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Description

FIELD AND BACKGROUND OF THE INVENTION

[0001] The present invention relates to physiotherapy
devices and, in particular, it concerns a physiotherapeutic
stair system in which treatment is enhanced and/or doc-
umented by use of a computer system associated with
an integrated sensor set.

[0002] Many patients require physiological rehabilita-
tion for various reasons. These include, for example, vic-
tims of traffic accidents, patients who have suffered from
a cardiac episode or underwent a cardiac medical pro-
cedure, as well as individuals that have had a cerebral
episode, invasive medical procedures, or sustained in-
juries of violence and the like. These patients need to
receive physiotherapeutic treatment in rehabilitation
wards of various institutions or by professional physio-
therapists, for the purpose of a gradual return to regular
life.

[0003] The practicing of walking, ascending and de-
scending stairs is a central part of the rehabilitation proc-
ess. The ability to ascend and descend stairs is a vital
component in the assessment process performed by the
medical staff when deciding whether a patient can be
discharged from the rehabilitative institution to his or her
home.

[0004] One example of a suitable device for practicing
ascending and descending of stairs is described in US
patent number 5,901,813, and is commercially available
from DPE Medical Ltd. (Israel) under the name Dynamic
Stair Trainer (DST). The device consists of number of
stairs whose height can be altered simultaneously ac-
cording to the need and ability of the current patients.
[0005] Other step trainer examples with adjustable rise
height are disclosed in documents US 5 769 759, WO
2012/057595 and US 2010/09954 1. Stair trainers used
in physiotherapy for ascending and descending stairs are
preferably static during use with a uniform pitch, simulat-
ing the look and feel of conventional stairs. Itis also pref-
erable that adjustment of the height occurs through a
purely vertical motion without changing the depth of the
tread surface of each step, and that the steps have closed
riser surfaces without overlap between steps to minimize
risk of tripping.

[0006] Existing step trainers of this type do not provide
integrated tools to facilitate analysis and assessment of
progress in stair-mobility treatment.

[0007] There s therefore a need for a physiotherapeu-
tic stair system in which treatment would be enhanced
and/or documented by use of a computer system asso-
ciated with an integrated sensor set.

SUMMARY OF THE INVENTION

[0008] The present invention is a physiotherapeutic
stair system in which treatment is enhanced and/or doc-
umented by use of a computer system associated with
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an integrated sensor set.

[0009] According to the teachings of an embodiment
of the present invention there is provided, a system com-
prising: (a) a set of at least three horizontal tread surfac-
es; (b) a drive system mechanically linked to the set of
tread surfaces and configured to displace at least two of
the tread surfaces vertically so as to adjust a rise height
between adjacent of the tread surfaces in such a manner
as to form a set of stairs with uniform pitch for a range of
different rise heights; (c) a sensor set comprising at least
one sensor deployed for measuring a parameter related
to physiotherapy performed using the set of stairs; and
(d) a computer system comprising at least one processor
and a non-volatile data storage medium, the computer
system being associated with the sensor set so as to
receive the at least one parameter, wherein the at least
one sensor comprises a sensor deployed to measure a
parameter indicative of a current rise height between ad-
jacent of the tread surfaces, characterized in that each
of the displaceable tread surfaces has an adjacent riser
surface so as to form a closed set of stairs at any position
within the range of different rise heights, and wherein
said at least one sensor comprises a plurality of load cells
deployed to measure a load applied to said tread surfac-
es, and wherein said computer system is configured to
process signals from said load cells to determine a time
period taken by a patient to move from one of said tread
surfaces to another of said tread surfaces. According to
a further feature of an embodiment of the present inven-
tion, the computer system comprises a user interface
configured to receive an input indicative of the identity of
a patient undergoing treatment, and wherein the compu-
ter system stores records of a plurality of treatment ses-
sions for each patient, the records including the current
rise height.

[0010] Accordingto afurther feature of an embodiment
of the present invention, the computer system is config-
ured to generate a stair-capability measure for the pa-
tient, the stair-capability measure being indicative of a
current ability of the patient to climb stairs and a rate of
improvement of the current ability.

[0011] According to afurther feature of an embodiment
of the present invention, the at least one sensor compris-
es at least one heart rate sensor deployed to measure a
parameter indicative of a heart rate of a patient on the
set of stairs.

[0012] Accordingto afurther feature of an embodiment
of the present invention, the system further comprises a
handrail extending along at least one side of the set of
stairs, and wherein the at least one heart rate sensor is
integrated into the handrail.

[0013] Accordingto afurther feature of an embodiment
of the present invention, the system further comprises a
handrail extending along at least one side of the set of
stairs, and wherein the at least one sensor comprises at
least one contact sensor deployed to generate an output
indicative of a location at which a patient using the set of
stairs is holding the handrail.
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[0014] Accordingto afurther feature of an embodiment
of the present invention, the computer system is config-
ured to: (a) monitor a sum of the loads measured by said
plurality of load cells; (b) determine a current weight of a
patient on said set of stairs; (c) subtract a current sum of
said loads from said current weight to determine a current
patient load on said handrail; and (d) generate a warning
signal if said current patient load on the handrail exceeds
a predefined percentage of said current weight of the
patient. According to a further feature of an embodiment
of the present invention, the computer system is config-
ured to process signals from the load cells to determine
at least one measure of gross motor skill control during
stair usage.

[0015] Accordingto a further feature of an embodiment
of the present invention, the plurality of load cells is im-
plemented as at least two load cells per tread surface
being deployed so as to generate signals allowing deter-
mination of a loading position relative to a length of each
of the tread surfaces.

[0016] Accordingto a further feature of an embodiment
of the present invention, the computer system is config-
ured to determine, for each stair transition by a patient,
whether the patient has lead with a right leg or a left leg,
and to generate an indication of bilateral or unilateral us-
age.

[0017] Accordingto a further feature of an embodiment
of the present invention, the at least one load cell is im-
plemented as a set of load cells deployed so as to gen-
erate signals allowing determination of a loading position
in two dimensions for each of the tread surfaces.
[0018] Accordingto afurther feature of an embodiment
of the present invention, the computer system is config-
ured to generate a warning signal when loading of a tread
surface satisfies conditions identifying excess front-edge
loading of the tread surface.

[0019] Accordingto a further feature of an embodiment
of the present invention, the computer system is func-
tionally interconnected with the drive system, the com-
puter system being configured to retrieve from the data
storage medium or from remote data storage data relat-
ing to at least one past treatment session for a given
patient, the computer system being configured to actuate
the drive system to bring the set of stairs to an initial rise
height for a next treatment session, the initial rise height
being derived at least in part from the data.

[0020] According to an example, the drive system is
configured to displace the tread surfaces so as to form
the set of stairs with a plurality of rise heights substantially
spanning a majority of a range from 0 cm to 18 cm.
[0021] According to a further example, the drive sys-
tem is further configured to displace the tread surfaces
so that all of the plurality of tread surfaces are juxtaposed
as a continuous flat surface.

[0022] According to a further example, the drive sys-
tem is configured to displace the tread surfaces in a pure-
ly vertical motion, and wherein a plurality of the tread
surfaces each has an associated vertical riser surface.
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[0023] According to a further example, the computer
system further comprises communication components
for connection to a wired or wireless network, and where-
in the computer system is configured to transfer via the
network a report containing data relating to treatment
sessions of a patient.

[0024] The invention being entirely defined by the ap-
pended claims 1-13.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The invention is herein described, by way of ex-
ample only, with reference to the accompanying draw-
ings, wherein:

FIG. 1 is an isometric view of a physiotherapeutic
stair system, constructed and operative according
to an embodiment of the present invention, showing
the system deployed to an intermediate rise height;
FIG. 2 is a block diagram of the physiotherapeutic
stair system of FIG. 1;

FIGS. 3A and 3B are isometric views of the physio-
therapeutic stair system of FIG. 1 showing the sys-
tem deployed, respectively, to a maximum rise
height and a zero rise height, useful for ambulatory
therapy between parallel bars;

FIG. 4 is a rear isometric view of the physiothera-
peutic stair system of FIG. 1 deployed to the maxi-
mum height, with rear covers removed to reveal com-
ponents of a drive system;

FIG. 5 is an enlarged isometric view of a step unit
from the physiotherapeutic stair system of FIG. 1;
FIG. 6 is a schematic isometric view of a section of
a handrail from the physiotherapeutic stair system
of FIG. 1, illustrating a preferred deployment of sens-
ing elements;

FIGS. 7A and 7B are schematic graphs illustrating
variation of a total load on the physiotherapeutic stair
system of FIG. 1 with time under normal usage and
in a case of excessive load applied to a handrail,
respectively;

FIG. 8 is a schematic graph illustrating variation of
a load on each successive tread surface during use
of the physiotherapeutic stair system of FIG. 1;
FIGS. 9A and 9B are enlarged views of a region of
the graph of FIG. 8 for cases of patients with normal
stability and poor stability, respectively;

FIGS. 10A and 10B are schematic graphs similar to
FIG. 8 but resolved into load applied to the left side
and theright side of each tread surface, respectively,
for a case of a patient leading repeatedly with the
right foot;

FIGS. 11A and 11B are schematic graphs similar to
FIGS. 10A and 10B, respectively, for a patient lead-
ing bilaterally; and

FIGS. 12A and 12B are schematic graphs illustrating
a front-back loading balance for a given tread surface
under conditions of normal usage and dangerous
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foot positioning on the edge of a step, respectively.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0026] The present invention is a physiotherapeutic
stair system in which treatment is enhanced and/or doc-
umented by use of a computer system associated with
anintegrated sensor set, and corresponding methods for
managing and/or assessing treatment using such a de-
vice.

[0027] The principles and operation of stair systems
according to the present invention may be better under-
stood with reference to the drawings and the accompa-
nying description.

[0028] Referring now to the drawings, Figures 1-6
show various full or partial views of a physiotherapeutic
stair training system, generally designated 10, construct-
ed and operative according to a particularly preferred em-
bodiment of the present invention.

Mechanical Structure

[0029] The structural basis of system 10 according to
this particularly preferred example closely parallels the
implementation of the aforementioned Dynamic Stair
Trainer (DST) commercially available from DPE Medical
Ltd. (Israel). The device has a set 12 of at least three,
and in the case shown here four, horizontal tread surfac-
es, individually referred to as TRO, TR1, TR2 and TR3.
A drive system 14 is mechanically linked to the set 12 of
tread surfaces and configured to displace at least two of
the tread surfaces TR1-TR3 vertically so as to adjust a
rise height between adjacent of the tread surfacesin such
a manner as to form a set of stairs 12 with uniform pitch
for a range of different rise heights.

[0030] A preferred but non-limiting implementation of
drive system 14 is best seen in FIG. 4. Under each tread
surface is a scissors mechanism 16, preferably doubled
so as to support each side of the tread surface, which
allows vertical movement of the tread surface while en-
suring that it remains parallel to the floor. A linear drive,
shown here in the form of a screw actuator 18, is deployed
in a column 20 at the back of the top tread surface TR3
and deployed to move tread surface TR3 vertically. Other
types of actuators, such as hydraulic or pneumatic actu-
ators, may also be used. Two side rails 22 are pivotally
linked to top tread surface TR3 so as to be lifted at one
end as the top tread surface rises. Each of the other tread
surfaces has lateral projections 24 (see FIG. 5) which
engage rails 22 as a track, thereby lifting each tread sur-
face in proportion to the elevation of the top surface and
maintaining a set of stairs 12 of uniform pitch.

[0031] Parenthetically, it willbe noted thatthe drawings
show the system of the present invention with various
covers and a protective skirt removed to reveal various
components of the mechanism.

[0032] It is important for stair therapy treatment that
the steps are closed steps, i.e., with closed riser surfaces,
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so that the toes of a patient do not get caught beneath
the step. To this end, each tread surface (other than TRO)
is generally integrally formed with a riser surface 26 to
form a step structure. Drive system 14 is preferably con-
figured to displace the tread surfaces in a purely vertical
motion, such as through the aforementioned scissors
mechanisms 16.

[0033] In the particularly preferred case illustrated in
FIG. 5, each step also includes a telescopic extension
portion 28 which provides an extension to riser surface
26 in the higher raised positions of the system, such as
is seen in FIG. 3A. The use of a telescopic extension
portion allows the system to assume a fully lowered state
(FIG. 3B) in which a spacing from the floor is less than
the maximum rise height of the set of stairs 12 in the fully
raised state.

[0034] The system preferablyalsoincludes atleastone
handrail extending alongside the set of stairs 12. In the
implementation illustrated here, an adjustable-height
handrail 30 is provided on each side of the set of stairs
12, and is complemented by a handrail portion 32 ex-
tending around the top tread surface, which is here ex-
tended to form an upper platform to facilitate turning
around between the ascent and descent. The handrail
may additionally or alternatively be adjustable in horizon-
tal position, to allow adjustment of the spacing between
the right and left rails.

[0035] Drive system 14 is preferably configured to dis-
place the tread surfaces so as to form the set of stairs
12 with a plurality of rise heights substantially spanning
a majority of a range from 0 cm to 18 cm. "Substantially
spanning" in this context refers to adjustability which pro-
vides either continuous adjustment or a plurality of dis-
crete positions which are spaced apart by no more than
2 cm, and more typically in steps of 1 cm or less. In a
particularly preferred implementation, the system pro-
vides adjustment to substantially span the entirety of a
range of at least 0-18 cm, thereby facilitating practice of
all common step sizes.

[0036] The system preferably assumes a fully flattened
(zero step) state, as illustrated in FIG. 3B. In this stage,
the plurality of tread surfaces are juxtaposed as a con-
tinuous flat surface, which is useful for ambulatory par-
allel bars therapy.

[0037] In addition to the aforementioned components,
the present invention features a computer system 34
comprising at least one processor 36 and a non-volatile
data storage medium 38, typically together with network-
ing components 40 for connection to a wired or wireless
network. Computer system 34 may be any type of suit-
able computer, including but not limited to, a general pur-
pose computerrunning suitable software under a suitable
operating system, and a dedicated computer system con-
figured by suitable hardware, software and/or firmware
to perform the various functions required. In some imple-
mentations, computer system 34 may be implemented
using a mobile electronics device such as a smartphone
operating suitable software and in wireless communica-
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tion with the various other components of the system.
[0038] Computer system 34 is preferably associated
with, and possibly integrated with, one or more user input
device 42 and a display 44. In one preferred case, the
entire computer system 34 is integrated in a "tablet" con-
figuration with a touch-screen which serves as both the
input device and the display, as illustrated schematically
in FIG. 1.

[0039] Control of the up/down motion of drive system
14 may be achieved by pressing directly on up/down but-
tons on a controller 46 associated with drive system 14.
Additionally, or alternatively, control of drive system 14
may be achieved via the user interface of computer sys-
tem 34.

[0040] Computer system 34 is associated with a sen-
sor set 48 including at least one sensor deployed for
measuring a parameter related to physiotherapy per-
formed using the set of stairs 12. Preferred examples of
the sensors, and corresponding modes of operation of
the system, are described below.

Sensor Set

[0041] Sensor set48 may include a wide range of sen-
sors for sensing a variety of parameters related to phys-
iotherapy performed using the set of stairs 12. These
parameters may relate to the current state of the set of
stairs themselves or to the manner in which a patient is
using the set of stairs. Each of the sensors described
below is of utility when used alone. Certain particularly
preferred implementations include multiple types of sen-
sor, and may combine the data from the various sensors
to derive additional information. The particular sensors
described herein are exemplary, and are not an exhaus-
tive list.

[0042] In certain embodiments, the present invention
provides a sensor 50 deployed to measure a parameter
indicative of a current rise height between adjacent of
the tread surfaces. Sensor 50 may take various forms,
including but not limited to: a laser or other rangefinder
deployed to measure a distance between the top platform
TR3 and the base of the system; an optical or magnetic
encoder associated with the screw drive mechanism to
count revolutions of the drive; and an angle encoder as-
sociated with a mechanical component of one of the scis-
sors mechanisms. This output, after correction of any
offset and dividing by the number of steps, provides a
direct indication of the current pitch of the set of stairs 12.
[0043] In certain embodiments, the present invention
provides at least one heart rate sensor 52 deployed to
measure a parameter indicative of a heartrate of a patient
on the set of stairs 12, before, during and/or after ascend-
ing or descending the stairs. According to one preferred
implementation, the heart rate sensing is performed via
electrodes located on handrails 30 and/or 32 using tech-
nology commonly available and implemented in hand
grips of many treadmills and other aerobic exercise de-
vices. This technology is well known, and will not be de-
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scribed here in detail. In certain cases, electrodes for
heart rate monitoring may be provided only at the posi-
tions corresponding to a bottom step grip and a top step
grip, for detecting the heart rate prior to and after ascend-
ing or descending.

[0044] According to a further feature of certain pre-
ferred embodiments of the presentinvention, at leastone
contact sensor 54 is deployed to generate an output in-
dicative of a location at which a patient using the set of
stairs 12is holding the handrail. The handrail grip position
sensors are typically implemented as a series of capac-
itive or conductive sensors spaced along the handrail,
allowing the supporting circuitry to determine where
along the handrail the user is currently gripping, as illus-
trated schematically in FIG. 6. Particularly in the case of
conductive sensors, the grip position sensors may ad-
vantageously be integrated with heart rate sensing via
the same conductive electrodes.

[0045] According to a further feature of certain pre-
ferred embodiments of the presentinvention, at leastone
load cell 56 is deployed to measure a load applied to
each of the tread surfaces. In the particularly preferred
example of FIG. 5, the upper plate of each tread surface
is supported by four load cells, one in each corner, which
provides stability and allows detailed analysis of real-time
weight distribution over the surface of the tread surface.
Similar structures are known in the field of children’s
games, and are described in the literature such as, for
example, in US Patent No. 8100770 to Yamazaki et al.

Operation

[0046] The various sensors of sensor set 48 in con-
junction with computer system 34 provide a range of func-
tionality for recording treatment sessions, enhancing
and/or rendering safer the treatment itself, and analyzing
patient progress, which were not heretofore available in
the context of physiotherapeutic stair training or rehabil-
itation.

[0047] For example, the computer system preferably
keeps track of patient treatment sessions, either in local
data storage or via network access to aremote database,
storing records of at least the patient identity as entered
or selected via user input 42, the dates of previous treat-
ment sessions, and the maximum rise height achieved
in each session. The rise height is preferably derived
directly by the system from rise height sensor 50, option-
ally additionally with input from the load cells 56 to verify
that the patient successfully negotiated the stairs at that
height. This data allows accurate evaluation of the pa-
tient’s ability and rate of progress in managing stairs.
[0048] This data is preferably used as a basis for com-
puter system 34 to generate a stair-capability measure
for the patient, also referred to as a "Stair Factor of
Progress" or SFP. The stair-capability measure is indic-
ative of a current ability of the patient to climb stairs and
a rate of improvement of the current ability. This may, for
example, consist of a number corresponding to the high-
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estrise heightin centimeters which the patientis currently
able to negotiate plus a letter indicating the rate of
progress (corresponding to a range of gradients of a rise-
heightvs. date graph), such that forexample "a" indicates
rapid progress or full capability with the range of rise
heights considered, "b" indicates a moderate rate of
progress, and "c" indicates slow or negligible progress.
Thus, forexample, a SFP of (4-a) would indicate a current
limitation to 4 cm steps, but a rapid rate of improvement
whereas (8-c) would indicate a capability of managing 8
cm steps but with expectations that progress beyond that
point is currently slow. This SFP will be a standardized
parameter which is preferably generated automatically
by system 10, and will greatly facilitate communication
between medical staff regarding patient capabilities and
progress. This stair-capability measure and/or other data
relating to an individual therapy session or an entire se-
quence of treatment sessions can be forwarded to a med-
ical professional or other authorized recipient by compu-
ter system 34 via a network.

[0049] An additional preferred feature of system 10 is
the automatic adjustment of the set of stairs to the correct
initial rise height for the beginning of a physiotherapy
session. Specifically, computer system 34 is preferably
configured to retrieve from data storage medium 38 or
from remote data storage, data relating to at least one
past treatment session for a given patient, the computer
system being configured to actuate drive system 14 to
bring the set of stairs 12 to an initial rise height for a next
treatment session, the initial rise height being derived at
least in part from the data relating to the past treatment.
For example, therapy sessions may begin with steps of
5 cm smaller than the maximum rise height reached in
the previous session, and will therefore automatically
bring the steps to the appropriate height once a new ther-
apy session for that user is selected.

[0050] Turning now to FIGS. 7A-12B, there are shown
a range of applications which employ outputs from load
cells 56. Although described primarily in the context of
stair training, it will be appreciated that most of the func-
tions described below are also applicable to gait therapy
implemented when the system s at zerorise height, func-
tioning as an ambulatory parallel-bars system.

[0051] Referring firstto FIGS. 7A and 7B, it will be ap-
preciated that by summing the loads applied to the tread
surfaces at a given instant, it is possible to generate a
measure of the total load applied to the set of stairs, and
thus to determine a current weight of a patient on the set
of stairs. FIGS. 7A and 7B illustrate variations of this total
load with time during use of the system. It will be noted
that the weight is not constant since it undergoes pertur-
bations (due to slight vertical accelerations) as the pa-
tient’s feet are moved from step to step and the body
ascends or descends, as well as through weight trans-
ferred to the handrail. However, the variation of total load
with time typically exhibits a clear modal value (i.e., the
mostfrequently occurring value) which defines abaseline
about which the perturbations occur. The modal value is
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illustrated in FIG. 7A by a dashed line 60. This value can
readily be picked out by computer system 34 via simple
processing techniques, and is preferably then used to
provide additional functionality.

[0052] By way of example, once the current weight of
the patient has been determined, computer system 34 is
preferably configured to subtract a current sum of the
loads from this current weight to determine a current pa-
tient load on the handrail. Optionally, a safety limit can
be set, for example at a predefined percentage (e.g.,
15%) of the current weight, and computer system 34 may
be configured to generate a warning signal, for example
to an audible buzzer, if the current patient load on the
handrail exceeds that predefined percentage of the cur-
rent weight of the patient. In FIG. 7B, the warning level
is represented by dashed line 62 and point 64 represents
an incident in which the weight on the handrail has ex-
ceeded the allowed limit (shown here as a corresponding
decrease in the total measured load), resulting in gener-
ation of an alarm.

[0053] Turning now to FIGS. 8, 9A and 9B, these illus-
trate separately the load measured on each tread sur-
face, each curve being labeled with the corresponding
tread surface label: TR0, TR1, TR2 and TR3. Analysis
of these curves and the timing of transferring load be-
tween the tread surfaces provides significant information
about the ability of the patient to negotiate stairs.
[0054] For example, referring to FIG. 8, computer sys-
tem 34 is preferably configured to process signals from
load cells 56 to determine a time period taken by a patient
to climb the set of stairs, optionally calculated as a time-
per-step or steps-per-minute rate. The time for negotiat-
ing each step transfer can be variously defined. In the
illustration shown here, the foot-lift from the previous step
is taken as the standard reference point from which step
transfer duration is measured.

[0055] In addition to speed, the form of the load cell
signal output can also be used to provide valuable infor-
mation about the strength and stability of the patient’s
motion, indicative of their gross motor skill control during
stair usage. Thus, in the enlarged views of FIGS. 9A and
9B, the smooth signals of FIG. 9A is indicative of well
controlled continuous movements, whereas the un-
steady signals of FIG. 9B are indicative of lack of muscle
control and/or problems of instability during motion. Com-
puter system 34 is preferably configured to process sig-
nals from load cells 56 to determine atleast one measure
of gross motor skill control during stair usage. In a simple
implementation, this may be a measure of the "smooth-
ness" of the signals, determined by the relative weights
of low- and high-frequency components in a Fourier
transform of the signal. Other forms of processing, such
as identifying reversal of the direction of weight transfer
between steps, may also provide valuable additional or
alternative information.

[0056] The data represented by plots such as FIG. 8
may also be used to advantage with output of grip position
sensors 54, identifying whether the grip position is within
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a normal range of positions relative to the current center
of gravity of the patient’'s weight on the tread surfaces.
This allows the system to identify whether the patient is
reaching ahead to drag himself or herself up to the next
step, in contrast to a normal usage of the handrail just
for stabilization.

[0057] It will be noted that the various functions de-
scribed thus far can be implemented using a single load
cell deployed to support each step. Particularly preferred
implementations in which two, or more preferably four,
load cells support each step allow for additional function-
ality, as will now be discussed.

[0058] FIGS. 10A-11B illustrate additional functionality
which is available when the deployment of load cells al-
lows determination of a loading position relative to a
length of each of the tread surfaces, i.e., whether the load
is central, to the right or to the left of the step. This can
be achieved either by use of two load cells, one support-
ing each end of the step, or by use of four load cells, by
summing the outputs of the right-hand and left-hand
sides of each step.

[0059] FIGS. 10A and 10B illustrate plots of load on
successive steps against time, similar to that of FIG. 8,
but where the load on each step is resolved into separate
measures of the load on the left side of the step (FIG.
10A) and the load on the right side of the step (FIG. 10B).
The dashed line 60’ here corresponds to 50% of the cur-
rent patient weight, which is the load that would be ex-
pected if the patient were to be standing on a single step
with his or her weight evenly distributed along the length
of the step between right and left.

[0060] Using this data, computer system 34 is prefer-
ably configured to determine, for each stair transition by
a patient, whether the patient has lead with a right leg or
a left leg, and to generate an indication of bilateral or
unilateral usage. Thus, in the example of FIGS. 10A and
10B, the plot for load variation against time for each step
shows an initial bias towards the right side, and a final
bias prior to lifting of the foot towards the left side. This
is indicative (during ascent) of the patient repeatedly
leading with the right foot. During descent, when the pa-
tient is facing in the opposite direction, the polarity is re-
versed.

[0061] FIGS. 11A and 11B are a further example of a
similar pair of plots, this time indicating initial and final
bias on tread surface TR1 to the right side, and initial and
final bias on tread surface TR2 to the left side. This is
indicative of leading with alternate feet.

[0062] It will be noted that the average of right-left load-
ing is not necessarily in the middle of the step, and that
the modal value of loading for the plots of FIGS. 10A-
11B will not necessarily lie on line 60°. An offset from
right-left balance is indicative of the patient holding his
or her body closer to one handrail than the other. This
information is also useful to record. The foot with which
the user is leading can still readily be determined by the
relative shifts of loading to the right and left, even where
there is a consistent trend to one side.

10

15

20

25

30

35

40

45

50

55

[0063] TurningfinallytoFIGS.12Aand 12B, inthe case
of an arrangement of three or more non-colinear load
cells supporting each tread surface, the set of load cells
for each tread surface preferably generate signals allow-
ing determination of a loading position in two dimensions
for each of the tread surfaces. This allows assessment
of the foot position relative to the front and back edges
of the step, and particularly, allows identification of po-
tentially dangerous scenarios in which a patient is trans-
ferring their load to a foot which is overlapping the front
edge of a step. For this purpose, computer system 34 is
preferably configured to generate a warning signal when
loading of a tread surface satisfies conditions identifying
excess front-edge loading of the tread surface. FIGS.
12A and 12B illustrate a position of the center of loading
for a given step along the front-back direction as a func-
tion of time. FIG. 12A shows a normal variation. The
weight may initially be biased momentarily towards the
front of the step, for example as the patient’s heal is plant-
ed on the step, and may move heavily to the rear of the
step as the toe pushes off last. A transient frontal bias
on the step is thus not considered problematic.

[0064] FIG. 12B illustrates a case in which the frontal
bias of the weight remains above a threshold value for
an extended period, indicative of a dangerously posi-
tionedfoot. In this case, the system would preferably gen-
erate a warning, typically by sounding a buzzer or other
audible alert. The invention is entirely defined by append-
ed claims 1-13.

Claims
1. A system (10) comprising:

(a) a set (12) of at least three horizontal tread
surfaces (TRO, TR1, TR2, TR3);

(b) a drive system (14) mechanically linked to
said set of tread surfaces and configured to dis-
place at least two of said tread surfaces (TR1,
TR2, TR3) vertically so as to adjust a rise height
between adjacent of said tread surfaces in such
a manner as to form a set of stairs with uniform
pitch for a range of different rise heights;

(c) asensorset (48) comprising at least one sen-
sor deployed for measuring a parameter related
to physiotherapy performed using said set of
stairs; and

(d) a computer system (34) comprising at least
one processor (36) and a non-volatile data stor-
age medium (38), said computer system being
in communication with said sensor set so as to
receive said at least one parameter,

wherein said atleast one sensor comprises a sensor
(50) deployed to measure a parameter indicative of
a current rise height between adjacent of said tread
surfaces,
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characterized in that each of the displaceable tread
surfaces has an adjacent riser surface (26) so as to
form a closed set of stairs at any position within the
range of different rise heights,

and wherein said at least one sensor comprises a
plurality of load cells (56) deployed to measure a
load applied to said tread surfaces, and wherein said
computer system (34) is configured to process sig-
nals from said load cells (56) to determine a time
period taken by a patient to move from one of said
tread surfaces to another of said tread surfaces.

The system (10) of claim 1, wherein said computer
system (34) comprises a user interface configured
to receive an input indicative of the identity of a pa-
tient undergoing treatment, and wherein said com-
puter system (34) stores records of a plurality of treat-
ment sessions for each patient, said records includ-
ing said current rise height.

The system (10) of claim 2, wherein said computer
system (34) is configured to generate a stair-capa-
bility measure for the patient, the stair-capability
measure being indicative of a current ability of the
patient to climb stairs and a rate of improvement of
the current ability.

The system (10) of claim 1, wherein said at least one
sensor comprises at least one heart rate sensor (52)
deployed to measure a parameter indicative of a
heart rate of a patient on said set of stairs.

The system (10) of claim 4, wherein the system fur-
ther comprises a handrail extending along at least
one side of said set of stairs, and wherein said at
least one heart rate sensor (52) is integrated into
said handrail (30).

The system (10) of claim 1, wherein the system fur-
ther comprises a handrail (30) extending along at
least one side of said set of stairs, and wherein said
at least one sensor comprises at least one contact
sensor (54) deployed to generate an output indica-
tive of a location at which a patient using said set of
stairs is holding said handrail (30).

The system (10) of claim 1, further comprising a
handrail (30) extending along at least one side of
said set of stairs, and wherein said computer system
(34) is configured to:

(a) monitor a sum of the loads measured by said
plurality of load cells (56);

(b) determine a current weight of a patient on
said set of stairs (12);

(c) subtract a current sum of said loads from said
current weight to determine a current patient
load on said handrail; and
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10.

1.

12.

13.

(d) generate a warning signal if said current pa-
tientload on said handrail exceeds a predefined
percentage of said current weight of the patient.

The system (10) of claim 1, wherein said computer
system (34) is configured to process signals from
said load cells (56) to determine atleast one measure
of gross motor skill control during stair usage.

The system (10) of claim 1, wherein said plurality of
load cells (56) is implemented as at least two load
cells per tread surface, said at least two load cells
being deployed so as to generate signals allowing
determination of a loading position relative to a
length of each of said tread surfaces.

The system (10) of claim 9, wherein said computer
system (34) is configured to determine, for each stair
transition by a patient, whether the patient has lead
with a right leg or a left leg, and to generate an indi-
cation of bilateral or unilateral usage.

The system (10) of claim 1, wherein said plurality of
load cells (56) is implemented as a set of load cells
deployed so as to generate signals allowing deter-
mination of a loading position in two dimensions for
each of said tread surfaces.

The system (10) of claim 11, wherein said computer
system (34) is configured to generate a warning sig-
nal when loading of a tread surface satisfies condi-
tions identifying excess front-edge loading of said
tread surface.

The system (10) of claim 1, wherein said computer
system (34) is functionally interconnected with said
drive system (14), said computer system being con-
figured to retrieve from said data storage medium or
from remote data storage data relating to at least
one past treatment session for a given patient, said
computer system (34) being configured to actuate
said drive system to bring said set of stairs to an
initial rise height for a next treatment session, said
initial rise height being derived at least in part from
said data.

Patentanspriiche

1.

System (10), umfassend:

(a) einen Satz (12) aus mindestens drei horizon-
talen Trittflachen (TRO, TR1, TR2, TR3);

(b) ein Antriebssystem (14), das mechanisch mit
dem Satz Trittflichen verbunden und dazu aus-
gelegt ist, mindestens zwei der Trittflachen
(TR1, TR2, TR3) vertikal zu verlagern, um eine
Stufenhdhe zwischen benachbarten Trittfla-
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chen derart einzustellen, dass ein Satz Trep-
penstufen mit einheitlicher Steigung fiir einen
Bereich von unterschiedlichen Stufenhéhen ge-
bildet wird;

(c) einen Sensorsatz (48), der mindestens einen
Sensor umfasst, der zum Messen eines Para-
meters bezogen auf mithilfe des Satzes Trep-
penstufen durchgefiihrte Physiotherapie ge-
nutzt wird,

(d) ein Computersystem (34), das mindestens
einen Prozessor (36) und ein nichtfllichtiges Da-
tenspeichermedium (38) umfasst, wobei das
Computersystem in Kommunikation mit dem
Sensorsatz steht, um den mindestens einen Pa-
rameter zu empfangen,

wobei der mindestens eine Sensor einen Sensor
(50) umfasst, der genutzt wird, um einen Parameter
zu messen, der eine aktuelle Stufenhdhe zwischen
benachbarten Trittflachen anzeigt,

dadurch gekennzeichnet, dass jede der verlager-
baren Trittflichen eine benachbarte Steigungsfla-
che (26) aufweist, um einen geschlossenen Satz
Treppenstufenin einer beliebigen Position innerhalb
des Bereichs von unterschiedlichen Stufenhéhen zu
bilden,

und wobei der mindestens eine Sensor eine Mehr-
zahl von Kraftaufnehmern (56) umfasst, die genutzt
werden, um eine Kraft zu messen, die auf die Tritt-
flachen aufgebracht wird, und wobei das Computer-
system (34) dazu ausgelegt ist, Signale von den
Kraftaufnehmern (56) zu verarbeiten, um einen Zeit-
raum zu bestimmen, der von einem Patienten beno-
tigt wird, um sich von einer der Trittflachen auf eine
andere der Trittflachen zu bewegen.

System (10) nach Anspruch 1, wobei das Compu-
tersystem (34) eine Benutzerschnittstelle umfasst,
die dazu ausgelegt ist, eine Eingabe zu empfangen,
die die Identitat eines Patienten anzeigt, der sich ei-
ner Behandlung unterzieht, und wobei das Compu-
tersystem (34) Berichte einer Mehrzahl von Behand-
lungssitzungen fiir jeden Patienten speichert, wobei
die Berichte die aktuelle Stufenhéhe umfassen.

System (10) nach Anspruch 2, wobei das Compu-
tersystem (34) dazu ausgelegt ist, eine Treppen-
steigfahigkeitsmessung fur den Patienten zu erzeu-
gen, wobei die Treppensteigfahigkeit eine aktuelle
Fahigkeit des Patienten, Treppen zu steigen, und
eine Verbesserungsrate der aktuellen Fahigkeit an-
zeigt.

System (10) nach Anspruch 2, wobei der mindestens
eine Sensor mindestens einen Herzfrequenzsensor
(52) umfasst, der genutzt wird, um einen Parameter
zu messen, der eine Herzfrequenz eines Patienten
auf dem Satz Treppenstufen anzeigt.
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5.

10.

1.

System (10) nach Anspruch 4, wobei das System
ferner einen Handlauf umfasst, der sich entlang min-
destens einer Seite des Satzes Treppenstufen er-
streckt, und wobei der mindestens eine Herzfre-
quenzsensor (52) in den Handlauf (30) integriert ist.

System (10) nach Anspruch 1, wobei das System
ferner einen Handlauf (30) umfasst, der sich entlang
mindestens einer Seite des Satzes Treppenstufen
erstreckt, und wobei der mindestens eine Sensor
mindestens einen Kontaktsensor (54) umfasst, der
genutzt wird, um eine Ausgabe zu erzeugen, die eine
Position anzeigt, in der ein Patient, der den Satz
Treppenstufen nutzt, den Handlauf (30) halt.

System (10) nach Anspruch 1, wobei das System
ferner einen Handlauf (30) umfasst, der sich entlang
mindestens einer Seite des Satzes Treppenstufen
erstreckt, und wobei das Computersystem (34) dazu
ausgelegt ist:

(a) eine Summe der von der Mehrzahl Kraftauf-
nehmer (56) gemessenen Krafte zu Uberwa-
chen;

(b) ein aktuelles Gewicht eines Patienten auf
dem Satz Treppenstufen (12) zu bestimmen;
(c) eine aktuelle Summe der Krafte von dem ak-
tuellen Gewicht zu subtrahieren, um eine aktu-
elle Patientenkraft auf dem Handlauf zu bestim-
men; und

(d) ein Warnsignal zu erzeugen, wenn die aktu-
elle Patientenkraft auf dem Handlauf einen vor-
definierten Prozentsatz des aktuellen Gewichts
des Patienten lbersteigt.

System (10) nach Anspruch 1, wobei das Compu-
tersystem (34) dazu ausgelegt ist, Signale von den
Kraftaufnehmern (56) zu verarbeiten, um mindes-
tens eine Messung der Grobmotorikkontrolle wah-
rend der Treppenstufennutzung zu bestimmen.

System (10) nach Anspruch 1, wobei die Mehrzahl
Kraftaufnehmer (56) als mindestens zwei Kraftauf-
nehmer pro Trittflache implementiert ist, wobei die
mindestens zwei Kraftaufnehmer genutzt werden,
um Signale zu erzeugen, die die Bestimmung einer
Belastungsposition bezogen auf eine Lange einer
jeden der Trittflachen ermdglicht.

System (10) nach Anspruch 9, wobei das Compu-
tersystem (34) dazu ausgelegt ist, fir jeden Stufen-
Ubergang durch einen Patienten zu bestimmen, ob
der Patient mit dem rechten Bein oder dem linken
Bein gefiihrt hat, und einen Hinweis auf beidseitige
oder einseitige Nutzung zu erzeugen.

System (10) nach Anspruch 1, wobei die Mehrzahl
der Kraftaufnehmer (56) als ein Satz Kraftaufnehmer
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implementiert ist, die genutzt werden, um Signale zu
erzeugen, die eine Bestimmung einer Belastungs-
position in zwei Dimensionen fir jede der Trittflachen
ermdglichen.

System (10) nach Anspruch 11, wobei das Compu-
tersystem (34) dazu ausgelegt ist, ein Warnsignal
zu erzeugen, wenn das Belasten einer Trittflache die
Bedingungen erflllt, die eine GbermafRige Vorder-
kantenbelastung der Trittflache identifizieren.

System (10) nach Anspruch 1, wobei das Compu-
tersystem (34) funktional mit dem Antriebssystem
(14) zusammengeschaltet ist, wobei das Computer-
system dazu ausgelegt ist, aus dem Datenspeicher-
medium oder aus einem entfernten Datenspeicher
Daten bezogen auf mindestens eine friihere Be-
handlungssitzung flir einen gegebenen Patienten
abzufragen, wobei das Computersystem (34) dazu
ausgelegt ist, das Antriebssystem zu betatigen, um
den Satz Treppenstufen auf eine Anfangsstufenhd-
he fiir eine nachste Behandlungssitzung zu bringen,
wobei die Anfangsstufenhdhe zumindest teilweise
aus den Daten abgeleitet wird.

Revendications

1.

Systeme (10) comprenant :

(a) un ensemble (12) d’au moins trois surfaces
de marche horizontales (TRO, TR1, TR2, TR3) ;
(b) un systeme d’entrainement (14) relié méca-
niquement audit ensemble de surfaces de mar-
che et configuré pour déplacer au moins deux
desdites surfaces de marche (TR1, TR2, TR3)
verticalement de fagon a ajuster une hauteur
d’élévation entre des surfaces adjacentes parmi
lesdites surfaces de marche de maniere a for-
mer un ensemble escalier ayant une pente uni-
forme pour une plage de hauteurs d’élévation
différentes ;

(c) un ensemble (48) de capteurs, comprenant
au moins un capteur déployé pour mesurer un
paramétre associé a une physiothérapie réali-
sée a l'aide dudit ensemble escalier ; et

(d) un systeme informatique (34) comprenant
au moins un processeur (36) et un support de
stockage de données non volatil (38), ledit sys-
téme informatique étanten communication avec
ledit ensemble de capteurs de fagon a recevoir
ledit au moins un parameétre,

ledit au moins un capteur comprenant un capteur
(50) déployé pour mesurer un paramétre indicateur
d’une hauteur d’élévation courante entre des surfa-
ces adjacentes parmi lesdites surfaces de marche,
caractérisé par le fait que chacune des surfaces
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de marche mobiles a une surface de contremarche
adjacente (26) de fagon a former un ensemble es-
calier fermé dans n’'importe quelle position dans la
plage de hauteurs d’élévation différentes, et

ledit au moins un capteur comprenant une pluralité
de cellules de mesure (56) déployées pour mesurer
une charge appliquée auxdites surfaces de marche,
et ledit systéme informatique (34) étant configuré
pour traiter des signaux provenant desdites cellules
de mesure (56) pour déterminer une durée prise par
un patient pour se déplacer de 'une desdites surfa-
cesde marche a une autre desdites surfaces de mar-
che.

Systéme (10) selon la revendication 1, dans lequel
ledit systéme informatique (34) comprend une inter-
face utilisateur configurée pour recevoir une entrée
indicatrice de l'identité d’un patient soumis au traite-
ment, et ledit systeme informatique (34) stockant des
enregistrements d’une pluralité de séances de trai-
tement pour chaque patient, lesdits enregistrements
comprenant ladite hauteur d’élévation courante.

Systéme (10) selon la revendication 2, dans lequel
ledit systéme informatique (34) est configuré pour
générer une mesure de capacité d’escalier pour le
patient, la mesure de capacité d’escalier étant indi-
catrice d’une capacité courante du patient a monter
un escalier et un taux d’amélioration de la capacité
courante.

Systéme (10) selon la revendication 1, dans lequel
ledit au moins un capteur comprend au moins un
capteur de fréquence cardiaque (52) déployé pour
mesurer un paramétre indicateur d’'une fréquence
cardiaque d’un patient sur ledit ensemble escalier.

Systéme (10) selon la revendication 4, dans lequel
le systeme comprend en outre une rampe s’étendant
le long d’au moins un cbté dudit ensemble escalier,
et ledit au moins un capteur de fréquence cardiaque
(52) étant intégré dans ladite rampe (30).

Systéme (10) selon la revendication 1, dans lequel
le systtme comprend en outre une rampe (30)
s’étendantle longd’au moins un c6té duditensemble
d’escalier, et ledit au moins un capteur comprend au
moins un capteur de contact (54) déployé pour gé-
nérer une sortie indicatrice d'un emplacement au ni-
veau duquel un patient utilisant ledit ensemble es-
calier tient ladite rampe (30).

Systéme (10) selon la revendication 1, comprenant
en outre une rampe (30) s’étendant le long d’au
moins un cété dudit ensemble escalier, et ledit sys-
téme informatique (34) étant configuré pour :

(a) surveillerune somme des charges mesurées
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par ladite pluralité de cellules de mesure (56) ;
(b) déterminer un poids courant d’un patient sur
ledit ensemble escalier (12) ;

(c) soustraire une somme courante desdites
charges audit poids courant pour déterminer
une charge de patient courante sur ladite
rampe ; et

(d) générer un signal d’avertissement si ladite
charge de patient courante sur ladite rampe dé-
passe un pourcentage prédéfini dudit poids cou-
rant du patient.

Systeme (10) selon la revendication 1, dans lequel
ledit systéme informatique (34) est configuré pour
traiter des signaux provenant desdites cellules de
mesure (56) pour déterminer au moins une mesure
du contrdle de facultés motrices approximatif pen-
dant l'utilisation de I'escalier.

Systeme (10) selon la revendication 1, dans lequel
ladite pluralité de cellules de mesure (56) est mise
en oeuvre de fagon a avoir au moins deux cellules
de mesure par surface de marche, lesdites au moins
deux cellules de mesure étant déployées de fagon
a générer des signaux permettant la détermination
d’une position de chargement par rapport a une lon-
gueur de chacune desdites surfaces de marche.

Systeme (10) selon la revendication 9, dans lequel
ledit systéme informatique (34) est configuré pour
déterminer, pour chaque transition de marche par
un patient, si le patient a avancé avec une jambe
droite ou une jambe gauche, et générer une indica-
tion d'utilisation bilatérale ou unilatérale.

Systeme (10) selon la revendication 1, dans lequel
ladite pluralité de cellules de mesure (56) est mise
en oeuvre sous la forme d’'un ensemble de cellules
de mesure déployées de fagon a générer des si-
gnaux permettant la détermination d’une position de
chargement en deux dimensions pour chacune des-
dites surfaces de marche.

Systeme (10) selon la revendication 11, dans lequel
ledit systéme informatique (34) est configuré pour
générer un signal d’avertissement lorsque le char-
gement d’'une surface de marche satisfait a des con-
ditions identifiant un chargement de bord avant ex-
cessif de ladite surface de marche.

Systeme (10) selon la revendication 1, dans lequel
ledit systeme informatique (34) est connecté de ma-
niere fonctionnelle audit systéme d’entrainement
(14), ledit systéme informatique étant configuré pour
récupérer, a partir dudit support de stockage de don-
nées ou d’'une mémoire de données a distance, des
données associées a au moins une séance de trai-
tement passée pour un patient donné, ledit systeme
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informatique (34) étant configuré pour actionner ledit
systeme d’entrainement pour amener ledit ensem-
ble escalier a une hauteur d’élévation initiale pour
une séance de traitement suivante, ladite hauteur
d’élévation initiale étant déduite au moins en partie
desdites données.
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