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(54) A LEG EXERCISING APPARATUS

(57) A leg exercising apparatus 10 for exercising a
lower leg and/or foot of a patient, wherein a leg section
9 and a foot section 3, which are pivotable in relation to
each other, are configured to be fastened to the lower
leg 15 and foot 16 of the patient, respectively. The foot
section 3 comprises a first fixation 4 and the leg section
9 comprises a second fixation 6 at an upper part. The leg
exercising apparatus 10 further comprises an actuator

20 comprising an electromotor 5, wherein the actuator
20 is connected between the first 4 and the second fix-
ation 6 to exert a force, when activated, to rotate the leg
section 9 and the foot section 3 in relation to each other
in respect to a pivot point 1. The leg exercising apparatus
10 further comprises a power limitation arrangement 17
for controlling the electromotor 5.
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Description
Field of the invention

[0001] The invention relates to a leg exercising appa-
ratus for exercising a lower leg and/or foot of a patient,
wherein a leg section and a foot section, which are piv-
otable in relation to each other, are configured to be fas-
tened to the lowerleg and foot of the patient, respectively.
[0002] In particular, the invention relates to an appa-
ratus for exercising a human lower leg, e.g. ankle move-
ment, of a person, who in the following also will be re-
ferred to as a patient or a user, which person suffers from
deficits such as drop foot (or "foot drop"), and where the
exercising is required for example to stretch out a tense
peroneus caused by drop foot.

[0003] The leg exercising apparatus may also be used
in connection with other deficits of the human lower
leg/foot movement, ankle movements, etc.

Background of the invention

[0004] Persons suffering from drop foot may relieve
the condition and even return to a condition with normal
leg/foot movementby exercise involving stretching of e.g.
the muscles in the lower leg of the person, which muscles
are involved in ankle movement such as dorsiflexion
and/or plantar flexion. In particular the peroneus muscles
may be tense in a drop foot condition and may be exer-
cised by stretching to relieve or improve the condition.
[0005] Forthispurpose, itis known to perform a manual
exercising, i.e. performed by the patient, and manual de-
vices for facilitating a manual exercising of the leg/foot
movement are known, where the user/patient has to exert
pulling and/or pushing forces to lines, grips or similar
means.

[0006] For example, US 6,206,807 B1 relates to an
ankle exercise device, which includes a lower leg section
and a foot section, wherein the lower leg section receives
a calf portion of the lower leg of a user and wherein the
foot section receives a foot of the user. The foot section
is rotatably connected with the lower end of the lower leg
section. Furthermore, a rigid control rod is connected at
one end to the foot section and the user holds the oppo-
site end. Thus, when the user successively pushes and
pulls the control rod, the foot section is pivoted with re-
spect to the lower leg section, whereby the ankle-foot
complex is exercised.

[0007] This prior art device is thus relying on the man-
ual power of the user to perform the exercising. When
taking into consideration how strong/stiff a peroneus
muscle can be, thus requiring a considerable force to be
exerted by a user, further taking into account how often
the exercising of the peroneus muscles must be per-
formed, e.g. as much as 4-5 times per day to be effective,
it is apparent that such a manually operated device for
most users will be insufficient to provide an effective ex-
ercising and thereby relieve of a condition such a drop
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foot.

[0008] To this can be added that when stretching a
peroneus muscle, a considerable force must as men-
tioned above be exerted, but furthermore, the pulling
force must be maintained for a certain time in order to
have a relaxing and/or stretching effect on the peroneus
muscles, thus furthermore increasing the energy that is
required by a person using such a prior art device to seek
to remedy or relieve a drop foot condition.

[0009] Even further, the prior art device according to
US 6,206,807 B1 is configured in such a manner that
stability may be lacking, e.g. as regards support from the
shin bone area and down to the foot, which may also add
to the disadvantages when trying to manually exercise a
tense peroneus muscle.

[0010] Also, it is noted that such a manually operated
prior art device is difficult and even more exhausting to
use, in case the person using it is lying in bed, e.g. bed-
bound at the time when exercising, and/or is in general
lacking in arm muscle strength. Hence, a satisfactory ef-
fect can thus hardly be achieved.

[0011] A further example of a manually operated ex-
ercising apparatus is disclosed by WO 2005/089140 A2,
which relates to an apparatus for exercising the plantar
facia of the foot, i.e. a thick fibrous band of tissue running
along the bottom of the human foot. However, it is men-
tioned in this prior art document that the calf and the
hamstring muscles can be exercised as well. This prior
art apparatus comprises a first member (strap) that is
positioned under the ball of the foot, a second member
that is positioned under the toes and a third member
(strap) with an eye that is attached around the ankle. The
first and the second members are each attached to a line
and the two lines extend through the eye of the third mem-
ber. The two lines are attached to a handle that can be
gripped by the user. By pulling the handle, i.e. by the
patient using the muscles in his arm, force is applied to
the two lines, which force will cause the ankle and toes
to move upwards, i.e. dorsiflex, and thereby stretch the
plantar fascia.

[0012] The prior art apparatus as disclosed by WO
2005/089140 A2 is related with similar disadvantages as
mentioned previously in connection with US 6,206,807
B1, including in particular that this prior art device is re-
lying on the manual power of the user to perform the
exercising. Thus, when taking into consideration how
strong/stiff a peroneus muscle can be, thus requiring a
considerable force to be exerted by a user, further taking
into account how often the exercising of the peroneus
muscles must be performed, e.g. as much as 4-5 times
per day to be effective in drop foot exercising, it is appar-
ent that such a manually operated device for most users
will be insufficient to provide an effective exercising and
thereby relieve of a condition such a drop foot.

[0013] Further can be added that when stretching a
peroneus muscle, a considerable force must as men-
tioned above be exerted, but furthermore, the pulling
force must be maintained for a certain time in order to
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have a relaxing and/or stretching effect on the peroneus
muscles, thus furthermore increasing the energy that is
required by a person using such a prior art device to seek
to remedy or relieve a drop foot condition.

[0014] Even further, the prior art device according to
WO 2005/089140 A2 is also configured in such a manner
that stability apparently will be lacking, which may also
add to the disadvantages when trying to manually exer-
cise for example a tense peroneus muscle.

[0015] Also, it is noted that such a manually operated
prior art device is difficult and even more exhausting to
use, in case the person using it is lying in bed, e.g. bed-
bound at the time when exercising, and/or is in general
lacking in arm muscle strength. Hence, a satisfactory ef-
fect can thus hardly be achieved.

[0016] For both of the above-mentioned prior art de-
vicesitis apparent that since they are manually operated,
it will be difficult for most patients to perform exercises
that will have a desired effect, when e.g. dealing with
drop foot conditions, peroneus muscles, etc., since the
required amount of energy in order to achieve just a small
effectis considerable. Thus, judged by experience, even
healthy persons with strong muscles, e.g. arm muscles,
will have problems with performing sustained effective
exercises of the required periods, and the problems will
be even larger for patients with weakened arm muscles,
weakened conditions in general, etc.

[0017] Further, US 2013/0040782 A1 discloses exer-
cise equipment intended for exercising legs of a person,
i.e. by stretching or retraction. This prior art apparatus
comprises a first frame and at least a first foot platform,
which is rotatable fastened and arranged for exercising
e.g. muscles at the back side of the leg, while the leg is
supported by a leg support with support pads, which are
arranged to support at the front side of the legs at or
above knee level.

[0018] Thus, there is a need for improvements as re-
gards such exercise devices which can be used by a
patient to exercise a human lower leg, e.g. ankle move-
ment, etc., forexample a patient, who suffers from deficits
such as drop foot (or "foot drop"), and where the exer-
cising is required for example to stretch out a tense per-
oneus caused by drop foot.

[0019] Also, there is a need for improvements as re-
gards such exercise devices which can be used by a
patient in connection with other deficits of the human low-
er leg/foot movement, ankle movements, etc.

[0020] In particular, there is a need for such an exer-
cising device or apparatus, by which the patient can stim-
ulate, stretch, or the like a particular muscle such as a
peroneus muscle with a necessary or required amount
of force, e.g. in order to treat a drop foot condition, no
matter whether the patient is strong or is more or less
weakened, e.g. as regards arm muscles.

[0021] Further, there is a need for such an exercising
device or apparatus, by which the patient can stimulate,
stretch, or the like a particular muscle such as a peroneus
muscle with a necessary or required amount of force for
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a required time, e.g. maintaining the force until the de-
sired stretching effect has been achieved, e.g. in order
to treat a drop foot condition, no matter whether the pa-
tientis strong oris more orless weakened, e.g. as regards
arm muscles.

[0022] Even further, it is an object of the invention to
provide such an exercising apparatus, which can be used
in an uncomplicated manner by the patient, and whereby
the exercises can be performed by the patient with the
necessary exercising forces and for the necessary peri-
ods of time in order to achieve the desired effect.
[0023] Also, it is an object of the invention to provide
such an apparatus, which can be used by the patient in
a safe and secure manner, while still allowing a neces-
sary maximum of force to be applied to the e.g. foot and/or
leg muscles, tendons, etc. of the patient.

[0024] These and other objects are achievable by the
invention as explained in further detail in the following

Summary of the invention

[0025] The invention relates to a leg exercising appa-
ratus for exercising a lower leg and/or foot of a patient,
wherein a leg section and a foot section, which are piv-
otable in relation to each other, are configured to be fas-
tened tothe lower leg and foot of the patient, respectively,
characterized in that

- the foot section comprises a first fixation and the leg
section comprises a second fixation at an upper part,

- the leg exercising apparatus further comprising an
actuator comprising an electromotor, said actuator
being connected between said first and said second
fixation to exert a force, when activated, to rotate the
leg section and the foot section in relation to each
other in respect to a pivot point, and

- the leg exercising apparatus further comprising a
power limitation arrangement for controlling the elec-
tromotor.

[0026] Hereby, it is achieved that a leg exercising ap-
paratus is provided, by means of which a necessary ex-
ercising force can be applied to the lower leg/foot com-
plex of the patient, e.g. for example a stretching force
that can be applied to the peroneus muscle of the patient,
which force is provided by the electromotor of the actuator
arrangement. Thus, the exercise efficiency is not related
to the actual muscle power of the patient and a required
force can be applied in an easy and uncomplicated man-
ner.

[0027] It is noted that the exercising that can be per-
formed by the apparatus according to the invention, e.g.
stretching involving rotation of the leg/ankle complex,
may involve a variety of muscles, tendons, etc. in the
leg/ankle complex. Herein, the peroneus muscle is men-
tioned as a particular example, but it will be understood
that the exercising may apply to e.g. other muscles in the
leg, calf portion, foot, etc.
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[0028] Further, by having the power limitation arrange-
ment for controlling the electromotor, the safety of the
patient is ensured in that it can be prohibited that e.g. a
peroneus muscle is stretched with an undesirable oreven
damaging high force, no matter whether this might be
due to a faulty operation of the apparatus or because the
patient may not be able to feel when a load on a muscle
is too great. In such instances the power limitation ar-
rangement will control the electromotor to reduce the ap-
plied force, e.g. to a limit that has been set, or to stop
applying a force. Thus, this arrangement may also be
used as an end stop. As regards the set limit (or limits),
this may have been done in advance by e.g. a health
service person or by the patient him- or herself. Also, it
is noted that the limit (or limits) may be adjusted, e.g. in
the course of an exercise sequence.

[0029] Itis noted that the actuator comprising the elec-
tromotor is connected between the upper part of the leg
section and the foot section and that thus the leg section
and the foot section will be rotated towards each other,
when the electromotor is controlled to move in one direc-
tion and that the leg section and the foot section will be
rotated away from each other, when the electromotor is
controlled to move in the opposite direction, thus applying
corresponding forces on the respective parts of the leg
and foot muscles, tendons and other parts. It is noted
that it is a possibility that the electromotor may be con-
trolled to move in one direction only, but preferably it can
be moved in both directions.

[0030] According to an embodiment, the actuator may
comprise an actuator link, rod or the like operably con-
nected to the electromotor, said actuator link, rod or the
like being connected to said first fixation and said elec-
tromotor being connected to said second fixation or vice
versa.

[0031] Thus, it will be seen that the electromotor may
exerts its effect via a rigid element such as a rod that may
be telescopic or the like and that the electromotor may
push as well as pull. Also, a flexible link may be used
instead, e.g. a wire or line, whereby usually a pulling ef-
fect only can be applied. As regards the electromotor
itself, this may preferably be located near the upper part
of the leg section, i.e. connected to the second fixation,
or it may alternatively be located near the foot section.
[0032] According to an embodiment, the leg section
may comprise a bracket at an upper part, and wherein
said second fixation may be arranged in connection with
said bracket.

[0033] The bracket may advantageously serve for pro-
viding a stable connection and fixation point for the elec-
tromotor and whereby the electromotor may effect the
leg section with a maximum of torque in respect to the
pivot point.

[0034] According to an embodiment, the bracket may
be loop-shaped and be configured to be releasable
and/or adjustable.

[0035] Hereby, the bracket may serve to accommo-
date the leg of the user as the bracket is looping around
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the user’s leg, when the apparatus is mounted on the
user. The bracket is configured to be opened, when the
user puts the apparatus on the leg, and subsequently
closed and possibly adjusted to conform to the user’s leg
size. Similarly, the removal of the apparatus is facilitated.
[0036] Accordingtoanembodiment, the leg exercising
apparatus may further comprise a mechanical foot plate
being arranged in connection with the foot section.
[0037] As regards the mechanical foot plate being ar-
ranged in connection with the foot section, it is noted that
by use of this a possible adjustment of the travel of the
foot section is achievable, e.g. in case the travel of the
actuator at some point in time during the exercises is
insufficient. This can for example be the case, when e.g.
the stretch of the peroneus muscle and/or the increased
ankle movement allows the foot to be rotated more to-
wards the leg, in which case the foot plate can be adjusted
to an increased height above the foot section, e.g. at the
toe area.

[0038] According to an embodiment, the leg section is
configured to accommodate at least a part of a calf part
of the lower leg of the patient, the leg section having a
front part having an essentially concave sectional shape
facing the lower leg and a corresponding essentially con-
vex rear part.

[0039] Hereby, it is achieved that the leg section is
made in a form that has inherent strength and which is
user-friendly, e.g. since it conforms to the lower leg of
the user. Also, it is hereby achieved that an increased
stability and rigidity of the leg section as such and the
apparatus in general is achieved. Further, a desirable
optimal transfer of force between the leg section and the
user’s leg is achieved.

[0040] According to an embodiment, the second fixa-
tion may be arranged facing the front of the leg section,
for example arranged on the bracket, and with the first
fixation correspondingly arranged on a forward facing
part of the foot section.

[0041] Hereby, a straightforward and efficient arrange-
ment is achieved, whereby the force of the actuator is
transferred to the leg section and the foot section to rotate
the two parts relatively with respect to the pivot point, in
a relatively simple manner.

[0042] According to an embodiment, the second fixa-
tion may be arranged to the rear of the leg section and
wherein the first fixation correspondingly is arranged on
a rearward facing part of the foot section to the rear of
the pivot point.

[0043] According to this alternative embodiment, the
bracket need not be a loop-shaped element, which the
user has to open, when mounting or when removing the
apparatus. Thus, when the electromotor is located at the
rear, a more user-friendly embodiment may be achieved
in this aspect. Further, since the first fixation according
to thisembodiment is located to the rear of the pivot point,
e.g. on a small rearward facing extension of the foot sec-
tion, it is achieved that a certain amount of travel of the
actuator/electromotor will result in a relatively large rota-
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tion of the foot section in relation to the leg section, e.g.
a larger gearing as compared with the arrangement
where the electromotor is arranged at the front part.
[0044] According to an embodiment, the foot section
may comprise a foot fastener and said leg section may
comprise a lower leg fastener.

[0045] Hereby, itis achieved that the two sections are
fastened to the user in such a manner that the exerted
force provided by the electromotor can be transferred to
the leg and foot of the user in an efficient manner.
[0046] According to an embodiment, the foot fastener,
for example in the form of a strap, may be located near
the pivot point, and wherein said lower leg fastener, for
example in the form of a strap, may be located at the shin
area of the leg section.

[0047] Hereby, itis achieved that the two sections are
fastened to the user in a particular efficient manner, e.g.
whereby the exerted force provided by the electromotor
can be transferred to the leg efficiently, since the leg and
foot of the user will be in a preferred position with the
lower leg fastener near the ankle rotation axis and with
the foot fastener near the pivot point of the apparatus,
whereby the foot is effectively secured from e.g. being
lifted from the foot section, e.g. when the foot section and
the leg section are forced to be rotated towards each
other.

[0048] According to an embodiment, the leg section is
provided in at least two different sizes.

[0049] Hereby, itis achieved that the exercising appa-
ratus can be provided to a user in an optimal size, cor-
responding to the actual size, e.g. the height of the lower
leg, of the user. This is of importance since the actuator
and the electromotor will exert its force to an upper part
of the leg section and the higher the leg section is, the
larger the torque exerted on the leg section will be. How-
ever, it is also of importance that the leg section has a
length so that it does not reach the height of the back of
the knee, which otherwise could cause irritation to the
user by the bracket and/or the second fixation.

[0050] The leg sections may for example be provided
in three different lengths, e.g. small, medium and large.
Further options may be available, also as regards the
width of the leg sections.

[0051] According to an embodiment, the mechanical
foot plate and/or said foot section may be provided with
a support area and support length corresponding at least
to the foot of the patient, e.g. including the whole length
as well as the whole width of the foot.

[0052] Hereby, it is achieved that the force that is ap-
plied to the foot by the foot section, is transferred to the
foot in total and not only to e.g. the toes or the ball of the
foot as is the case with e.g. the prior art device according
to WO 2005/089140 A2.

[0053] According to an embodiment, at least one of
said

- leg section,
- foot section,
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- mechanical foot plate,
- first fixation.

- second fixation and

- bracket

may be made partially or totally of a synthetic material
such as hard plastic material,e.g. polyamide or other sim-
ilar materials, carbon fiber material, etc.

[0054] Hereby, it is achieved that the apparatus may
be fabricated in relatively light materials while still pro-
viding the necessary strength, durability, etc. Further-
more, the respective elements may hereby be formed to
conform to the foot and leg of the user, thus improving
comfort and user-friendliness. Even further, some of the
elements may be padded, covered with soft material, etc.
in order to further facilitate comfort.

[0055] According to an embodiment, the power limita-
tion arrangement for controlling the electromotor is con-
figured to limit the exerted force and/or to stop the elec-
tromotor.

[0056] Hereby, it is achieved that the safety of the pa-
tient or user is ensured in that it can be prohibited that
e.g. a peroneus muscle is stretched with an undesirable
or even damaging high force, no matter whether this
might be due to a faulty operation of the apparatus or
because the patient may not be able to feel when a load
on a muscle is too great. In such instances the power
limitation arrangement will control the electromotor to re-
duce the applied force, e.g. to a limit that has been set,
or to stop applying a force. Thus, this arrangement may
also be used as an end stop. As regards the set limit (or
limits), this may have been done in advance by e.g. a
health service person or by the patient him- or herself.
Also, it is noted that the limit (or limits) may be adjusted,
e.g. in the course of an exercise sequence.

[0057] According to an embodiment, the power limita-
tion arrangement for controlling the electromotor is con-
figured to limit the exerted force

- within an interval around 100 N to 3000 N,

- in an alternative form within an interval around 100
N to 1000 N, and

- in afurther alternative form within an interval around
100 N to 700 N.

[0058] Hereby, itis achieved that suitable levels of lim-
itation can be set, e.g. in view of the patient, in view of
the abnormal condition, which it is intended to remedy
by exercising, etc. However, other intervals, wherein the
exerted force can be set and/or adjusted, are possible.
Also, itis noted that other manners of controlling the load
transferred to the patient via the power limitation arrange-
ment are possible.

[0059] According to an embodiment, the leg exercising
apparatus may be controllable via a control device, said
control device being a wireless control device, e.g. using
e.g. infrared, ultrasonic, radio frequency transmission
means, etc., in particular a mobile communication device
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such as a smartphone, comprising an application pro-
gram (app) for facilitating control of the leg exercising
apparatus.

[0060] Hereby, it is achieved that the leg exercising
apparatus can be operated in a particular user-friendly
manner, in particular in case a standard smartphone or
the like is used for the control operations, which for ex-
ample can be performed by downloading an application
program, i.e. an app designed for the purpose, to the
user’s own smartphone. Hereby, the user can operate
the leg exercising apparatus simply by using the input
options of the smartphone, e.g. operating the actuator to
pull or push, increasing or reducing the force exerted by
the electromotor, etc. Further options will be available,
e.g. the option that upper limit(s) for pulling or pushing
forces exerted by the electromotor can be input in the
smartphone app, thereby making it easy to adapt the leg
exercising apparatus to the individual users and to per-
sonalize the control system to perform in an optimal man-
ner.

[0061] Furthermore, it will be possible to have the
smartphone app control and perform relatively compli-
cated operations such as performing exercising actions,
e.g. exerting a pulling force of a certain magnitude for a
certain period and then releasing the force. Even further,
it is possible to have the smartphone application perform
predefined exercising sequences comprising a number
of exercising actions, etc. which all may be adapted spe-
cifically to the actual user, e.g. based on input from a
specialized health care person.

[0062] Hereby, the leg exercising apparatus can pro-
vide an even better effect on a patient over a relatively
short time due to the consistent and precise exercises
being performed in an optimal manner.

[0063] Accordingtoanembodiment, the leg exercising
apparatus may comprise a battery power supply integrat-
ed with the actuator, e.g. the electromotor, which battery
power supply may be rechargeable and may be in the
form of a power bank.

The figures

[0064] The invention will be explained in further detail
below with reference to the figures of which

Fig. 1 shows, seen from a side, an example of
a leg exercising apparatus according to
an embodiment of the invention with the
leg exercising apparatus placed on a low-
er leg and foot of patient, where the leg
exercising apparatus does not exert a
force on the lower leg and foot of the pa-
tient,

corresponds to fig. 1, but showing a sce-
nario where the leg exercising apparatus
exerts a force on the lower leg and foot of
the patient, e.g. applying a pulling force
betweenthe footandthe lowerleginorder

Fig. 2
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to stretch a tense peroneus, which may
be caused by drop foot,

shows an example of a power supply and
a control device for controlling the opera-
tion of a leg exercising apparatus accord-
ing to an embodiment of the invention,
is a block diagram illustrating an example
of the power supply to the actuating
means of the leg exercising apparatus ac-
cording to an embodiment of the inven-
tion, which comprises a power limitation
arrangement,

is a block diagram corresponding to fig.
4, butillustrating an embodiment, wherein
a remote control, mobile communication
unit or the like is utilized,

is a block diagram corresponding to fig.
5,i.e.illustrating an embodiment, wherein
a remote control, mobile communication
unit or the like is utilized, but wherein fur-
thermore the power supply may be in the
form of a battery,

show a leg exercising apparatus essen-
tially as disclosed in figs. 1 and 2, wherein
further the actuator is controlled via a re-
mote control, e.g. a smartphone or the
like,

show a similar leg exercising apparatus,
wherein it is shown that the actuator can
be located to the rear of the apparatus,
show embodiments wherein the actuator
may be placed in a position with the elec-
tromotor near the foot section,

shows an embodiment indicating curva-
ture of the leg section in the vertical direc-
tion in addition to being curved in the
transverse direction, and

shows an embodiment of an adjustable
mechanical foot plate.

Fig. 3

Fig. 4

Fig. 5

Fig. 6

Figs. 7-8

Figs. 9-10

Figs. 11-12

Fig. 13

Fig. 14

Detailed description

[0065] Fig. 1 shows, seen from a side, an example of
aleg exercising apparatus, which generally is designated
10, according to an embodiment of the invention. The leg
exercising apparatus 10 is positioned on a person (which
will also be referred to as a user or a patient), i.e. with
the leg exercising apparatus 10 placed on a lower leg 15
and a foot 16 of the patient. In the illustrated position, the
leg exercising apparatus does not exert a force on the
lower leg 15 and foot 16 of the patient.

[0066] The leg exercising apparatus 10 comprises a
foot section 3 and a leg section 9, which are pivotably
connected to each other at a pivot point 1. The pivot point
1 may be in the form of a hinge or the like, where a bolt
defines the pivot point, e.g. an axle linking the two sec-
tions together. The leg section 9 nay also be referred to
as a vertical section, due to its general position when the
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patient is standing up, but it is apparent that the leg ex-
ercising apparatus may also be used with the leg in other
positions, e.g. with the patient sitting down and the leg
in an inclined position, with the patient lying down and
the leg essentially horizontal, etc. Thus, preferably, the
term leg section 9 will be used in the following.

[0067] As shown in fig. 1, the foot section 3 extends
from the pivot point 1 forwards along the whole length of
the foot 16 and to a position forward of the foot. Here,
the foot section 3 comprises a first fixation 4, to which an
actuator 20 can be connected as it will be explained fur-
ther below. Further, the foot section 3 comprises a foot
fastener 2, which as shown may be in the form of a re-
leasable strap or the like, that can be applied around and
possible tightened around the foot 16. The foot fastener
2 is preferably located near the pivot point 1 in order to
hold the foot securely to the foot section 3 during exer-
cises.

[0068] As further shown infig. 1, the leg section 9 com-
prises a second fixation 6 that is located at an upper part
of the leg section 9, e.g. near the knee of the patient. In
the shown embodiment, the second fixation 6 is located
in connection with a bracket 7, e.g. on a forward facing
part of the bracket 7. This bracket 7 may thus serve to
accommodate the leg 15 of the user as the bracket 7 is
arranged around the user’s leg 15, when the apparatus
10 is mounted on the user. The bracket 7 is configured
to be opened, when the user puts the apparatus on the
leg, and subsequently closed and possibly adjusted to
conformtothe user’s leg size. Similarly, when the bracket
7 is opened, the leg exercising apparatus 10 can be re-
moved. An actuator 20 can be connected to the second
fixation 6 as it will be explained further below.

[0069] Further, the leg section 9 comprises a lower leg
fastener 8, which as shown may be in the form of a re-
leasable strap or the like, that can be applied around and
tightened around the foot 15 of the user. The lower leg
fastener 8 is preferably located at the shin area of the leg
section 9, e.g. near the ankle rotation axis, whereby the
leg can be effectively secured during exercises.

[0070] Thelegexercisingapparatus 10also comprises
an actuator that generally is designated 20, which actu-
ator 20 comprises an electromotor 5 connected to an
actuator link, rod or the like 21, which in fig. 1 is shown
as an extendable rod, e.g. a telescopic rod, that extends,
when the electromotor is rotated in one direction and re-
tracts, when the electromotor 5 is reversed. The actuator
20 is connected between the first 4 and the second fix-
ation 6, e.g. via bolt connections, links or the like, which
allow rotational movement. As shown in fig. 1, the elec-
tromotor 5 is connected to the second fixation 6 and the
end of the actuator link, rod or the like 21 is connected
to the first fixation 4, but it will apparent that the reverse
is possible and that other configurations are possible as
well.

[0071] The actuator 20 is as shown arranged to exert
a force, when it is activated, e.g. via a cable control or
the like to the electromotor 5, whereby the leg section 9
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and the foot section 3 will be rotated in relation to each
other in respect to the pivot point 1. Thus, when the elec-
tromotor is driven in one direction, the leg section 9 and
the foot section 3 will be rotated towards each other and
when the electromotor 5 is driven in the opposite direc-
tion, the leg section 9 and the foot section 3 will be rotated
away from each other. In this manner a desired or nec-
essary exercising force can be applied to the lower
leg/foot complex of the patient, e.g. for example a stretch-
ing force that can be applied to the peroneus muscle of
the patient, which force can be applied in an controlled,
easy and uncomplicated manner.

[0072] Infig. 1thelegexercisingapparatus 20is shown
in a relaxed/un-activated situation. i.e. where the leg ex-
ercising apparatus does not exert a force on the lower
leg 15 and the foot 16 of the patient.

[0073] Infig.2thelegexercisingapparatus 20is shown
in a similar manner as in fig. 1 and wherein the same
reference numbers are used for the same elements, com-
ponents and features. However, in fig. 2 a scenario is
shown, where the leg exercising apparatus 20 exerts a
pulling force between the leg section 9 and the foot sec-
tion 3, thus applying a pulling force on the lower leg 15
and foot 16 of the patient, e.g. in order to stretch a tense
peroneus, which may be caused by drop foot, or in order
to perform exercising for other purposes. As shown, the
actuator link, rod or the like 21 has been retracted, while
the lower leg 15 and the foot 16 both are held stably fixed
in the respective sections 9 and 3 so that the movement
of the leg section 9 and the foot section 3 is fully trans-
ferred to the lower leg and the foot of the patient.
[0074] It is noted that in figs. 1 and 2, the patient is
shown wearing shoes and clothes, but the leg exercising
apparatus 20 may be configured for use for patients that
are un-dressed, partially un-dressed as well as fully
dressed. The various components may be adapted to
conform specifically to such different uses, e.g. as re-
gards size, padding, etc.

[0075] Furthermore, it is noted that a mechanical foot
plate (not shown in figs. 1 and 2) may be arranged in
connection with the foot section 3, e.g. between the foot
section 3 and the foot 16 of the user. Hereby, an adjust-
ment of the travel of the foot section can be achieved,
e.g. in case the travel of the actuator 20 at some point in
time during the exercises is insufficient. This can for ex-
ample be the case, when e.g. the stretch of the peroneus
muscle and/or the increased ankle movement allows the
foot 16 to be rotated more towards the lower leg 15, in
which case the foot plate can be adjusted to an increased
height above the foot section 3, e.g. at the forward part,
at the toe area, etc.

[0076] As regards the leg section 9, this is shown in
figs. 1 and 2 having a form configured to accommodate
at least a part of a calf part of the lower leg 15 of the
patient. Further, it is indicated that the leg section 9 has
a front part having an essentially concave sectional
shape, which faces the lower leg 15, and a corresponding
essentially convex rear part. Also, it will be apparent to
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a skilled person that the leg section 9 may be curved in
the vertical direction, e.g. to conform to the shape of the
calf of the leg 15.

[0077] Thus, the leg section 9 has a stable, strong and
user-friendly form, which serves to provide a desirable
optimal transfer of force between the leg section 9 and
the user’s lower leg 15.

[0078] The length, e.g. the length from the heel to the
upper end of the leg section 9 may depend on the actual
user and for this purpose the leg section 9 may be pro-
vided in a number of sizes, e.g. atleast two different sizes
and possibly in three (or more) different lengths, e.g.
small, medium and large. The importance of a correct
length resides in e.g. that the actuator 20 and the elec-
tromotor 5 will exert its force to an upper part of the leg
section 9 and the higher the leg section 9 is, the larger
the torque exerted on the leg section. However, it is also
of importance that the leg section has a length so that it
does not reach the height of the back of the knee, which
otherwise could cause irritation to the user e.g. due to
the bracket 7, due to the upper edge of the leg section,
due to the second fixation 6, etc.

[0079] Furthermore, it is noted that the various com-
ponents and features of the leg exercising apparatus 20,
such as e.g. the leg section 9, the foot section 3, the
mechanical foot plate, the first fixation 4, the second fix-
ation 6 and the bracket 7 may be made partially or totally
of a suitable synthetic material such as hard plastic ma-
terial, carbon fiber material, etc. A material such as polya-
mide can be used as well as other plastic materials having
the necessary properties. However, it is noted that metal
parts may be used as well, e.g. light alloys, aluminum,
etc. Thus, the apparatus may be fabricated in relatively
light materials while still providing the necessary
strength, durability, etc. The respective elements may be
formed to conform to the foot and leg of the user, thereby
improving comfort and user-friendliness. Some of the el-
ements may be padded, covered with soft material, etc.
in order to further facilitate user comfort.

[0080] As it has been indicated in figs. 1 and 2, the
electromotor 5 of the actuator 20 is controlled and sup-
plied with electric power via an electrical cable or cord.
However, it is noted that the electromotor 5 and the leg
exercising apparatus 10 in general can be supplied with
electric power from a battery, e.g. arechargeable battery
such as a power bank, which may be integrated with the
actuator, e.g. with the electromotor 5.

[0081] Features of the control system will be further
explained with reference to fig. 3, which shows an exam-
ple of a power supply, e.g. a power supply converter 12,
and a control device 13 for controlling the operation of a
leg exercising apparatus 20 according to an embodiment
of the invention.

[0082] Here, it is shown that the power supply is in the
form of a power supply converter 12 of the type that plugs
directly into a mains power supply, e.g. a 220 or 230 V
AC mains power supply and converts the voltage to a
suitable level, e.g. 12 V, which is led to the electromotor
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via further control arrangements, which e.g. includes a
power limitation arrangement. As mentioned above, a
battery supply may be used instead. Further, the control
system comprises a control device 13, which as shown
may be a handheld device having an actuating input de-
vice 14 for operating the electromotor 5. This actuating
input device 14 may for example as shown be a two-way
switch, atoggle switch, a joy-stick or the like, which, when
moved in one direction (e.g. towards +) may actuate the
electromotor 5 to exert a pulling force between the leg
section 9 and the foot section 3 and when moved in the
other direction (e.g. towards -) may actuate the electro-
motor 5 to release the pulling force between the leg sec-
tion 9 and the foot section 3 and rotate these away from
each other, e.g. by exerting a pushing force.

[0083] As shown, the control device 13 is in fig. 3 con-
nected via electric cords to e.g. the power supply con-
verter 12, the electromotor 5 and to further control ar-
rangements, e.g. including a power limitation arrange-
ment. It is noted, though, that the control may be per-
formed wirelessly, e.g. using a remote control device, by
means of which control signals can be transmitted from
(and to) a handheld device to e.g. the actuator 20, e.g.
via infrared, radio-frequency, ultrasonic, etc. signals as
it will be obvious to a skilled person.

[0084] However, according to an embodiment of the
invention, the actuator 20 may be controlled via an app
that is stored to a smartphone, whereby the user can
control the leg exercising apparatus 20 using his or her
smartphone, e.g. via a Bluetooth link or the like. Hereby,
it will also be possible to adapt the control system and
the control parameters in an uncomplicated manner, i.e.
by inputting such operation parameters via the smart-
phone app, e.g. by setting power limitation limits in the
app. Furthermore, it will be possible to have the smart-
phone app control and perform relatively complicated op-
erations such as performing exercising actions, e.g. ex-
erting a pulling force of a certain magnitude for a certain
period and then releasing the force. Even further, it is
possible to have the smartphone application perform pre-
defined exercising sequences comprising a number of
exercising actions, etc. which all may be adapted specif-
ically to the actual user, e.g. based on input from a spe-
cialized health care person.

[0085] Fig. 4 is a block diagram illustrating an example
of the power supply to the actuating means of the leg
exercising apparatus 10 according to an embodiment of
the invention, which comprises a power limitation ar-
rangement. Here, it is illustrated that the power supply
11, e.g. a mains 230 V power supply, may be coupled
directly to a power supply converter 12, e.g. a 230/12 V
AC transformer as mentioned in connection with fig. 3.
The 12 V supply may be led to the electromotor 5 via the
control device 13 as discussed above in connection with
fig. 3, whereby the control device 13 may serve as a
switch for controlling the electromotor to expand or retract
the actuator rod 21 (or stop the electromotor in the middle
position). It is apparent that more complex control devic-
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es can be used, e.g. with the ability to control power sup-
plied to the electromotor and thus also controlling the
exerted force.

[0086] As shown in fig. 4, a power limitation arrange-
ment 17 is arranged in connection with the control sys-
tem, which comprises a force- and/or power measure-
ment unit 18. This force- and/or power measurement unit
18 may for example comprise a wattmeter for measuring
the electric power that is supplied to the electromotor 5
(as shown by the line leading from electromotor 5 to the
unit 18), which may serve to indicate the force exerted
by the electromotor 5. Thus, a comparison can be made
with certain set limits and in case a limit is exceeded, the
electromotor can be controlled to reduce the force exert-
ed or even stop (as shown by the line leading from the
unit 18 to the electromotor 5). Instead or in addition, the
force- and/or power measurement unit 18 may measure
directly on the actuator link, rod or the like 21, e.g. by
measuring the force exerted, and the measurement may
be led to the unit 18, where a comparison can be made
with certain set limits as mentioned above. Again, in case
a limit is exceeded, the electromotor 5 can be controlled
to reduce the force exerted or even stop (as shown by
the line leading from the unit 18 to the electromotor 5).
The limit or limits may preferably be adjustable, e.g. in
order to be set to suit the individual persons.

[0087] The above-mentioned power- and/or force lim-
iting arrangement may also serve as end stop for the
actuator, e.g. because the electric effect delivered to the
electromotor 5 will change characteristically, when
reaching the end of travel, which thus can effect that the
power to the electromotor is switched off. Other arrange-
ments, e.g. arrangements for achieving an end stop are
possible, including arranging sensors, mechanical end
stop switches, etc.

[0088] Itis noted that the power limitation arrangement
17 including the force- and/or power measurement unit
18 can be integrated within a housing containing the elec-
tromotor 5, e.g. as illustrated in figs. 1 and 2.

[0089] The power limitation arrangement 17 for con-
trolling the electromotor may for example be set or ad-
justed to limit the exerted force

- within an interval around 100 N to 3000 N (corre-
sponding to app. 10 kg to 300 kg),

- in an alternative form within an interval around 100
N to 1000 N (corresponding to app. 10 kg to 100 kg),
and

- inafurther alternative form within an interval around
100N to 700N (corresponding toapp. 10 kg to 70 kg).

[0090] Other intervals may be possible. Thus, suitable
levels of limitation can be set, e.g. in view of the patient,
in view of the abnormal condition, which it is intended to
remedy by exercising, etc.

[0091] Infig.5ablock diagramis shown corresponding
tofig. 4, butillustrating an embodiment, wherein a remote
control, mobile communication unit or the like 19 is uti-
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lized. Here, the control device 13 does not have any ac-
tuating input means, e.g. for being manually operated by
the user, butthe control device 13 here serves as receiver
for wireless control signals transmitted from a remote
control, mobile communication unit or the like 19. Sub-
sequently, the control device 13 will control the actuator
system accordingly. The control device 13 is here also
included in the power limitation arrangement 17, since
for example limit values for the exerted force may be
input wirelessly, e.g. input by the remote control, mobile
communication unit or the like 19 and set up via the con-
trol device 13.

[0092] As mentioned, such a wireless control device
may use e.g. infrared, ultrasonic, radio frequency trans-
mission means, etc., and in particular a mobile commu-
nication device such as a smartphone, comprising an
application program (app) for facilitating control of the leg
exercising apparatus, may be utilized in connection with
fig. 5.

[0093] The such configured leg exercising apparatus
can be operated in a particular user-friendly manner, in
particular in case a standard smartphone or the like is
used for the control operations, which for example can
be performed by downloading an application program,
i.e. an app designed for the purpose, to the user’s own
smartphone. Hereby, the user can operate the leg exer-
cising apparatus simply by using the input options of the
smartphone, e.g. operating the actuator to pull or push,
increasing or reducing the force exerted by the electro-
motor, etc. Further options will be available, e.g. the op-
tion that upper limit(s) for pulling or pushing forces exert-
ed by the electromotor can be input in the smartphone
app, thereby making it easy to adapt the leg exercising
apparatus to the individual users and to personalize the
control system to perform in an optimal manner.

[0094] Furthermore, it will be possible to have the
smartphone app control and perform relatively compli-
cated operations such as performing exercising actions,
e.g. exerting a pulling force of a certain magnitude for a
certain period and then releasing the force. Even further,
itis possible to have the smartphone application perform
predefined exercising sequences comprising a number
of exercising actions, etc. which all may be adapted spe-
cifically to the actual user, e.g. based on input from a
specialized health care person.

[0095] Infig.6ablockdiagram is shown corresponding
tofig. 5, i.e. illustrating an embodiment, wherein a remote
control, mobile communication unit or the like 19 is uti-
lized, butinfig. 6itis furthermoreillustrated thatthe power
supply 11 need not be connected to a mains power sup-
ply, but may be in the form of a battery, e.g. a recharge-
able battery such as a power bank or the like. Thus, power
converter, plugs, wires, cables, etc. can be avoided and
the power from the battery supply can be led directly to
the control device 13. With this embodiment the power
supply 13 in the form of a battery supply can be integrated
with the electromotor 5, the control device 13, and e.g.
the circuitry of the power limitation arrangement 17 in a
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common housing, which will add to the user-friendliness
of the leg exercising apparatus.

[0096] Further embodiments and details of the leg ex-
ercising apparatus will be explained in the following with
reference to figs. 7-14, wherein a leg exercising appara-
tus is shown in a schematic manner in a side view. Also,
the leg exercising apparatus is shown in connection with
a lower leg 15 and a foot 16 of a person shown in a
schematic manner in dotted lines, where it is indicated
that the person is wearing a shoe. As mentioned previ-
ously, though, the leg exercising apparatus may be used
without wearing shoes.

[0097] In figs. 7-14 the same reference numbers are
used for the same elements, components and features
as in the previous figures, in particular figs. 1 and 2. Thus,
these will not be explained in further detail in connection
with figs. 7-14.

[0098] In fig. 7 a leg exercising apparatus essentially
as disclosed in figs. 1 and 2 is illustrated, but wherein the
actuator 20 is controlled via a remote control 19, e.g. a
smartphone or the like, which can communicate with re-
ceiving means (not shown) in e.g. the electromotor 5. In
this manner the electromotor 5 can be controlled to retract
or extend the actuator link, rod or the like 21 as shown
with the double-arrow, e.g. in order to pull the leg section
9 and the foot section 3 towards each other as ithas been
explained above.

[0099] Such a scenario has been illustrated in fig. 8,
where the leg section 9 and the foot section 3 have been
rotated towards each other.

[0100] In figs. 9 and 10 a similar leg exercising appa-
ratus is shown, but wherein it is shown that the actuator
20 can be located to the rear of the apparatus, e.g. behind
the leg section 9. Here, the foot section 3 has been ex-
tended rearwards and the first fixation 4 has been moved
to this location. Also, the second fixation 6 has been
moved to the rear of the leg section 9 at the upper part
of the leg section. Thus, it is a possibility that the bracket
7 can be avoided as shown with dotted lines. The actuator
20 is thus connected between the first 4 and the second
fixation 6, whereby an extension of the actuator link, rod
or the like 21 will result in a relative rotation of the foot
section 3 towards the leg section 9, which is shown in
fig. 10, and vice versa.

[0101] Further options as regards the configuration of
the actuator 20 in relation to the leg exercising apparatus
as such is illustrated in figs. 11 and 12, where fig. 11
essentially corresponds to fig. 7 and where fig. 12 essen-
tially corresponds to fig. 9. Infigs. 11 and 12 itis however
shown that the actuator 20 may be placed in a position
with the electromotor 5 near to the foot section 3, which
may have advantages as regards e.g. a lower center of
gravity, greater user comfort due to the weight of the elec-
tromotor 5 being placed in a lower position, etc.

[0102] In fig. 13, which essentially corresponds to fig.
7, itis indicated that the leg section 9 in addition to being
curved in the transverse direction, e.g. by having a front
part having an essentially concave sectional shape fac-
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ing the lower leg and a corresponding essentially convex
rear part, can be curved in the vertical direction to ac-
commodate to the lower leg 15 of the user. Also, it will
be seen from this figure as well as the previous that the
leg section 9 has a curved form down to the pivot point
1, thereby also enclosing a portion of the heel of the user,
which furthermore facilitates a stable and rigid configu-
ration.

[0103] Infig. 14, which also essentially corresponds to
fig. 7, it is indicated that the foot section 3 may comprise
amechanical foot plate 23, located above the foot section
3 in such a manner that the distance to the user’s foot
can be adjusted by e.g. a foot plate adjustment means
24 as indicated in fig. 14. Thus, an adjustment of the
travel of the foot section 3 is achievable, e.g. in case the
travel of the actuator 20 at some point in time during the
exercises is insufficient. This can for example be the
case, when e.g. the stretch of the peroneus muscle
and/or the increased ankle movement allows the foot 16
to be rotated more towards the lower leg 15, in which
case the mechanical foot plate 23 can be adjusted to an
increased height above the foot section 3, e.g. at the toe
area.

[0104] Inthe above description, various embodiments
of the invention have been described with reference to
the drawings, but it is apparent for a person skilled within
the art that the invention can be carried out in an infinite
number of ways, using e.g. the examples disclosed in
the descriptionin various combinations, and within a wide
range of variations within the scope of the appended
claims.

List of reference numbers
[0105]

Pivot point

Foot fastener

Foot section

First fixation

Electromotor

Second fixation

Bracket

Lower leg fastener

9 Leg section

10 Leg exercising apparatus

11 Power supply

12 Power supply converter

13  Control device

14 Actuating input device

15  Lower leg of patient

16  Foot of patient

17  Power limitation arrangement

18  Force and/or power measurement

19  Remote control, mobile communication unit or the
like

20  Actuator

21 Actuator link, rod or the like
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Leg section curvature
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Claims

Aleg exercising apparatus (10) for exercising a lower
leg and/or foot of a patient, wherein a leg section (9)
and a foot section (3), which are pivotable in relation
to each other, are configured to be fastened to the
lower leg (15) and foot (16) of the patient, respec-
tively,

characterized in that

- the foot section (3) comprises a first fixation (4)
and the leg section (9) comprises a second fix-
ation (6) at an upper part,

- the leg exercising apparatus (10) further com-
prising an actuator (20) comprising an electro-
motor (5), said actuator (20) being connected
between said first (4) and said second fixation
(6) to exert a force, when activated, to rotate the
leg section (9) and the foot section (3) in relation
to each other in respect to a pivot point (1), and
- the leg exercising apparatus (10) further com-
prising a power limitation arrangement (17) for
controlling the electromotor (5).

The leg exercising apparatus according to claim 1,
wherein said actuator (20) comprises an actuator
link, rod or the like (21) operably connected to the
electromotor (5), said actuator link, rod or the like
(21) being connected to said first fixation (4) and said
electromotor (5) being connected to said second fix-
ation (6) or vice versa.

The leg exercising apparatus according to claim 1
or 2, wherein said leg section (9) comprises a bracket
(7) atan upper part, and wherein said second fixation
(6) is arranged in connection with said bracket (7),
wherein said bracket (7) may be loop-shaped and
may be configured to be releasable and/or adjusta-
ble.

The leg exercising apparatus according to any one
of claims 1-3, further comprising a mechanical foot
plate (23) being arranged in connection with the foot
section (3).

The leg exercising apparatus according to any of
claims 1-4, wherein said leg section (9) is configured
to accommodate at least a part of a calf part of the
lower leg (15) of the patient, the leg section having
a front part having an essentially concave sectional
shape facing the lower leg and a corresponding es-
sentially convex rear part.
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The leg exercising apparatus according to claim 5,
wherein said second fixation (6) is arranged facing
the front of the leg section (9), for example arranged
on the bracket (7), and with the first fixation (4) cor-
respondingly arranged on a forward facing part of
the foot section (3).

The leg exercising apparatus according to claim 5,
wherein said second fixation (6) is arranged to the
rear of the leg section (9) and wherein the first fixation
(4) correspondingly is arranged on a rearward facing
part of the foot section (3) to the rear of the pivot
point (1).

The leg exercising apparatus according to any one
of claims 1-7, wherein said foot section (3) comprises
a foot fastener (2) and wherein said leg section (9)
comprises a lower leg fastener (8), wherein said foot
fastener (2), for example in the form of a strap, pref-
erably is located near the pivot point (1), and wherein
said lower leg fastener (8), for example in the form
of a strap, preferably is located at the shin area of
the leg section (9).

The leg exercising apparatus according to any one
of claims 1-8, wherein said leg section (9) is provided
in at least two different sizes.

The leg exercising apparatus according to any one
of claims 1-9, wherein said mechanical foot plate (23)
and/or said foot section (3) is/are provided with a
support area and support length corresponding at
least to the foot of the patient.

The leg exercising apparatus according to any one
of claims 1-10, wherein at least one of said

- leg section (9),

- foot section (3),

- mechanical foot plate (23),
- first fixation (4).

- second (6) fixation and

- bracket (7)

is made partially or totally of a synthetic material such
as hard plastic material, e.g. polyamide or other sim-
ilar materials, carbon fiber material, etc.

The leg exercising apparatus according to any one
of claims 1-11, wherein said power limitation ar-
rangement (17) for controlling the electromotor (5)
is configured to limit the exerted force and/or to stop
the electromotor.

The leg exercising apparatus according to claim 12,
wherein said power limitation arrangement (17) for
controlling the electromotor (5) is configured to limit
the exerted force



14.

15.

21 EP 3 260 176 A1

- within an interval around 100 N to 3000 N,

- in an alternative form within an interval around
100 N to 1000 N, and

- in a further alternative form within an interval
around 100 N to 700 N.

The leg exercising apparatus according to any one
of claims 1-13, wherein the leg exercising apparatus
(20) is controllable via a control device (13), said
control device (13) being a wireless control device,
e.g. using e.qg. infrared, ultrasonic, radio frequency
transmission means, etc., in particular a mobile com-
munication device such as a smartphone, compris-
ing an application program (app) for facilitating con-
trol of the leg exercising apparatus (20).

The leg exercising apparatus according to any one
of claims 1-14, wherein the leg exercising apparatus
(20) comprises a battery power supply integrated
with the actuator (20), e.g. the electromotor, which
battery power supply may be rechargeable.
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