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Description
Field of invention

[0001] The presentinvention relates to a device and a
method for providing consistent and reproducible meas-
urements of spinal mobility.

Background of invention

[0002] Spinal mobility has for a long time been deter-
mined using manual methods, where the practitioner
would press down on one or more vertebra to be ana-
lyzed. Such methods are subjective, as the practitioner
would try to move the vertebra to be tested with his/her
fingers or hand and make an observation based on how
much mobility he/she could detect. The practitioner
would then make a record of his observation, which is
not referenced to any standard, and comparison over a
period of time would be very difficult and inaccurate.
[0003] Devices have been suggested inorder to meas-
ure spinal mobility objectively. US patent 6,539,328 dis-
closes adevice comprising animpulse and sensing head,
which determines spinal segment mobility by applying a
force impulse atan angle ofincidence to a spinal segment
and generating a wave form characteristic of spinal mo-
bility. An inclinometer determines the angle of incidence
of contact with the spinal segment in one or more axis.
The device collects data signals from the inclinometer
and the head in such a manner that a signal correspond-
ing to the angle of incidence at the same time will be
captured by the data acquisition circuitry. This patent
document also describes earlier prior art devices based
on piezoelectric sensors and measurements of electronic
waveforms reflecting the resistance of a spinal segment
under pressure. These devices have however not been
used commercially and there is a clear need for alterna-
tive, simple and accurate devices for measuring spinal
mobility.

[0004] Devices for assessing integrity/mobility of joints
are known in the art, see for instance US patents 5,91
1,695 and 4,583,555. However, these devices are not
suitable for assessing spinal mobility since their mechan-
ical constructions are targeting larger structures in the
body.

Summary of invention

[0005] The present invention provides a device and a
method for measuring spinal mobility. A hand-held device
is provided which is ergonomically easy to use and com-
prises necessary operational components to be used by
a practitioner, such as a physiotherapist, to measure the
spinal mobility of a patientin a much less subjective man-
ner than with traditional manual methods. The function
of the invention can be explained as follows: it will require
a certain force to move a vertebra in relation to an adja-
cent vertebra, this force depends on the spinal mobility
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of the person, i.e., the degree of spinal mobility deter-
mines how easily one vertebra can be displaced relative
to the adjacent vertebra. The device of the invention
measures the displacement of a vertebra as a function
of applied force and thus provides a measurement of the
spinal mobility. The invention provides in a main aspect
ahand-held device, wherein the device comprises a sup-
portframe, for resting on the back of a subject to be meas-
ured, a gripping portion, engaged to the support frame,
aforce transmitter, a reference member, a reference dis-
placement sensor, a load cell, and an electrical power
source.

[0006] The force transmitter is connected to the grip-
ping portion, such that a force applied downwardly on
the gripping portion is transferred to the force transmitter,
wherein the load cell is connected to said force transmit-
ter to quantitatively detect the force applied to said force
transmitter. The frame comprises a reference member
in proximity to the force transmitter, such that when the
device is placed on the back/spine of said subject such
that the force transmitter is positioned on a first vertebra,
the reference member rests on a an adjacent vertebra.
The reference displacement sensor is configured to
measure displacement of the force transmitter relative to
the reference member, thus the device measures dis-
placement of the force transmitter as a function of the
applied force to provide a measurement of spinal mobil-
ity. The reference member can be either rigidly joined to
the frame or slidably connected thereto, as further de-
scribed herein. In this regard, it should be noted thatwhen
displacement of the force transmitter is referred to, it is
specifically the displacement of the distal surface end of
the force transmitter that rest on the first vertebra, that is
relevant. In certain embodiment the force transmitter has
a soft end portion to soften the impact for patient comfort,
where the soft end portion is compressed under pres-
sure. In such embodiments, as further described below,
it is of key importance that the displacement of the force
transmitter distal surface be determined, in order to ac-
curately determine the relative displacement of the ver-
tebra on which the force transmitter rests.

[0007] Theinnercomponents ofthe device can be suit-
ably held in a housing connected to or forming part of
said frame. The housing is in some embodiments ar-
ranged to be slidably engaged with the gripping portion
and the force transmitter, in such a way that force applied
to the gripping portion is transmitted to the end of the
force transmitter but substantially not to the frame and
housing, i.e. itis essentially only the force transmitter that
is pushed down on the vertebra, but not the support frame
on the back of the subject.

[0008] In a second aspect, the present invention pro-
vides a method for measuring spinal tension/mobility.
The method comprises the steps of placing a device on
the spine of a subject, the device comprising a frame
supporting a gripping means engaged with a force trans-
mitter, a load cell, and a reference displacement sensor,
such that the force transmitter is positioned on afirst ver-
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tebra. Preferably the device used in the method is a de-
vice as further described herein above. The practitioner
applies a vertical force (essentially perpendicular to the
axis of the spine at that point) to the gripping means of
the device and thereby a pressure/load to a first vertebra
through the force transmitter, causing movement of the
first vertebra relative to adjacent vertebra. This relative
movement/displacement is measured with the reference
displacement sensor. The reference displacement sen-
sor is preferably arranged as described above, such that
it measures directly the displacement of the force trans-
mitter relative to a reference member. A movable refer-
ence member can also be used for the displacement
measurement, resting on a second vertebra adjacent to
the first vertebra, and moving in a frictionless fashion
relative to the end of the force transmitter and this relative
movement/displacement is registered.

[0009] Accordingly, the measurement gives a straight-
forward two-point measurement of said relative move-
ment as a function of the force applied to a vertebra,
referred to as spinal mobility or vertebrae mobility. The
device measures continuously or semi-continuously to
obtain a series of datapoints x,y (force, displacement) as
the gripping portion is pushed down, the series of points
obtained provide a curve, of displacement of the meas-
ured vertebra as a function of applied force.

[0010] In an embodiment of the present invention the
steps of applying force to the device and the step of meas-
uring the relative movement of afirst vertebra are repeat-
ed for two or more vertebra. Typically, the force on the
device is applied manually, but is in certain embodiments
applied by a mechanical linear force actuator.

Brief description of Figures
[0011]
Figure 1: Side view of one embodiment of the device.

Figure 2: Side view of a related embodiment of the
device.

Figure 3: Screen view from a program for viewing
and analysing the output from a device of the inven-
tion.

Figure 4: Another screen view from an output anal-
ysis program

Figure 5: Alternative compact embodiment with a dif-
ferent support frame.

Figure 6: Embodiment from Figure 5, showing side
view.

Figure 7: Embodiment from Figures 5 and 6, showing
cross-section and top view.
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Figure 8: View after opening gripping portion.

Figure 9: Perspective view of another embodiment,
with fixed reference member.

Figure 10: bottom view of embodiment from Figure 9.

Figure 11: Another embodiment, with different grip-
ping portion, without enclosing cap.

Figure 12: Internal portion of housing, showing con-
nection between gripping portion and force transmit-
ter.

Figure 13: Blow-up view of portion from Figure 12.

Figure 14: lllustration showing adjustment of support
feet to adjust proper orientation of the force trans-
mitter.

Figure 15: lllustration showing action of device,
where a force is applied to the gripping means to
press down the force transmitter.

Description of the present invention

[0012] In the present context the term spinal mobility
refers to the mobility (elasticity modulus) of one vertebra
with respect to the next adjacent vertebrae in a spine of
a subject.

[0013] A displacementsensor as used herein refers to
sensor means which detect displacement of an object or
point relative to another point.

[0014] The force transmitter is typically a rod or piston
with a contact head that contacts the back of the subject,
the force transmitter is connected to a load cell which is
a transducer, which converts a force into an electrical
signal. A typical load cell comprises a strain gauge for
converting the force into weak electrical signals, which
are then amplified and the output of the transducer can
suitably be converted by means of an algorithm in a cen-
tral processing unit (cpu) to a value indicating the force
applied to the transducer.

As mentioned above, the contact head can comprise a
compressible soft end portion, to soften the impact on
the vertebra. In such embodiments, the device is config-
ured to accurately measure the displacement of the distal
surface of the soft end portion of the contact head. This
can suitably be accommodated with a sliding displace-
ment member immediately adjacent to or embedded in
the force transmitter soft end portion, which displacement
member operates with the displacement sensor.

[0015] The functional elements of the device are pref-
erably placed inside and/or attached to a housing at-
tached to or merged with the frame. The housing can
suitably enclose electronic components and further com-
prise an output screen, and can in some embodiments
be configured to enclose a battery compartment.
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[0016] The reference member can be configured in
various different embodiments, all within the general
scope of the invention. In one embodiment, the reference
member is slidably connected to a carriage which is
joined to the force transmitter and which carriage moves
with the force transmitter when the force transmitter is
pushed downwardly by a force applied on the gripping
means. In this embodiment, the reference member is ar-
ranged to move slidably and essentially frictionless with
respect to said carriage and the force transmitter. Thus,
for making a measurement, the device is placed on the
back of a subject such that the force transmitter rest on
a selected vertebra and the reference member rest on
an adjacent vertebra. Preferably, the distance between
the force transmitter and reference member is adjustable
to adjust for different distance between adjacent verte-
bra. When force is applied to the gripping portion and
conducted through and towards the force transmitter, the
force transmitter will dislocate the vertebra it pushes on,
but the adjacent vertebra remains still or moves only
slightly, resulting in the movement of the reference mem-
ber within the carriage, relative to the force transmitter.
In this embodiment, the displacement sensor in the de-
vice is arranged to measure this movement of the refer-
ence member, thus measuring the relative movement of
the reference member to the force transmitter and hence
the relative movement of the first vertebra (being pushed
down by the force transmitter) and the adjacent vertebra
on which the reference member sits. Such embodiment
allows for different configuration of the gripping portion
and housing and a more rigid connection between the
two, and in some embodiments the gripping portion forms
part of the housing. Support feet in such configuration
are movably connected to the frame and/or housing, such
that they do not exert any substantial force on the back
of the patient as force is applied to the gripping portion.
[0017] Inanotherembodiment, asillustrated in Figures
9-11 and 15, the reference member is fixed to the housing
and the displacement sensor is arranged to measure the
displacement of the force transmitter relative to the hous-
ing/reference member.

The displacement sensor can in this embodiment be a
linear encoder measuring the displacement of the force
transmitter or of a displacement member that moves with
the distal end of the force transmitter.

[0018] The housing may be engaged to the frame or
engaged with an adjustable portion of the frame, through
arotation axis, which axis lies horizontally and orthogonal
to the spine, when the device is placed on the back of a
subject for measurement. Thus, the angle of the force
transmitter and gripping means with respect to the spine
can be adjusted, and the force transmitter can be adjust-
ed to be essentially orthogonal to the spinal axis at the
vertebra under the force transmitter.

[0019] In some useful embodiments, the housing is sl-
idably engaged to the support frame, such that the hous-
ing, with the engaged gripping means and force trans-
mitter, can be moved along the frame but preferably such
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that the housing can then be locked in a certain position
on the support frame. This can make it easier to measure
mobility of vertebrae when the curvatures of the spine
are large.

[0020] The support frame can be formed in various
ways. It should preferably be shaped so as to keep the
device stable on the back of the subject while force is
applied. The support frame can thus suitably be shaped
such that it rests on both sides of the spine such as e.g.
by a pair of members lying in the direction of the spine,
each on one side, or supporting feet, resting on the back
of the subject, which can suitably be two, three or four.
The reference member is in some embodiments ar-
ranged to function as a central supporting foot.

[0021] In certain embodiments, the housing and sup-
port frame are arranged such that at least a portion of
the housing can be rotated around a part of the frame
that supports the force transmitter, such that the support
feetbe arranged on the opposite side the reference mem-
ber. This way, the device can be used on vertebrae fur-
ther down on the spine even when the lumbar curve
shows excessive curvature.

[0022] A useful embodiment is illustrated in Figure 1,
a housing 9 forms part of the frame, the housing having
adjustably connected to it on each side of the housing
arch-like support feet 2,3 that rest on each side of the
spine, when the device is in use. The position of the sup-
port feet relative to the housing can be adjusted to adjust
the orientation of the device, which is preferably such
that the force transmitter 5 is oriented orthogonal to the
spinal axis within the vertebra to be measured. Figures
5-7 show a similar embodiment with more compact sup-
port feet joined to the housing adjustably, having an ad-
justment lever 35 to loosen and adjust the position of the
support feet.

[0023] Another embodiment is shown in Figures 9-11,
where a housing forms part of the frame, having a pair
of adjustable support feet 3 and the reference member
7 acting as a central support foot, i.e. a total of three
support feet.

[0024] The support frame can in some embodiments
comprise transverse supporting beams that lie across
the spine, preferably such, though, that they do not in-
terfere with protruding vertebra, e.g. by having gaps or
bends in their centre such they rest on each side of the
spine. The frame provides stability when force is applied
to the gripping portion, this is important as the force in
conventional spinal mobility measurements can be in the
range of 10-200 N (1-20 kg) such as in the range of
10-100 N (1-10 kg).

[0025] In useful embodiments the device further com-
prises a data output means in the form of a display 15
(e.g. liquid crystaltype), for presenting data and informing
the practitioner about the measurements. The device can
further comprise a data output port 33 and actuators for
initiating and controlling measurements.

[0026] The electrical power source for the device of
the present invention can be a battery 34 or an electrical
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cord connecting the device to an external power source.
Batteries for the device can be conventional single-use
batteries or chargeable batteries, in a useful embodiment
the battery is charged when the device is placed in a
docking station, or the battery compartment can be re-
moved from the device and placed in a charging dock,
or alternatively the device is docketed through a cable or
cord to a power supply. A docking arrangement with a
docking station or cord can also be used to transmit col-
lected data from the device to a computer, for further
processing and analysis.

[0027] The data output means of the present invention
can be either or both an interface for manual/ visual re-
adout or a data output port 33. An interface can be a
display component 15 such as a liquid crystal display,
which outputs data indicating the status of a measure-
ment or a result of a particular measurement. A data out-
put port can be adapted for any data transfer plug such
as but not limited to USB, fire wire, 8P8C, or DE-9 con-
nectors.

[0028] Thedevice of the presentinvention can in some
embodiments comprise a data storage means, such as
a small memory device for storing data from measure-
ments. Such data is then stored in the device and then
preferably transferred into a computer through the data
output means.

[0029] The device can further comprise an actuator for
initiating measurements. Such actuators can be a simple
on-off switch, but also touch-sensitive actuators for
browsing between programs or individual measurements
stored in the device.

[0030] In an embodiment of the present invention the
device further comprises a printed circuit board (PCB) to
connect all the electrical elements of the device and/or
a central processing means (cpu means) for coordinating
measurements and data collection. The device of the
presentinvention may further preferably comprise a data
output means for transporting data from the device to a
data storage means or a computer. In electronics, printed
circuit boards are used to mechanically support and elec-
trically connect electronic components using conductive
pathways, or traces, etched from copper sheets laminat-
ed onto a non-conductive substrate. Alternative names
are printed wiring board (PWB), and etched wiring board.
Populating the board with electronic components forms
a printed circuit assembly (PCA), also known as a printed
circuit board assembly (PCBA). PCBs are rugged, inex-
pensive, and can be highly reliable. They require much
more layout effort and higher initial cost than either wire-
wrapped or point-to-point constructed circuits, but are
much cheaper, faster, and consistent in high volume pro-
duction. Much of the electronics industry’s PCB design,
assembly, and quality control needs are set by standards
that are published by the IPC organization.

[0031] The force is applied on the gripping portion, it
is therefore preferred that the gripping portion is ergo-
nomically designed to allow comfortably manual force to
be applied. The force should be applied substantially ver-
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tically in relation to the axis of the spine at the point of
the vertebra being measured. However, as the spine is
not straight, itis preferred that the angle of the load sensor
and gripping portion can be adjusted such that the force
transmitter is directed vertically (orthogonally) with re-
spect to the spine. This can be achieved by connecting
the force transmitter and gripping portion on the frame
with a rotational axis, which lies horizontally and orthog-
onal to the spine when the device is mounted. Preferably,
the rotational motion can be blocked, by locking the angle
of the load sensor, to prevent unintentional tilting of the
sensor during measurement.

Detailed description of embodiments

[0032] lllustrative embodiments of the invention will be
described in more detail with reference to the drawings.
Figure 1 shows a side view of a device according to the
invention. The frame 1 comprises two-arch like side bars
1 (one is seen), the ends of which form support feet 2,3.
An axis 8 joins a main housing 9 to the frame arch mem-
bers 1. The force transmitter 5 extends downwardly from
the housing, as does an adjacent reference member 7,
which is connected to the device through a carriage 13,
allowing adjustment of the distance between the force
transmitter and the reference member. The knob 14 is
for adjusting the position of the reference member along
the carriage 13. The carriage 13 is joined to and moves
with the portion of the device that moves vertically with
the force transmitter. Thus, the support for the reference
member moves vertically along with the force transmitter.
The reference member 7, however, moves slidably and
essentially frictionless within the support, and thus its
movement is used to measure the relative movement of
the force transmitter, as it pushes down a first vertebra
while the reference member is located on an adjacent
vertebra. A displacement sensor (not shown) within the
device is used to measure the displacement of the ref-
erence member. The gripping portion 4 extends above
the housing, along the axis of the force transmitter, such
that a force can be applied on the gripping portion 4,
being transmitted vertically in the direction of the force
transmitter 5. This is achieved by slidably engaging the
gripping portion to the housing through the lower end 19
of the gripping portion forming a collar region sliding along
a tubular member of the central portion 16 of the housing
9. Inside the tubular member is the connection between
the gripping member and force transmitter. The housing
9 is designed to accommodate a battery compartment
and an extending display portion 10 having a display 15.
An input interface is included in the form of buttons 17.

[0033] The batteries can either be single use batteries
or chargeable, preferably a built-in battery chargeable by
placing the device in a charging docking station (not
shown) or through a cord (e.g. USB connection that car-
ries a charging voltage). A load cell (not shown) is placed
in the housing (within central portion 16) connected to
the force transmitter 5. The force transmitter is extended
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to a ergonomically shaped head 6, which is made from
rigid material and applies pressure onto a vertebra when
the device is placed onto the spine and force applied to
the force transmitter by manually pressing downwardly
on the gripping portion.

[0034] Figure 2 shows a related embodiment where
the frame is more compact than in the version of Figure
1. This has the advantage that the device more readily
can be used on vertebrae closer to the neck region. The
main housing 9 is made more compact by moving the
battery compartment 11 opposite to the central portion
16. The lowerend 19 of the gripping portion 4 slides inside
a suitable shaped receiving area of the central portion
16 of the housing 9 in this embodiment.

[0035] Figure 3 shows the output from a device of the
invention, a screen view as presented in a dedicated pro-
gram which imports data from the device for further anal-
ysis and graphical representation. The upper panel of
the figure shows results of three different vertebras, the
displacement in mm on the Y-axis as a function of the
load (in Newton) on the X-axis. The lower panel shows
a diagram illustrating the different displacement of the
three vertebrae at a certain load (3.1 kg; the load at the
vertical line across the spectrum in the upper panel).
[0036] Figure 4 shows a different output from the same
program, and shows similar displacement-load curves,
for four measurements of the same vertebra in a subject.
The program can then calculate the mean curve based
on these four individual measurements. The slope of the
measured curves provide an indication of the spinal mo-
bility.

[0037] Thedevice data outputmeans of the device can
suitably include a port at the aft end of the device (not
shown). The data output means can be either a socket
for a cord/cable or a wireless transceiver for communi-
cating data from the device into a printer or a computer.
An electrical contact is also provided, which is either a
contact fitting a recharging docking device or for an elec-
trical cord connected to a power supply.

[0038] The display portion of the apparatus illustrated
in Figure 1 has an LCD-screen 15 and a switch which is
one of the buttons 17. The switch can either be an on/off
switch or a switch to initiate a measurement.

[0039] Figures 5-8 illustrates an alternative but techni-
cally equivalent embodiment of the device shown in Fig-
ures 1 and 2. This alternative device is more compact
and has a pair of support feet 2,3, a reference member
7 and force transmitter 5 with a force transmitter head 6.
[0040] Figure 9 introduces a slightly different embodi-
ment. The frame is simplified and the body housing forms
an integral part of the frame. A pair of distal support feet
3 are attached to the housing with an axis 8 and tightening
screw, such that they can be rotatably adjusted to allow
adjusting the angle of the force transmitter with respect
to the spine of the subject. The reference member 7 forms
a proximal central support foot which is an integral part
of the housing. The force transmitter 5 extends down-
wardly, adjacent to the reference member. In this em-
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bodiment, the displacement sensor is internal and ar-
ranged to measure directly the displacement of the force
transmitter relative to the reference member/housing.
Figure 10 shows a bottom perspective view, showing the
force transmitter extending from a shaft unit 25. the cap
of the gripping portion has been removed, to show the
ball joint 22 connecting the gripping portion to the device.
The ball joint forces the user to apply a force essentially
directly downwardly, along the axis of the force transmit-
ter, thus preventing the user from exerting lateral forces.
The display 15 is in some embodiments a touch screen.
A shaft unit 25 connects the force transmitter and gripping
portion. The shaft unit is depicted in Figure 12 and in a
blow-up view in Figure 13. The shaft unit comprises the
ball joint 22 in contact with a load cell 23, arranged to
come in contact with the force transmitter 5, such that
force from the gripping portion is transmitted to the force
transmitter, and measured by the load cell.

[0041] A linear encoder is used in this embodiment as
displacement sensor. The shaft unit 25 comprises a mag-
netic strip 29 and a linear encoder sensor (e.g. AS5306
from Austria Microsystems) is arranged within the hous-
ing to detect movement of the strip.

[0042] Figure 14 shows operation of the device from
Figs. 9-11, illustrating how the angle of the support feet
3 is adjusted by rotation around the axis 8, in order to
maintain a correct essentially vertical orientation of the
force transmitter with respect to the spinal axis, at the
vertebra being measured. Figure 15 shows how the force
transmitter is pushed down and displaces a vertebra
when a force 32 is exerted on the gripping portion.

Claims

1. A hand-held device for measuring displacement of
one vertebra relative to an adjacent vertebra of a
human subject, the device comprising:

- a support frame (1-3), for resting on the back
of a subject to be measured,

- agripping portion (4), engaged to the frame (1),
- a force transmitter (5),

- a reference member (7),

- a reference displacement sensor,

- aload cell, and

- an electrical power source,

wherein the force transmitter (5) is connected to the
gripping portion (4), such that a force applied down-
wardly on the gripping portion (4) is transferred to
the force transmitter (5), wherein the load cell is con-
nected to said force transmitter (5) to quantitatively
detect force applied to said force transmitter (5),

wherein the frame (1) comprises a reference mem-
ber (7) in proximity to the force transmitter (5), such
that when the device is placed on the spine of said
subject with the force transmitter positioned on a first
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vertebra, the reference member rests on a an adja-
cent vertebra,

the reference displacement sensor is configured to
measure displacement of the force transmitter (5)
relative to the reference member (7),

wherein the device measures displacement of the
force transmitter (5) as a function of the applied force
to provide a measurement of spinal mobility.

The device of claim 1, wherein said frame comprises
at least two support feet (2,3) for resting on the back
of said subject, arranged distally from said force
transmitter (5).

The device of claim 1 or 2, wherein said force trans-
mitter (5) and gripping portion (4) are slidably en-
gaged to ahousing (9) whichis connected to or forms
part of said frame (1).

The device of claim 1 or 2, wherein said reference
member (7) is slidably connected to said frame (1),
and where the location of the reference member (7)
relative to the force transmitter (5) is preferably ad-
justable.

The device of any of claims 1-4, wherein said force
transmitter (5) has a soft end portion with a distal
surface (6) that touches said first vertebra, wherein
said reference displacement sensor is configured to
measure displacement of the distal surface (6) of the
force transmitter relative to the reference member

(7).

The device of claim 5, comprising a displacement
member adjacent to said force transmitter soft end
portion (6) or embedded in said soft end portion,
reaching to the distal surface, in order to measure
the displacement of said distal surface (6).

The device of claim 3, wherein at least part of said
frame (1) is adjustably connected to said housing
(9), and wherein the reference member (7) is slidably
connected to a carriage (13,14) which is joined to
the force transmitter (7) and which carriage (13,14)
moves with the force transmitter (5) when the force
transmitter (5) is pushed downwardly by a force ap-
plied on the gripping means (4), wherein the refer-
ence member (7) is arranged to move slidably and
essentially frictionless with respect to said carriage
(13,14) and the force transmitter (5).

The device of claim 1, wherein the reference member
(7) is fixed to the housing (9).

The device according to any of claims 1-8, wherein
the device further comprises a processing means,
and data output means.
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10.

1.

12.

13.

14.

15.

The device according to claim 9, wherein the data
output means is selected from a display (15), for pre-
senting data, and data output port.

The device according to any of the preceding claims,
wherein the device further comprises an actuator for
initiating a measurement.

A method for measuring spinal mobility of a human
subject, the method comprising the steps of:

a) placing a device on the spine of a subject, the
device comprising a support frame (1) compris-
ing support feet (2,3), a force transmitter (5) and
a reference member (7), said frame (1) support-
ing a gripping means (4) engaged with the force
transmitter (5), and a reference movement sen-
sor, such that the force transmitter (5) is posi-
tioned on a first vertebra, and the reference
member (7) rests on one or more vertebra prox-
imal to said first vertebra,

b) applying a force substantially perpendicular
to the spinal axis in said first vertebra to the grip-
ping portion (4) of the device and thereby pres-
sure to said first vertebra through the force trans-
mitter (5),

¢) measuring by means of the reference move-
ment sensor the movement of the force trans-
mitter (5) relative to the one or more proximal
vertebra,

d) measuring the applied force by means of a
load cell within said device connected to said
force transmitter (5),

wherein said displacement as a function of the ap-
plied force provides an indication of spinal mobility.

The method according to claim 12, wherein steps b)
and c) are repeated for two or more vertebrae.

The method according to claim 12, wherein said
force is applied manually.

The method of claim 12, further comprising collecting
data representing said displacement and providing
an output based on said data, indicating said spinal
mobility.

Patentanspriiche

1.

Tragbare Vorrichtung zum Messen einer Verschie-
bung eines Wirbels relativ zu einem benachbarten
Wirbel eines menschlichen Subjekts, wobei die Vor-
richtung aufweist:

- einen Tragerrahmen (1-3) zur Auflage aufdem
Rucken eines zu messenden Subjekts,
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- einen Griffabschnitt (4), der mit dem Rahmen
(1) in Eingriff steht,

- einen Krafttransmitter (5),

- ein Referenzelement (7),

- einen Referenzverschiebungssensor,

- eine Lastzelle und

- eine Stromquelle,

wobei der Krafttransmitter (5) mit dem Griffabschnitt
(4) verbundeniist, sodass eine Kraft, die auf den Grif-
fabschnitt (4) nach unten ausgelbt wird, zum Kraft-
transmitter (5) Ubertragen wird, wobei die Lastzelle
mit dem Krafttransmitter (5) verbunden ist, um Kraft,
die auf den Krafttransmitter (5) ausgeubt wird, quan-
titativ zu erfassen,

wobei der Rahmen (1) ein Referenzelement (7) in
der Nahe des Krafttransmitters (5) aufweist, sodass,
wenn die Vorrichtung auf die Wirbelsaule des Sub-
jekts gelegt wird, wahrend der Krafttransmitter auf
einem ersten Wirbel positioniert ist, das Referenze-
lement auf einem benachbarten Wirbel liegt,

der Referenzverschiebungssensor zum Messen ei-
ner Verschiebung des Krafttransmitters (5) relativ
zum Referenzelement (7) gestaltet ist,

wobei die Vorrichtung die Verschiebung des Kraft-
transmitters (5) abhangig von der ausgelibten Kraft
misst, um eine Messung der Wirbelsaulenbeweg-
lichkeit zu liefern.

Vorrichtung nach Anspruch 1, wobei der Rahmen
mindestens zwei Stutzfille (2, 3) aufweist, die auf
dem Ricken des Subjekts aufliegen, die distal von
dem Krafttransmitter (5) angeordnet sind.

Vorrichtung nach Anspruch 1 oder 2, wobeider Kraft-
transmitter (5) und der Griffabschnitt (4) mit einem
Gehause (9) in gleitendem Eingriff stehen, das mit
dem Rahmen (1) verbunden ist oder Teil desselben
bildet.

Vorrichtung nach Anspruch 1 oder 2, wobei das Re-
ferenzelement (7) mitdem Rahmen (1) in gleitendem
Eingriff steht und wobei die Stelle des Referenzele-
ments (7) relativ zum Krafttransmitter (5) vorzugs-
weise einstellbar ist.

Vorrichtung nach einem der Anspriiche 1-4, wobei
der Krafttransmitter (5) einen weichen Endabschnitt
mit einer distalen Oberflache (6) hat, die den ersten
Wirbel beriihrt, wobei der Referenzverschiebungs-
sensorzum Messen einer Verschiebung der distalen
Oberflache (6) des Krafttransmitters (5) relativ zum
Referenzelement (7) gestaltet ist.

Vorrichtung nach Anspruch 5, die ein Verschie-
bungselement aufweist, das sich neben dem wei-
chen Endabschnitt des Krafttransmitters befindet
oder in dem weichen Endabschnitt eingebettet ist,
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10.

1.

12.

wobei es bis zur distalen Oberflache (6) reicht, um
die Verschiebung der distalen Oberflache (6) zu
messen.

Vorrichtung nach Anspruch 3, wobei mindestens ein
Teil des Rahmens (1) einstellbar mit dem Gehause
(9) verbunden ist, und wobei das Referenzelement
(7) mit einem Schlitten (13, 14) gleitend verbunden
ist, der an den Krafttransmitter (7) angegliedert ist,
und wobei sich der Schlitten (13, 14) mit dem Kraft-
transmitter (5) bewegt, wenn der Krafttransmitter (5)
durch eine Kraft, die auf das Griffmittel (4) ausgetbt
wird, nach unten geschoben wird, wobei das Refe-
renzelement (7) fir eine Gleit- und im Wesentlichen
reibungslose Bewegung in Bezug auf den Schlitten
(13, 14) und den Krafttransmitter (5) angeordnet ist.

Vorrichtung nach Anspruch 1, wobei das Referenz-
element (7) an dem Gehause (9) befestigt ist.

Vorrichtung nach einem der Anspriiche 1-8, wobei
die Vorrichtung ferner ein Verarbeitungsmittel und
ein Datenausgabemittel aufweist.

Vorrichtung nach Anspruch 9, wobei das Datenaus-
gabemittel ausgewahlt ist aus einer Anzeige (15)
zum Préasentieren von Daten und einer Datenaus-
gabeschnittstelle.

Vorrichtung nach einem der vorangehenden An-
spriiche, wobei die Vorrichtung ferner einen Ausl6-
ser zum Einleiten einer Messung aufweist.

Verfahren zum Messen einer Wirbelsdulenbeweg-
lichkeit eines menschlichen Subjekts, wobei das
Verfahren die Schritte aufweist:

a) Platzieren einer Vorrichtung auf der Wirbel-
saule eines Subjekts, wobei die Vorrichtung ei-
nen Tragerrahmen (1) aufweist, der StitzfuRe
(2,3), einen Krafttransmitter (5) und ein Refe-
renzelement (7) aufweist, wobei der Rahmen (1)
ein Griffmittel (4), das mit dem Krafttransmitter
(5) in Eingriff steht, und einen Referenzbewe-
gungssensor tragt, sodass der Krafttransmitter
(5) auf einem ersten Wirbel positioniert ist und
das Referenzelement (7) auf einem oder meh-
reren Wirbel(n) nahe dem ersten Wirbel liegt,
b) Austiiben einer Kraft im Wesentlichen senk-
recht zur Wirbelsdulenachse im ersten Wirbel
auf den Griffabschnitt (4) der Vorrichtung und
somit eines Drucks auf den ersten Wirbel durch
den Krafttransmitter (5),

c) Messen mit Hilfe des Referenzbewegungs-
sensors der Bewegung des Krafttransmitters (5)
relativ zu dem einen oder den mehreren nahen
Wirbel(n),

d) Messen der ausgetbten Kraft mit Hilfe einer
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Lastzelle innerhalb der Vorrichtung, die mit dem
Krafttransmitter (5) verbunden ist,

wobei die Verschiebung, die von der ausgelibten
Kraft abhangig ist, einen Hinweis auf eine Wirbel-
saulenbeweglichkeit liefert.

Verfahren nach Anspruch 12, wobei Schritte b) und
c) fur zwei oder mehr Wirbel wiederholt werden.

Verfahren nach Anspruch 12, wobei die Kraft manu-
ell ausgelibt wird.

Verfahren nach Anspruch 12, wobei ferner aufwei-
send ein Sammeln von Daten, die die Verschiebung
darstellen, und Liefern eines Ausgangs aufder Basis
der Daten, der die Wirbelsdulenmobilitdt angibt.

Revendications

1.

Dispositif a main destiné a mesurer le déplacement
d’une vertébre par rapport a une vertébre adjacente
d’un sujet humain, le dispositif comprenant :

- un cadre de support (1-3), destiné a reposer
sur le dos d’'un sujet a mesurer,

- une partie de saisie (4), en prise avec le cadre
M,

- un transmetteur de force (5),

- un élément de référence (7),

- un capteur de déplacement de référence,

- un dynamometre, et

- une source d’alimentation électrique,

le transmetteur de force (5) étant relié a la partie de
saisie (4), de telle sorte qu’une force appliquée vers
le bas sur la partie de saisie (4) est transférée au
transmetteur de force (5),

le dynamomeétre étant relié audit transmetteur de for-
ce (5) pour détecter quantitativement une force ap-
pliquée audit transmetteur de force (5),

le cadre (1) comprenant un élément de référence (7)
a proximité du transmetteur de force (5), de telle sor-
te que lorsque le dispositif est placé sur la colonne
vertébrale dudit sujet avec le transmetteur de force
positionné sur une premiéere vertebre, I'élément de
référence repose sur une vertébre adjacente,

le capteur de déplacement de référence étant con-
figuré pour mesurer un déplacement du transmet-
teur de force (5) par rapport a I'élément de référence
),

le dispositif mesurant un déplacement du transmet-
teur de force (5) en fonction de la force appliquée
pour fournir une mesure de mobilité rachidienne.

Dispositif de la revendication 1, dans lequel ledit ca-
dre comprend au moins deux pieds de support (2,
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1.

3) destinés areposer sur le dos dudit sujet, agencés
distalement dudit transmetteur de force (5).

Dispositif de la revendication 1 ou 2, dans lequel ledit
transmetteur de force (5) et ladite partie de saisie (4)
sont engagés avec faculté de glissement dans un
boitier (9) qui est reli¢ a ou forme une partie dudit
cadre (1).

Dispositif de la revendication 1 ou 2, dans lequel ledit
élément de référence (7) est relié avec faculté de
glissement audit cadre (1), et dans lequel 'empla-
cement de I'élément de référence (7) par rapport au
transmetteur de force (5) est de préférence ajusta-
ble.

Dispositif de 'une quelconque des revendications 1
a 4, dans lequel ledit transmetteur de force (5) a une
partie d’extrémité molle avec une surface distale (6)
qui touche ladite premiére vertébre, ledit capteur de
déplacement de référence étant configuré pour me-
surer un déplacement de la surface distale (6) du
transmetteur de force (5) par rapport a I'élément de
référence (7).

Dispositif de la revendication 5, comprenant un élé-
ment de déplacement adjacent a ladite partie d’ex-
trémité molle (6) du transmetteur de force ou incor-
poré dans ladite partie d’extrémité molle, atteignant
la surface distale, afin de mesurer le déplacement
de ladite surface distale (6).

Dispositif de larevendication 3, danslequel au moins
une partie dudit cadre (1) est reliée de fagon ajusta-
ble audit boitier (9), et dans lequel I'élément de ré-
férence (7) est relié avec faculté de glissement a un
chariot (13, 14) qui est relié au transmetteur de force
(7) etlequel chariot (13, 14) se déplace avec le trans-
metteur de force (5) quand le transmetteur de force
(5) est poussé vers le bas par une force appliquée
sur le moyen de saisie (4), I'élément de référence
(7) étant agencé pour se déplacer par glissement et
essentiellement sans frottement par rapport audit
chariot (13, 14) et au transmetteur de force (5).

Dispositif de larevendication 1, dans lequell’élément
de référence (7) est fixé au boitier (9).

Dispositif selon’'une quelconque des revendications
1 a 8, le dispositif comprenant en outre un moyen
de traitement, et un moyen de sortie de données.

Dispositif selon la revendication 9, dans lequel le
moyen de sortie de données est choisi entre un écran
(15) pour présenter des données, et un port de sortie
de données.

Dispositif selon'une quelconque des revendications
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précédentes, le dispositif comprenant en outre un
actionneur pour initier une mesure.

Procédé de mesure de la mobilité rachidienne d’un
sujethumain, le procédé comprenant les étapes con-
sistant a :

a) placer un dispositif sur la colonne vertébrale
d’'un sujet, le dispositif comprenant un cadre de
support (1) comprenant des pieds de support
(2, 3), untransmetteur de force (5) et un élément
de référence (7), ledit cadre (1) supportant un
moyen de saisie (4) en prise avec le transmet-
teur de force (5), et un capteur de déplacement
de référence, de telle sorte que le transmetteur
deforce (5) soit positionné sur une premiere ver-
tebre, et I'élément de référence (7) repose sur
une ou plusieurs vertébres proximales de ladite
premiére vertébre,

b) appliquer une force sensiblement perpendi-
culaire a I'axe de la colonne vertébrale dans la-
dite premiére vertébre a la partie de saisie (4)
du dispositif et ainsi une pression a ladite pre-
miére vertebre par le transmetteur de force (5),
c) mesurer au moyen du capteur de déplace-
ment de référence le déplacement du transmet-
teurdeforce (5) parrapportalaouauxvertebres
proximales,

d) mesurer la force appliquée au moyen d’'un
dynamomeétre a l'intérieur dudit dispositif relié
audit transmetteur de force (5),

dans lequel ledit déplacement en fonction de la force
appliquée fournit une indication de la mobilité rachi-
dienne.

Procédé selon la revendication 12, dans lequel les
étapes b) et ¢) sont répétées pour au moins deux
vertébres.

Procédé selon larevendication 12, danslequel ladite
force est appliquée manuellement.

Procédé selon la revendication 12, comprenant en
outre la collecte de données représentant ledit dé-
placement et la fourniture d’une sortie basée sur les-
dites données, indiquant ladite mobilité rachidienne.
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