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Sole
The invention relates to a sole for an item of footwear such as a boot or a shoe.

The mechanical principles underlying economical walking require mechanical energy to
be lost at the beginning of each stance (or step). In humans, the foot geometry and
vaulting motions during walking suggest that the anterior tibialis and associated connective
tissues (AT+) act primarily to resist plantar flexion and to dissipate energy. However,
muscles and their surrounding structures involved in resisting plantar flexion of the foot
(principally the anterior tibialis) can be damaged during a range of common activities.
Normal use in walking can then be inhibited due to pain.

A problem with prior art footwear is that the load placed on the user's anatomy is not, in
some cases, suitably alleviated. It would therefore be advantageous to reduce the loading
on such tissues during walking without altering the basic mechanics of the walking gait.

According to a first aspect of the invention there is provided a sole for an item of footwear,
comprising: ‘

a toe portion;

a heel portion; and

a kinetic energy absorbing member situated between heel and toe portions and
having an extended position in which the kinetic energy absorbing member protrudes
further from the sole than the heel portion and a retracted position in which the kinetic
energy absorbing member protrudes no further from the sole than the heel portion,

The provision of the kinetic energy absorbing member and its location on the sole enables
energy to be absorbed during a walking step and so potential stress on the user's anatomy
is alleviated. In some examples, the user's walking gait may be unaffected by the action

of the kinetic energy absorbing member. The terms ‘step’ and ‘stride’ may be used herein
to refer to a user's stance.

The sole may comprise a plurality of kinetic energy absorbing members. The heel and toe
portions may be more rigid than the kinetic energy absorbing member. The kinetic energy
absorbing member may be provided at least partially in a recess in the sole. The kinetic
energy absorbing member may be elastic or resilient. The kinetic energy absorbing
member may comprise a spring.
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The kinetic energy absorbing member may be a shock absorber. The kinetic energy
absorbing member may be configured to dissipate absorbed energy as heat. The kinetic
energy absorbing member may comprise a dashpot.

The toe portion may be configured to be level with the heel portion during a midstance of
the user.

The sole may comprise a catch for selectably (or selectively) locking the kinetic energy
absorbing member in the retracted position. The catch may have: an open position in
which the kinetic energy absorbing mechanism is free to move between the retracted
position and the extended position; and a closed position in which the kinetic energy
absorbing member is locked in the retracted position. The catch may be configured such

that the user is able to select whether the catch is in the open position or the closed
position.

The kinetic energy absorbing member may protrude between 10 mm and 40 mm further
from the sole than the heel portion in the extended position. Preferably, the kinetic energy
absorbing member protrudes 20 mm furtﬁer from the sole than the heel portion in the
extended position. The kinetic energy absorbing member may be configured to absorb
between 5 J and 50 J per step. The kinetic energy absorbing member may be configured
to transition between the extended position and the retracted position within 0.08 s and
0.12 s. Preferably, the kinetic energy absorbing member is configured to transition
between the extended position and the retracted position in 0.1 s.

According to a further aspect of the invention there is provided an item of footwear
comprising a sole according to the first aspect of the invention and described above. The

item of footwear may be a shoe or boot, for example. A training shoe is an example of a
shoe.

One or more embodiments of the invention will now be described, by way of example only,
and with reference to the accompanying figures in which:

Figure 1 illustrates items of footwear that each comprise a sole with a kinetic energy
absorbing member situated between heel and toe portions;

Figures 2a to 2c illustrate catch mechanisms for retaining a kinetic energy
absorbing member in a retracted position; and

Figure 3 illustrates configurations of a sole at a range of stages in a user’s step, or
stance.
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Unlike muscle, passive engineered devices are capable of repeatedly absorbing
considerable energy at high rates in simple structures of lightweight, low-volume materials.
The arrangement of the sole in figure 1 enables energy from a user's step to be absorbed
and, optionally, returned in a subsequent phase of the step.

Figure 1 illustrates items of footwear 12 that each comprise a sole 10 with two kinetic
energy absorbing members 18 that are situated between a toe portion 14 and a heel
portion 16 of the respective sole 10. Providing a plurality of kinetic energy absorbing (KEA)
members 18 across the breadth of the sole 10 improves the balance of the sole compared
to the case where a single KEA member 18 is provided by the sole 10.

The KEA members 18 each have an extended position in which the respective KEA
member 18 protrudes further from the sole 10 than the heel portion 16. Each KEA member
18 also has a retracted (or compressed) position in which the KEA member 18 protrudes
no further from the sole 10 than the heel portion 16. The KEA member 18 is configured to
be deflected, or actuated, from the extended position into the contracted position when a
user steps on the KEA member 18 in an early part of his stance (or step).

The members 18 are provided at least partially in a recess 20 in the sole 10. In the
retracted position, the members 18 may be completely within the recess 20. Each KEA
member 18 is typically level, or co-planar, with the heel portion 16 in the retracted position.
After an absorbing deflection, contact between the heel portion 16 of the sole and the
ground provides an ‘end stop’ to the deflection of the KEA member 18.

The KEA members 18 are situated near a mid-portion of the sole 10 between the toe
portion 14 and the heel portion 16. The members 18 may be considered to be provided at
a waist of the shoe 12, which is an area where stirrups may normally be attached to the
shoe 12. The positioning of the members 18 is such that in the retracted position the
members 18 are in compression axially, or in line, with a user's leg.

The provision of the kinetic energy absorbing members 18 and their location on the sole
10 enables energy to be absorbed during a walking step so that potential stress on the
user's anatomy is alleviated. The primary aim of the KEA member 18 is to absorb energy
~ by load reduction — that would otherwise be absorbed by the anterior tibialis and
associated connective tissues (AT+). The deflection of the KEA member 18 during a step
is discussed in further detail with regard to figure 3, below.
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In contrast to some known spring-boots, the kinetic energy absorbing KEA members 18:
1) are situated near-underneath (or forward of) the ankle, and
2) have a limited compressibility, with a defined 'end-stop’ position due to heel and
sole contact when the foot is flat on the floor during the vaulting phase of stance.

The location of the members is arranged to reduce the energy input to the anterior tibialis
and associated connective tissues (AT+) through reduction in muscle tension (due to
moving the centre of pressure forwards, thus shortening the moment arm of the ground
reaction force about the ankle) rather than through reduction in AT+ stress (which would
be the case with an absorber positioned at the heel 16).

The limited compressibility of the members 18 allows normal ‘vaulting’ walking mechanics
to be maintained, at least up to moderate walking speeds. In contrast, known leaf-spring
shoes or jumping stilt' designs may require the user to adopt a bouncing ‘running-like’ gait,
even at low speeds, and so can make the user feel unstable and tired.

The heel and toe portions 14, 16 are typically provided by a rubber or plastics material that
is more rigid than the kinetic energy absorbing members 18. The kinetic energy absorbing
members 18 can be provided by an elastic and/or resilient material such as the spring
shown in figure 1, or alternatively by an energy dissipating absorber such as a shock
absorber. Both resilient and dissipative KEA members 18 can reduce loading on the user’s
tibialis anterior (shin) muscles.

One advantage of the use of springs is that they are a cheap option for implementing the
KEA members 18. Another advantage of the use of springs, or any other resilient KEA
member 18, is that energy can be returned to the user’s step as well as simply absorbed.
The absorbed energy may be returned later in the user's step in order to power a toe-push
stage of late stance, for example. The extent of deflection, energy absorption and

compressed length of the springs can be selected according to a user's weight and
intended walking speed.

As an alternative to using a resilient kinetic energy absorbing member 18, the KEA
member 18 may be provided by a shock absorber. Shock absorbers typically resist an
applied force in proportion to a velocity of a deflection caused by the applied force, rather
than the extent of the deflection. The shock absorber may be configured to dissipate

absorbed energy as heat. A general purpose dashpot or Ace Controls Shock Absorber
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MA 150EUM-B are examples of suitable shock absorbing mechanisms for use as the KEA
member 18. Where a shock absorbers’ bodies are longer than the height of the sole 10,
the shock absorbers can be mounted on the sides of the sole 10 and extend upwards
(away from the sole on its inner side) in parallel with the legs of the user.

Figures 2a to 2c illustrate catch mechanisms for retaining a kinetic energy absorbing
member 18 in a retracted position. Any suitable structure for selectably locking the kinetic
energy absorbing member 18 in the retracted position can be used as a catch.

The catch mechanism in figure 2a comprises a first catch member 22 provided on a side
of a shoe 30 (although the first catch member 22 could also be provided on a side of sole
10 of the shoe 30) and a second catch member 24 extending from a peripheral end of a
kinetic energy absorbing member 18. A band 26 retains the first catch member 22 in place
with the second catch member 24. This catch may be suitable for securing the KEA

member 18 in a retracted position when the user is running or walking on soft ground, for
example.

Figure 2b shows a shoe 40 with a deflectable cover or flap 28 pivotally connected to the
toe portion 14. A free end of the flap 28 is in contact with a kinetic energy absorbing
member 18 such that the flap 28 is flush with a peripheral surface of the heel 10 of the
shoe 40 when the KEA member 18 is in a refracted position. The flap 28 extends
tangentially to the toe portion 14 of the shoe 40 when the KEA member 18 is in the
extended position, as illustrated in figure 2b.

Figure 2c illustrates a catch mechanism retaining the flap 28 of figure 2b in the retracted
position. The catch mechanism comprises a first catch member 22 provided on a side of
a shoe 50 (although the first catch member 22 could also be provided on a side of the sole
10 of the shoe 50) and a second catch member 24 extending from a side of the flap 28. A
band 26 retains the first catch member 22 in place with the second catch member 24. This
catch may be suitable for securing the KEA member 18 in the retracted position and so
reduce the likelihood of a user tripping when scuffing the shoe 40.

A number of other embodiments of the invention are also envisaged. The KEA member
18 may be fully retained inside a structure that prevents lateral movement of the member.
A base may be provided on the peripheral end of the KEA member 18 to provide an
improved grip on the ground. The base may prevent wear and allow use on moderately
compliant surfaces, such as short grass. The kinetic energy absorbing member 18 may



10

15

20

25

30

36

WO 2015/177533 PCT/GB2015/051468

be interchangeable or tuneable so that its properties can be easily adapted for a particular
user's load and intended use (including walking speed).

Figure 3 illustrates configurations of a sole 10 similar to those described with reference to

figures 1 and 2 at three stages in a user's step: early stance 62, vaulting period 64 and
late stance 66.

The early stance 62 is characterised by a user placing his foot on the ground heel-first.
During the early stance 62, energy is absorbed by deflection of the kinetic energy
absorbing member 18 due to the interaction between the sole 10 and the ground 70. This
deflection can occur over approximately 0.1 seconds, independent of the size of the
member 18. That is, the KEA member 18 is configured to transition between the extended
position and the retracted position in 0.1 s. In practice, the KEA member is configured to
transition between the extended position and the retracted position within 0.08 s and 0.12
s. The impulse period for a resilient KEA member 18 implemented using a spring may be
largely insensitive to the spring construction. However, a KEA member implemented as a
dashpot, or other shock absorber, may have an adjustable impulse period and so the
interval over which deflection occurs may be varied depending on attributes of the user,
such as his height, weight and desired level of energy absorption.

The deflection of the kinetic energy absorbing member can allow for a normal heel-to-sole
early stance plantar flexion motion. For an adult (with a leg length of 1 m) with an absorber
placed under the ankle, this would require a maximum deflection of approximately 20 mm.
Therefore the kinetic energy absorbing member preferably protrudes 20 mm further from
the sole than the heel portion in the extended position. In practice, the kinetic energy
absorbing member protrudes between 10 mm and 40 mm further from the sole than the
heel portion in the extended position. The energy and deflection calculations can be used
to inform the spring specification.

For a moderately tall user with a leg length of 1 m walking normally at a moderate speed
of 1.6 m/s, the energy absorbed by the KEA member 18 may be up to 0.25 Joules per step
per kilogram of the user's mass. This level of energy absorption is towards the upper end
of the acceptable range and a half of this value may be a sensible value. In practice, the
Kinetic energy absorbing member may be configured to absorb between 5 J and 50 J per
step.
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An important advantage of the sole 10 is that loading of the anterior tibialis and associated
connective tissues (AT+) is reduced during plantar flexion in the early stance 62. The
reduced loading can be demonstrated through inverse dynamics, ultrasound and
electromyography intensity studies, for example. Reduction in loading alleviates AT+
soreness in healthy subjects after walking, and in particular rapid downhill and/or loaded
walking. The soles 10 may also provide a reduction in perceived AT+ soreness and
improved comfort during downhill walking.

Following the early stance is a vaulting period 64 of the stance, or midstance, in which the
Kinetic energy absorbing member 18 is deflected into the retracted position. The toe
portion 14 may be flat, or level, with the heel portion 16 during the vaulting period 64. In
order for the toe portion 14 to be level with the heel portion 16, the toe portion 14 may be
co-planar with the heel portion 16. Both the toe portion 14 and the heel portion 16 are in
contact with the ground. In the vaulting period 64, the kinetic energy absorbing member
18 neither absorbs nor returns energy from the interaction between the sole 10 and the
ground.

Following the midstance is the late stance 66. In the late stance 66 the user pulls on his
calf muscles. The calf muscles pull up on the heel, levering down on the balls of the toes,
thereby lifting the ankle (and the user's body).. Deflection of the kinetic energy absorbing
member from the retracted position into the extended position may occur over a 0.1 s
interval when the user pushes off from the ground.

Where the KEA member 18 is provided as a resilient KEA member 18, energy may be
returned to the user’s step during this phase of the stance by the KEA member 18 recoiling.
The recoil energy may further reduce stress on the user and ease his step.

The basic vaulting mechanics of walking are maintained by the sole 10 in that:

- midstance forces match those of stiff-limbed vaulting models.

- kinetic and potential energy fluctuations reflect passive vaulting motions.

- ground reaction forces show the expected ‘crash, vault, shove' profile during the
stance.
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Claims

1. A sole for an item of footwear, comprising:

a toe portion;

a heel portion; and

a kinetic energy absorbing member situated between heel and toe portions and
having an extended position in which the kinetic energy absorbing member protrudes
further from the sole than the heel portion and a retracted position in which the kinetic
energy absorbing member protrudes no further from the sole than the heel portion.

2. The sole of claim 1 wherein sole comprises a plurality of kinetic energy absorbing
members.
3. The sole of claims 1 or claim 2 wherein the heel and toe portions are more rigid

than the kinetic energy absorbing member.

4, The sole of any of claims 1, 2 or 3 wherein the kinetic energy absorbing member is
provided at least partially in a recess in the sole.

5. The sole of any of claims 1, 2, 3 or 4 wherein the kinetic energy absorbing member
is elastic or resilient.

6. The sole of claim 5 wherein the kinetic energy absorbing member comprises a
spring.
7. The sole of any of claims 1, 2, 3 or 4 wherein the kinetic energy absorbing member

is a shock absorber

8. The sole of claim 7 wherein the kinetic energy absorbing member comprises a
dashpot.
9. The sole of any preceding claim wherein the toe portion is configured to be level

with the heel portion during a midstance of the user.

10.  The sole of any preceding claim comprising a catch for selectably locking the kinetic
energy absorbing member in the retracted position.
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11. The sole of any preceding claim wherein the kinetic energy absorbing member
protrudes between 10 mm and 40 mm further from the sole than the heel portion in the
extended position.

12, The sole of any preceding claim wherein the kinetic energy absorbing member is
configured to absorb between 5 J and 50 J per step.

13.  The sole of any preceding claim wherein the kinetic energy absorbing member is
configured to transition between the extended position and the retracted position within
0.08 sand0.12s.

14.  Anitem of footwear comprising the sole of any preceding claim.

15. A sole substantially as described herein with reference to the accompanying
drawings.

16. An item of footwear substantially as described herein with reference to the
accompanying drawings. V
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