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ANKLE FOOT ORTHOSIS FOR COUNTERACTING THE
SUPINATION/PRONATION OF THE FOOT

‘The present invention relates to an ankle foot orthosis for counteracting the spasticity
in varus-supination 6f the foot. In less common cases, the mirror embodiment can limit
the deformation in valgus-pronation.

As is known, patients suffering from a hbtor deficiency of the lower limb, in order to
compensate for the impaired motor functions, very frequently make use of orthoses.
These are medical devices able to maintain passively given articular postures, in order to
improve a function or support a part of the body.

More specifically, when the disorder affects the ankle and the foot, orthoses are
used, these being referred to by the acronym AFO (Ankle Foot Orthosis) and consisting-
of orthopaedic supports which are applied externally in order to correct the pathological
postures of the foot and improve the gait.

| Many of the AFOs which are commercially available are based on an orthosis which
is commonly known as a "Codivilla spring" originally conceived at the beginning of the
past century, as a solution for the “"foot drop" of peripheral origin and essentially
composed of an L-shaped bar which may be fixed behind the leg and supporting the
bottom of the foot so as to keep it correctly raised. It was called “spring” because it was
able to return elastically the flexural force imparted to it by flexing of the ankle during the

terminal part of the stance phase of step. The foot drop was quite a frequent condition at

the time when Codivilla spring was invented, on the first half of the past century, due to

peripheral nerves lesions, from work or war traumas.

During the second half of the past century, the clinic of the foot drop has been
progressively modifying: the foot drop became rarely due to peripheral nerves lesions.
When due to peripheral nerves lesions, these nowadays are seldom due to traumatic
causes, but more often due to peripheral neuropathy, such as the diabetic one. Moreover,
the whole foot drop problem is less frequently caused by pgripheral nerves impairment.
The prevalent cause of foot drop is currently a consequence of a central nervous system
lesion.

A very common cause of foot drop of such “central’ lesion is the hemiparesis
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following stroke.

The clinical features of the foot drop of “periferal” origin are very different from those
of the foot drop of “central” origin. The former is characterized by simple loss of muscle
strength and flaccidity, and final consequent atrophy. This is the foot drop type best
benefiting of Codivilla spring. The latter, instead, despite sharing_the “loss of function’,
and partially of strength, can be distinguished by the presence of a complex pattern of
pathological.réﬂexes characterized by spasticity. It is not generally present while the
lower limb is at rest, but 'eminently appears during the éait: the damaged brain find
impossible to correctly control the movement, even if peripheral nerves are undamaged.
In particular, hemiparetics suffer from a motor deficiency of the lower limb which, while
walking, is manifested in the form of spasticity of varying severity, with stiffness of the
paretic limb, tendency to the knee hyperextension, the foot drop and the associated
pathological reflexes: supination or inversion, namely the tendency for the foot to rotate
about its antero-posterior axisrturning the sole inwards during the whole step.

Starting from the Codivilla spring, many attempts has been made for adapting AFOs
to clinical features of the “new” foot drop. They all bear the heavy limit of facing the
problem only on the very same plane of Codivilla spring: the anteroposterior plane. They
can outwordly remembering a Codivilla spring or, on the contrary, o look completely
different. However, they all consider the main forces to be counteracted those acting on
the antefoposterior plane: the foot drop and the knee hyperextension. |

A technologically refined solution, which is commercially known by the name of
"ToeOFF®", available on the market in many different versions, has a shaped bar,
extending from the side portion of a semi-rigid sole-piece, and provided with a front leg
grip which is aligned with the tibia and is fixed to the leg by means of a pair of Velcro®
fasteners. Its main plane of action is the anteroposterior (or sagittal) one, providing a
bound to the foot drop.

A much less charming embodiment counteracting the foot drop with an anterior
approach is the more recent US-7458950. It also efficaciously avoids the foot drop.
Unlike Codivilla spring, it completely misses its forward thrust due to the elastic return.

The fact that "ToeOFF®" reaches the footplate descending laterally to the ankle
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seems to make of it an aid for the foot drop of neurological origin, but its efficacy in
counteracting the supination is negligible. The producers themselves, of that AFO and all
its variants, declare its contraindication if the supination reflex is moderate or severe.
However, unlike US-7458950, the forward thrust is perfectly maintained, and likely
improved with respect to Codivilla spring. This is mainly due to the new materials used for
the plantar realization.

Therefore, both US-7458950 and "ToeOFF®" work on the anteroposterior plane,
approaching the leg from the front, basically binding the foot weight to the leg.

Despite its original appearance, the frontal AFOs which are at present commercially
available, such as TOEOFF® and similar models made by other manufacturers (es. WO-
02083040 and US-2005234378), are in fact designed to correct the "foot drop" and
effectively oppose the supinatory movement only if the supination is of a very slight
nature.

WO-2005034819, which is not commercially available, discloses an orthosis having a
unitary body with a generally spiral shaped lower leg portion and a footplate portion. The
orthosis is configured to allow simultaneous control of the knee and ankle-foot complex
during locomotion.

The orthosis disclosed by WO-2005034819 is conceived to transfer mechanical

~energy when worn by a walking subject. It stops the knee from hyper-extending during

the stance phase, by generating a knee flexion moment or torque. However, the orthosis
of WO-2005034819 is not capable of counteracting the spasticity in varus-supination of
the foot because its structure allows forces to operate on a rear-front jongitudinal plane.
In fact, this aim is not even mentioned in the patent by the inventors.

One of these AFOs, which is commercially known by the name of “DYNA ANKLE”
and wich is disclosed by EP-0567783, comprises, for example, a kind of splint that
surrounds at the rear the leg and the ankle to which it is fixed using straps. Despite
remembering in shape the traditional Codivilla spring, the straps addition allows to quite
efficaciously counteract the supinating movement.

Such type of orthosis is particularly difficult to fit, also considering that the person

who wears it very often has the use of only one hand.
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Other AFOs instead consist of a sole-piece, which has, extending from it medially or
laterally, a substantially straight bar which terminates in a respective medial or lateral leg
grip. Alternatively, a pair of half-shells, one medial and the other lateral, may extend from
the sole-piece, these extending beyond the tibio-tarsal articu!ation and retaining the foot
with a Velcro® fastener, as in the orthosis which is commercially known by the name of
"PEROMED".

In facts, none of the above-described structures are able to directly oppose the
powerful inversion thrust exerted by the foot, but only limit it indirectly by means of semi-
rigid ﬁxing straps or collars, or by the anterior way of reaching the plantar.

The absence of AFOs specifically counteracting the supination has led, during the
last decade, to the development of specific surgical techniques, such as functional
tendon-transfer surgery, where the muscles that often participate to supination reflex (e.g.
extensor hallucis longus) are deviated so as to acquire the opposite pronatory function.

Also, attempts have made to deactivate the muscle chiefly responsible for supination
by means of paralysis induced by botulinic toxin infiltration. |

The above method has a limited duration, 4 to 6 months, and in some cases may
become less effective after a certain number of applications, owing to a gradual immunity
to the toxin.

Both methods, in any case, often dq not solve the problem because, where muscles
responsible for supinatio.n are different than extensor hallucis Iongus, deviation or
deactivation thereof may worsen the foot drop, ankle stability and gait.

All the conventional AFOs require tight shoes in order to be even slightly effective
against supination and therefore cannot work properly with sandals, moccasins, open
shoes and summer or light shoes in general.

Moreover, it must be considered that the AFOs, which are at present commercially
available, are bulky, uncomfortablé and generally not liked by patients.

The conventional AFOs are also always incompatible with the inner soles present in
shoes — the plantar is flat, unlike the inner soles -, with the result that said soles must be

removed.

In any case, the inner soles must be removed/substituted in order to equalize the
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legs height but the removal of the inner soles is often difficult, because they can be glued.

The conventional AFOs also make it necessary to always use a shoehorn when
wearing the shoes because the rigid heel, made of plastics or carbon fiber, easily grazes
the fingers when attempting to wear the shoe without a shoehorn.

None of the commercially available orthoses compatible with normal shoes are
designed to counteract the supinatory movement of the foot, namely to provide a
constraint physically opposing the supinatory lever action. This would find an application
both} in‘the aforementioned neurological patients suffering from paresis of central origin
and in the orthopedic patients described below.

A sudden, excessive, unwanted supinatory movement of the foot, in the absence of
neurological damages, can lead to traumatic, orthopedic consequences.

The ankle twisting is a frequent occurrence in young sportsmen. This often leads to
recurrent ankle sprain and instep injures during the run. The ankle instability most often
consists in a weakness of ligamentous structures limiting the supinatory movement.

The aim of the invention is to overcome the problems of the prior art devices, by
providing an orthosis structure, in particular for the ankle/foot, which is truly effective in
counteracting the deformities associated with varus-supination of the foot or the less
common vaigus-pronation.

In connection with the above mentioned aim, one particular object of the invention is
to provide an orthosis structure which is able to provide greater stability of the ankle and
foot and at the same time ensure a more dynamic and functional gait.

A further object of the invention is to provide an orthosis structure, which is able to
control foot drop during the swinging phase.

A further object of the invention is to provide an orthosis structure, which can be
easily and rapidly fitted with one hand only.

A further object of the invention is to provide an orthosis structure, which, in addition
to being aesthetically pleasing, is light and comfortable.

A particular aim of the present invention is to provide an orthosis structure, which is
mainly designed to oppose the supination movement of the foot.

A particular object of the invention is to provide an orthosis structure, which is able to
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provide a rigid constraint opposing the supinatory thrust and to support the foot, offering
maximum rigidity in the frontal plane.

A further object of the present invention is to provide an orthosis structure, which
favours the correct dynamics of the gait owing to its elasticity in the sagittal plane.

Another object of the present invention is to provide an orthosis structure which helps
preventing the hyperextension of the knee.

Yet another object of the present invention is to provide an orthosis structure which
may be useful not only for neurological patients - in order to counteract the supinatory
reflex which is frequenﬂy observed in pareses due to central neurological lesion - but also
for orthopaedic patients as a means for preventing recurrent twisting of the ankle (ankle
sprain) and instep injuries. |

A further object of the present invention is to provide an orthosis structure, which may
be used with all commercially available footwear, of the closed or open type, including
sandals, without having to modify the footwear after purchase.

Yet another object of the present invention is to provide an orthosis structure, which
is able to oppose also supinatory forces much greater than the supinatory reflex
characteristic of central paresis, such that it may also be used by orthopaedic patients
such as those practising sporting activities.

A further object of the present invention is to provide an orthosis structure, which is
able to return elasticélly the flexural force imparted to it by flexing of the ankle during the |
walking movement.

An object of the present invention is to provide an orthosis structure which, being slim
and lightweight, is easy and convenient to use as well as being cooler during the summer
months and aesthetically more pleasing in appearance, thereby reducing the
embarrassment associated with wearing it together with sandals and shorts or skirts.

The above mentioned aim, as well as the objects mentioned and other objects which
will become clear below, are achieved by an ankle foot orthosis for counteracting the
supination/pronation of the foot, comprising a sole-piece which can be associated with
the sole of a foot, characterized in that it comprises medialflateral gripping means which

are joined to said sole-piece and engage the leg, the point where said medial/lateral
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gripping means are joined to said sole-piece and their portion engaged to said leg being
situated on opposite sides to each other relative to the longitudinal axis of said leg; said
orthosis also comprising a restrain means associated with said sole- piece.

According to a preferred embodiment of the invention, the sole-piece comprises at
least one rigid portion integral with said medial gripping mémbers, said rigid portion being
able to be engaged with the distal metatarsal zone of said foot so as to provide a rigid
constraint opposing the supinatory thrust of said foot.

Further characteristic featﬁres and advantages will emerge more clearly from the
description of preferred, but non-exclusive, embodiments of an orthosis structure
according to the invention shown by way of a non-limiting example in the accompanying
drawings in which:

Figure 1 is a front view and a perspective view of a leg and a foot affected by
inversion;

Figure 2 is a front view of an orthosis structure according to the invention fitted onto a
leg and a foot affected by inversion;

Figure 3 is a perspective view of the orthosis structure according to the invention
fitted onto a leg and a foot affected by inversion;

Figure 4 is a side view of the orthosis structure according to the invention;

Figure 5 is a side view, opposite to the preceding one, of the orthosis_ structure
according to the invention; |

Figure 6 is a front view of a further embodiment of the orthosis structure according to
the invention fitted onto a leg and a foot affected by inversion;

Figure 7 is a perspective view of the orthosis structure shown in the previous figure,
fitted onto a leg and a foot affected by inversion;

Figure 8 is a perspective view of still a further embodiment of the orthosis structure
according to the invention fitted onto a leg and a foot affected by inversion;

Figure 9 is a front view of a leg and a foot affected by inversion;

Figure 10 is a front view of a further embodiment of the orthosis structure according
to the invention fitted onto a leg and a foot affected by inversion;

Figure 11 is a perspective view of the orthosis structure of the preceding figure;
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Figure 12 is a perspective view of the orthosis structure of the preceding figure fitted
onto a leg and a foot affected by inversion;

Figure 13 is a perspective view of a further embodiment of the orthosis structure,
fitted onto a leg and a foot affected by inversion.

With reference to figures 1 - 8, the orthosis structure, according to the invention,
globally designated by reference number 1, comprises a sole-piece 2 on which a foot 50
rests. A

The sole-piece 2 is modelled so as to reproduce a portion of the sole of fhe foot 50
and, in particular, so as to support the forefoot. The sole-piece has a flexible structure,
which, during the walking movement, allows an elastic return of the force applied to flex it.
This feature provides the orthosis structure 1 with a dynamic characteristic, which allows
a more gradual transfer between the putting-down phase and the pushing-off phase,
facilitating the forward movement.

The sole-piece 2 has an anatomical cushioning insole (not shown in the

. accompanying figures), which is made of breathable material and designed so as to

support the foot 50 at the physiologically correct points.

According to the invention, the orthosis structure 1 comprises medial/lateral gripping
means 10 associated with the sole-piece 2 and that can be engaged respectively with the
medial zone, or lateral zone, of the leg 60 with which the foot 50 is articulated.

" A special feature of the medial/lateral gripping means 10 consists in the fact that the
point where they are joined to the sole-piece 2, which corresponds essentially to the point
where the torsional thrust 700 exerted by the foot 50 is applied, and their portion which
can be engaged with.the medial zone or lateral zone of the leg 60, which corresponds
essentially to the point of application of the reaction of the constraint 800, are situated on
opposite sides to each other relative to the longitudinal axis 600 of the leg 60.

Accordiﬁg to a first embodiment of the invention, the orthosis structure 1 is designed
to counteract the problem of varus-supination of the foot, also known as inversion, which
is particularly frequent in patients affected by spasticity of the lower limbs. In this
embodiment, the medial/lateral gripping means 10 essentially comprises a shaped lever

11 which is formed with the lateral - or outer - portion of the sole-piece 2 and is engaged
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with the medial - or inner - zone of the leg 60.

The sole-piece 2 is structured so as to engage with the part of the sole of the foot 50

corresponding to the forefoot and to the side (o lateral?) portion of the midfoot. These

zones in fact have a fundamental role in opposing inversion of the foot 50 and supporting
the latter.

The shaped lever 11, together with the sole-piece 2, is made of materials which
make it at the same time lighter, very rigid and stronger, such as carbon ﬁbre or Kevlar,
and owing to its characteristics it is able to oppoée actively the inversion thrust exerted by
the foot 50, transmitting it rigidly to the medial zone of the leg 60. The inversion thrust of
the foot 50 would in fact tend to rotate the shaped lever 11 in the medio-lateral direction,
but the medial zone of the leg 60 provides a physical constraint opposing this rotation.

The sole-piece 2 is also counteracting the tendency of the medial portion of the foot
to raise. Such tendency is counteracted by a restrain means associated with the sole-
piece and preferably constituted by a strap 21 removably associated with the sole-piece
2.

The shaped lever 11 extends from the sole-piece 2 substantially along the portion
associated with the midfoot, and extends so as to pasé over the front pre-tibial zone of
the leg 60, without necessarily making contact therewith. The shaped lever 11 terminates
in a plate 12, which allows it to rest against the medial zone of the leg 60:

During manufacture, the length of the shaped lever 11 may be adjusted according to
specific requirements.

Namely, the length of the shaped lever 11 may vary from a minimum length, where
the plate 12 rests against the medial zone of the leg 60 just above the tibial malleolus, as
substantially illustrated in Figure 8, to a maximum length, where the plate 12 rests against
the medial zone of the leg 60 just below the knee, as substantially illustrated in the
Figures 2to 7. ,

The shaped lever 11 is preferably inclined forwards at an angle variable substantially
between 5° and 15° relative to the perpendicular of the sole-piece 2, in order to
counteract hyperextension of the knee during the stance phase.

The shaped lever 11 is also provided with an anatomical padding (not shown in the
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accompanying figures) which lines it internally, improving the comfort during use. This
padding is significantly thinner in the pre-tibial region of the leg 60, so as to prevent
contact thereof with the shaped lever 11.

If necessary, the rigidity of the shaped lever 11 may be increased by means of a rigid
core (not visible in the figures) preferably consisting of a metallic insert, which is suitably
modelled and incorporated in the structure of the shaped lever 11 so as to engage inside
the sole-piece 2. -

The plate 12 may be supplemented with an adjustable band 20, which embraces the
leg 60. The fact that the adjustable band 20 is joined to the plate 12, which already itself
embraces a small portion of the leg 60, facilitates considerably fastening thereof. Owing
to this feature, in fact, hemiparetic patients are also able to fit and fix the orthosis
structure 1 easily and by themselves.

in order to further increase the effectiveness of the orthosis structure 1, a flange 13
projects from the medial portion of the sole-piece 2.

The flange 13 has the end of the strap 21 removably joined thereto. The strap 21
crosses over the dorsal portion of the foot 50 and has an opposite end removably joined
to the shaped lever 11, at the point where it is joined to the sole-piece 2, or in a higher
position on the lever itself. As a result of such a feature, together with the presence of a
non-slip sole associated underneath the sole-piece 2 (not shown in the figures), the
orthosis structure 1 can be used without necessarily wearing shoes.

The orthosis structure 1 may be completed by a stabilization appendage (not shown
in the figures), which extends from the sole-piece 2 towards the hindfoot. The function of
the stabilization appendage is that of counteracting extrarotation of the foot 50 during the
putting-down phase.

Duly modified, the orthosis structure according to the invention may also be used to
counteract valgus-pronation of the foot, also known as eversion, even though this
problem is rarer from a clinical point of view.

in fact, according to a further embodiment of the invention (not shown in the
accompanying figures), the orthosis structure has a shaped lever, which forms the

medial/iateral gripping means, integral with the medial - or inner - portion of the sole-
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piece 2 and engaged with the lateral - or outer - zone of the leg 60.

The shaped lever, which is now designed to transmit rigidly the eversion thrust
exerted by the foot 50 to the lateral zone of the leg 60 which acts as a constraint, extends
from the sole-piece 2 substantially in the zone corresponding to the midfoot, and extends
so as to pass over the front region of the leg 60. However, the shaped lever terminates in
a plate, which allows it to rest against the side zone of the leg 60.

In this configuration the flange extends from the side portion of the sole-piece 2.

The operating principle of the orthosis structure according to the invention is
described below.

The orthosis structure 1 is fitted by inserting the sole-piece 2 inside a shoe and
resting the sole of the foot 50 on top of it.

The shaped lever 11 is arranged so as to pass over the tibial zone of the leg 60,
while the plate 12 is rested against it in the medial or lateral zone thereof.

Such construction physically provides a constraint which opposes the rotational
movements induced by inversion of the foot 50. |

Then the strap 21 is fastened as well as the adjustable band 20, if present.

The above description clearly shows how, in each of the examples considered, the
thrusts exerted by the foot 50 are actively counteracted by the medial/lateral gripping
means 10 which form an integral part of the orthosis structure 1. -

With reference to figures 9 - 13, an orthosis structure, according to a further aspect of
the invention, is globally designated by the reference numeral 101.

The orthosis structure 101 comprises a sole-piece 110 which can be associated with
the sole of a foot 1100, which is articulated with a leg 1000.

The lateral - or outer - portion of the sole-piece 110 is joined to medial gripping
members, which can be engaged with the medial - or inner - zone of the leg 1000.

The medial gripping members, as well as the rest of the sole-piece 110, are suitably
made of a composite material of the polymer type. Consequently, they are composed of a
matrix which gives them their form and which contains a reinforcement consisting of
carbon fibres, Keviar or other synthetic polymer fibres. |

The medial gripping members mainly take the form of a shaped lever 120, which is
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designed to transmit rigidly to the medial zone of the leg 1000 the supinatory thrust
exerted by the foot 1100 on the sole-piece 110.

A strap 140, which will be described further on, has the important function of bearing
the other half of the supinatory thrust exerted by the foot.

The terminal portion 121 of the shaped lever 120 is joined to the side portion of the
sole-piece 110, while a contact portion 130, which can be engaged with the medial zone
of the leg 1000, is formed on its apical portion 122.

It is therefore important to note that the point where the shaped lever 120 is joined to
the sole-piece 110, which corresponds essentially to the point of application of the
supinatory thrust 2000 exerted by the foot 1100, and the contact portion 130, which
corresponds essentially to the point of application of the reaction of the constraint 3000,
are situated on opposite sides to each other relative to the longitudinal axis 1500 of the
leg 1000.

The shaped lever 120 extends from the sole-piece 110, substantially élong the
portion associated with the midfoot, and extends so as to pass over the front zone of the
leg 1000, without necessarily making contact therewith. The shaped lever 120 rests
against the medial zone of the leg 1000 with the contact portion 130.

The shaped lever 120 is inclined forwards, in the antero-posterior plane, at an angle
variable substantially between 5° and 15° relative to the perpendicular of the sole-piece
110. It is thus pdssible to counteract hyperextension of the knee during the pthting-down
phase. 7

The shaped lever 120 is also provided with anatomical padding (not shown in the
accompanying figures) which lines it internally, improving the comfort during use.

According to the invention, the sole-piece 110 comprises a rigid portion 111 integral
with the medial gripping members. The rigid portion 111 can be engaged with the anterior
part of the metatarsal zone of the foot 1100 so as to provide a rigid constraint opposing
the supinatory thrust exerted by the latter.

The rigid portion 111 is joined [aterally to the terminal portion 121 of the shaped lever
120 and is modelled so as to engage with the metatarsal zone, leaving the hindfoot

completely free.
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A flexible portion 112 is joined as one piece at the front of the rigid portion 111 and is
able to return elastically part of the flexural force during the terminal phase of putting
down of the foot 1100, allowing, during walking, a more gradual transfer between the
putting-down phase, the pushing-off phase and the toe-off phase. |

The flexible portion 112 can be engaged with the zone of the foot 1100 substantially
delimited by the phalanxes and by the distal metatarsal ends.

The different elastic response between the two portions described may be
advahtageously obtained by choosing and suitably dombining the matrix and the fibres,
which form the composite material from which the orthosis structure 101 is made.

The elasticity of the orthosis structure 101 in the antero-posterior plane may be
predefined or may be adjustable, namely may be adjusted to the requirements, which
may vary over time, of the neurological or orthopaed'ic patient, and to the lever forces to
be opposed. In this latter case, the orthosis structure 101 will be provided with adjustable
stiffening means (not shown in the accompanying figures) associated with the points
where there is greatest flexing of the shaped lever 120.

The adjustable stiffening means may comprise, for example, a rigid slider, which can
be associated horizontally with the central portion 123 of the shaped lever 120.

In order to oppose more effectively the supinatory thrust, the foot 1100 is constrained
to the sole-piece 110 by restrain means, which extends from the medial portion of the
latter, embraces the dorsal portion of the foot 1100 and reaches the lateral portion of t'h>e
sole-piece 110.

Namely, the restrain means takes the form of a first strap 140.

The first strap 140 can be associated, in a removable manner, with the single rigid
portion 111 only, or with the flexible portion 112 tob, so as to engage transversely with
the midfoot and forefoot, retaining if necessary also the toes of the foot.

The dynamic response of the medial gripping members may be increased by
controlled-movement artiéulation means which allow a limited and reversible
displacement in the antero-posterior plane of said gripping members with respect to the
sole-piece 110 so as to favour dorsal flexion of the foot and flexing of the knee. The

articulation means also ensure the elastic return into a predefined adjustable initial
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position when the cause of the stress ceases.

The presence of the articulation means, together with combination of the flexible
portion 112 with the rigid portion 111, provide the orthosis structure 101 with maximum
rigidity in the frontal plane and elasticity in the antero-posterior plane so 2s to favour
flexing of the knee, ankle and toes.

Acqording to an embodiment of the invention, the articulation means comprises a first
resilient hinge 160 formed directly on the shaped lever 120, substantially along the
portion which can be associated with the ankle 1200 of the leg 1000 or if necessary
consisting of a suitable separate device incorporated in the said shaped lever 120 during
manufacture.

The resilient hinge 160 is essentially composed of a first pair of arms 161 and 162
which are pivotally connected together by means of a joining member 163 and are
respectively connected to the shaped lever 120 and to the sole-piece 110 so as be more
or Iess parallel to the antero-posterior plane. These arms are constrained by a first spring
(not shown in the accompanying figures) which limits the relative movement thereof and
tends to bring them back automatically into the initial condition when the stress causing
the displacement ceases.

The two arms 161 and 162 are substantially flat and may have substantially disc-
shaped ends which are arranged on top of each other with the pdssibility-of rotation.

The retaining means also compﬁses an adjuétable band 150, which is preferably
made, like the first strap 140, of multi-layered fabric, which ensures stability and
breathability.

The adjustable band 150 is removably associated with the contact portion 130 alone
or with the entire shaped lever 120 so as to engage with the zone of the leg 1000
substantially delimited by the malleolus and by the apical portion of the said contact
portion 130. |

According to a further embodiment of the invention, not shown in the accompanying
figures, the articulation means may consist of a second resilient hinge 120 formed directly
on the shaped lever 120, substantially along the central portion 123, or consisting of a

suitable separate device incorporated in the said shaped lever 120 during manufacture.
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The second resilient hinge comprises a second pair of substantially flat arms which
are joined together so as to be slidable and are respectively connected to the terminal
portion 121 and to the apical portion 122 of the shaped lever 120 so as to be substantially
parallel to the frontal plane and transverse to the antero-posterior plane. These arms are
constrained by a suitable restraining device consisting for example of a pawl associated
with one of the two arms and a series of corresponding holes formed in the other arm.

In any case, the 'r'estraining device is designed to limit the relative movement of the
two arms of the éecond pair and bring them back automatically into the initial condition
when the stress which caused the change in their relaﬁve position ceases.

While the rigidity of the first arm increases closer to the terminal portion 121 of the
shaped lever 120, the rigidity of the second arm is increased by a pair of guides, which
slidably receive the first arm.

As a result of this fact, if the first arm is fully housed inside the second arm, the
orthoses structure 1 achieves the maximum rigidity envisaged in the antero-posterior
plane, while conversely, when the two arms move away from each other, the antero-
posterior elasticity increases.

The operating principle of the orthosis structure according to the invention is
described below. |

The orthosis structure 101 is fitted by associating the sole-piece 110 with the sole of
the foot 1100, fixing it with the first strap 140 and resting the contact pbrtion 130 against
the medial zone of the leg 1000, fixing it using the second strap 150.

As mentioned, when the foot 1100 exerts its supinatory thrust on the rigid portion 111
of the sole-piece 110, the latter, by means of the shaped lever 120, transmits it rigidly to
the contact portion 130, which encounters a physical constraint in the medial zone of the
leg 1000.

In practice, this results in the formation of a line, rigid on the frontal plane, which
starts from the medial portion of the sole of the forefoot, comprising the distal portion of
the metatarsus, extends to the lateral edge of the sole of the foot 1100 and returns again
into the medial position, passing diagonally over the instep. The line embraces, without

necessarily making contact, the frontal zone of the lowest portion of the leg 1000 and
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then makes contact with the medial surface of the same leg 1000, at least above the tibial
malleolus, where the supinatory lever force is discharged, encountering a solid constraint.

While the lateral side of the rigid plantar bears the downward rotational thrust of the
lateral side of the forefoot? the strap 140 has the important function of bearing the other
haif, upward rotational thrust of the medial side of the forefoot.

It must be pointed out that, during walking, the flexible portion 112 allows a more
gradual transfer from the pufting-down phase to the puéhing-off‘phase of the foot 1100. If
necessary, controlled-movement articulation means may also be used, allowing a limited
and reversible displacement of the medial gripping members with respect to the sole-
piece 110, increasing further the rigidity in the frontal plane and the elasticity in the
antero-posterior plane so as to favour the correct dynamics of the walking movement.

The structure according to the present invention is resilient on its sagittal plane, i.e.
on the median longitudinal plane of the leg and foot, while being substantially stiff in its
frontal, or transversal plane. Such constructive features may be achieved by suitably
orienting the fibers and sheets that constitute the carbon fiber structure.

It will be appreciated that the structure according to the present invention
substantially lack a heel portion of the sole-piece, 2 or 110, and substantiaily lack any
rear and inner portion of the shaped lever 11, 120 extending beyond the plate 12, or
contact portion 130. in other words, the shaped lever 11, 120 ends at the medial side of
the calf without extending back in the posterior side of the calf, because there is no need
of tightly binding the calf in the sagittal plane. |

The lack of a back and inner portion of the shaped lever is extremely advantageous
and makes the orthosis structure according to the present invention very easy to wear.

It has been shown in practice how the orthosis structure according to the invention
fully achieves the intended aims and objects.

The orthosis structure according to the invention is particularly effective in
counteracting the deformities in valgus-pronation or the spasticity in varus-supination of
the foot, ensuring a good stability of the ankie and the foot and at the same time a more
dynamic and functional walking movement.

Also, the orthosis structure according to the invention controls the foot drop during
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the swinging phase and ensures a more stable walking movement.

The orthosis structure according to the invention is lightweight and comfortable and
also aesthetically pleasing.

The orthosis structure according to the invention is also designed to oppose the
supination movement of the foot.

In fact, the orthosis structure according to the invention is able to provide a rigid
constraint opposing the supinatory thrust and to support the foot, offering maximum
rigidity in the frontal plane, as well as favour the correct dynamics of the gait, owing to its
elasticity in the sagittal plane.

The orthosis structure according to the invention helps preventing the hyperextension
of the knee and is useful for neurological patients, in order to counteract the unwanted
supinatory movement, which is frequently observed as a pathological reflex in pareses
due to central neurological lesion, as well as in orthopaedic patients as a means for
preventing recurrent twisting of the ankle and instep injuries.

Also, the orthosis structure' according to the invention may be used with all
commercially available footwear, without having to modify the footwear after purchase.

Also, being slim and lightweight, it is easy énd convenient to use, as well as being
cooler during the summer months and aestheticélly more pleasing in appearance,
thereby reducing the embarrassment associated with wearing it together with sandals
and shorts or skirts.

In practice, the materials used, provided they are compatible with the specific use, as
well as the related forms and dimensions may be of any nature depending on the
requirements and the state of the art.

This application claims the priority of Italian Patent Applications No. VI2008A000110,
filed on May 15, 2008 and No. VI2009A000087, filed on April 22, 2008, the subject matter

of which is incorporated herein by reference.
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CLAIMS

1. Ankle foot orthosis for counteracting the supination/pronation of the foot,
comprising a sole-piece which can be associated with the sole of a foot, characterized in
that it comprises medial/lateral gripping means which are joined to said sole-piece and
engage the leg, the point where said medial/lateral gripping means are joined to said
sole-piece and their portion engaged to said leg being situated on opposite sides to each
other relative to the longitudinal axis of said leg; said orthosis also comprising a restrain
means associated with said sole- piece.

2. Ankle foot orthosis, according to the preceding claim, characterized in that said
medial/lateral gripping means comprises a shaped lever which is joined to the lateral
portion of said sole-piece and can be engaged with the medial zone of said leg, said
shaped lever being able to transmit rigidly to the medial zone of said leg the inversion
thrust exerted by said foot, said shaped lever being stiff in transversal plane and resilient
in the sagittal plane.

3. Ankle foot orthosis, according to one or more of the preceding claims,
characterized in'that said medial/lateral gripping means comprises a shaped lever which
is joined to the medial portion of said sole-piece and can be engaged with the lateral zone
of said leg, said shaped lever being able to transmit rigidly to the lateral zone of said leg
the eversion thrust exerted by said foot, said shaped lever being stiff in transversal plane
and resilient in the sagittal plane.

4. Ankle foot orthosis, according to one or more of the preceding claims,
characterized in that said shaped lever is modelled so as to be able to pass over the front
zone of said leg, without necessary contact with it, so as to reach the side situated
opposite, relative to the longitudinal axis of said leg, to that where the joining point with
said sole-piece is situated.

5. Ankle foot orthosis, according to one or more of the preceding claims,
characterized in that the length of said shaped lever varies from a minimum length, where
said engageable portion rests against the zone of said leg situated just above the
malleolus, to a maximum léngth, where said engageabie portion rests against the zone of

said leg situated just below the knee.
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8. Ankle foot orthosis, according to one or more of the preceding claims,
characterized in that the point where said shaped lever is joined to the sole-piece is
defined substantially at a point corresponding to the midfoot portion.

7. Ankle foot orthosis, according to one or more of the preceding claims,
characterized in that said shaped lever is inclined forwards with respect to said sole-
piece.

8. Ankle foot orthosis, according to one or more of the preceding claims,
characterized in th’at‘ said shaped lever comprises a plate defined in the region of said
engageable portion, said plate embracing the side portion of said leg.

9. Ankle foot orthosis, according to one or more of the preceding claims,
characterized in that said shaped lever comprises a rigid core which extends inside said
sole-piece.

10. Ankle foot orthosis, according to one or more of the preceding claims,
characterized in that said medialflateral gripping means comprises an anatomical padding
which is defined inside said shaped lever, said anatomical padding being thinner in the
front region of said leg.

11. Ankle foot orthosis, according to one or more of the preceding claims,
characterized in that said medial/lateral gripping means comprises at least one adjustable
band joined to said plate.

12. Ankle foot orthosis, according to one or more of the preceding claims,
characterized in that said sole-piece comprises at least one flange which extends
medially.

13. Ankle foot orthosis, according to one or more of the preceding claims,
characterized in that said sole-piece comprises at least one flange which extends
laterally. |

14. Ankle foot orthosis, according to one or more of the preceding claims,
characterized in that said restrain means comprises at least one strap which can be
removably associated with said flange and said shaped lever.

15. Ankle foot orthosis, according to one or more of the preceding claims,

characterized in that said sole-piece comprises a non-slip sole associated underneath.
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16. Ankle foot orthosis, according to one or more of the preceding claims,
characterized in that said sole-piece comprises an anatomical cushioning insole
associated on the top thereof.

17. Ankle foot orthosis, according to claim 1, characterized in that said sole-piece
comprises at least one rigid portion integral with said medial gripping members, said rigid
portion being able to be engaged with the distal metatarsal zone of said foot so as to
provide a rigid constraint opposing the supinatory thrust of said foot.

18. Ankle foot orthdsis, according to claim 17, characterized in that said sole-piece
comprises a flexible portion joined as one piece to said rigid portion, said flexible portion
being able to be engaged with the zone of said foot substantially delimited by the
phalanxes and by the distal metatarsal ends so as to return part of the flexural force
during the terminal phase of putting-down of said foot.

19. Ankle foot orthosis, according to either claim 17 or 18, characterized in that said
lateral gripping members comprise a shaped lever, the terminal portion of said shaped
lever being joined laterally to said rigid portion of said sole-piece, the apical portion of
said shaped lever being aEle to be engaged with the medial zone of said leg, said shaped
lever transmitting rigidly to the medial zone of said leg the supinatory thrust exerted by
said foot on said sole-piece.

20. Ankle foot orthosis, according to one or more of claims 17 to 19, characterized in
that said shaped lever extends from said rigid portion of said sole-piece, extends so as to
pass over the front zone of said leg, without necessarily making cohtact therewith, and
rests against the medial zone of said leg.

21. Ankle foot orthosis, according to one or more of claims 17 to 20,-characterized in
that said shaped lever is inclined forwards with respect to said sole-piece, in the antero-
posterior plane, at an angle variable substantially between 50 and 150 with respect to
the perpendicular of said sole-piece.

22. Ankle foot orthosis, according to one or more of claims 17 to 21, characterized ih
that said medial gripping members comprise at least one contact portion formed
substantially on said apical portion of said shaped lever.

23. Ankle foot orthosis, according to one or more of claims 17 to 22, characterized in
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that it comprises a retaining means which can be removably associated with said sole-

piece and said medial gripping members, said retaining means constraining said foot to

"said sole-piece and said leg to said contact portion.

24. Ankle foot orthosis, according to one or more of claims 17 to 23, characterized in
that said restrain means comprises a first strap which can be removably associated with
at least said rigid portion of said sole-piece, said first strap embracing the dorsal portion
of the forefoot.

25. Ankle foot orthosis, according to one or more of claims 17 to 24, characterized in
that it comprises a second strap which can be removably associated with said contact
portion and/or with said shaped lever, said second strap embracing the zone of said leg
which is substantially delimited by the malleolus and'by the apical portion of said contact
portion.

26. Ankle foot orthosis, according to one or more of claims 17 to 25, characterized in
that said medial gripping members comprise controlled-movement articulation means,
said articulation means allowing a limited and reversible displabement in the sagittal
plane of said medial gripping members with respect to said sole-piece, said displacement
favouring flexing of the ankle, said articulation means also causing the elastic return into
the initial condition when the cause of the stress ceases.

27. Ankle foot orthosis, according to one or more of claims 17 to 26, characterized in
that said articulation means comprise é first resilient hinge formed substantially along the
side portion of said shapéd lever which can be associated with the ankle, said side
portion being substantially parallel to the antero-posterior plane.

28. Ankle foot orthosis, according to one or moré of claims 17 to 27, characterized in
that said first resilient hinge comprises a first pair of arms arranged on top of each other
and coupled rotably together, the arms of said first pair being constrained by a first spring
and being respectively connected to said shaped lever and to said rigid portion.

29. Ankle foot orthosis, according to one or more of claims 17 to 28, characterized in
that said articulation means comprise a second resilient hinge formed substantially along
the central portion of said shaped lever which can be associated with said ankle, said

central portion being substantially parallel to the frontal plane and transverse to said
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antero-posterior plane.

30. Ankie foot orthosis, according to one or more of claims 17 to 29, characterized in
that said first sliding hinge comprises a second pair of arms arranged on top of each
other and coupled together telescopically, the arms of said second pair being constrained
by a restraining device and being respectively connected to said apical portion and to
said terminal portion of said shaped lever.

31. Ankle foot orthosis, according to one or more of claims 17 to 30, characterized in
that it comprises adjustable stiffening means which are associated with the points where
there is greatest flexing of said orthosis structure.

32. Ankle foot orthosis, according to one or more of claims 17 to 33, characterized in
that said adjustable stiffe.ning means comprise at least one rigid slider which can be
associated with said central portion of said shaped lever which can be associated with

said ankle, said central portion being transverse to the antero-posterior plane.
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