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(57) Abstract: A method and apparatus for non- invasive analysing the structure and chemical composition of bone tissue elimi-
nating the influence of surrounding tissues, is provided. The method consists in using a system of at least four electrodes (1, 2, 3,
4,5, 6, 7, 8) placed in electrical contact with tissues surrounding the analysed bone, preferably a long bone to establish screening
potential distribution using screening electrodes (7, 8). Measuring current injecting electrodes (1, 2) are used to force the measur-
ing current flow through the internal part of the analysed bone. At the same time the screening electrodes (7, 8) reduce the measur-
ing current flow through the tissues surrounding the analysed bone almost to zero. Then measuring current and potential at the
measuring current injecting electrodes (1, 2) as well as phase difference between potential at measuring current injecting elec-
trodes (1, 2) and measuring current are measured. On the basis of measured electrical values the structure and chemical composi-
tion of bones is evaluated.
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Method and Apparatus for Non-invasive Analysing the Structure and Chemical

Composition of Bone Tissue Eliminating the Influence of Surrounding Tissues

Field of the Invention

The present invention relates to a method and apparatus for analysing the
structure and chemical composition of bone tissue eliminating the influence of
surrounding tissues, especially the structure and chemical composition of a spongy part
of long bones using bio-impedance measurements.

Background to the Invention

The known techniques for analysing the structure and chemical composition of
bonés consist in performing an X-ray or analysing ultrasound echo scan. The techniques
using X-ray are distinguished by a very good specificity and sensitivity at 95% level in
the case of a dual energy X-ray densitometry (absorptiomerty) method but they are
time-consuming and troublesome/inconvenient. They involve exposing a patient to
aharmful effect of X-ray and require using expensive sizeable equipment. The
ultrasound methods are not very reliable as they are based on a measurement of
mechanical properties of the bones which do not reflect the structure and chemical
composition accurately.

A method for analysing’ bone structure described in the British Patent
GB2449226 relates to bio-impedance spectroscopic measurements using an apparatus
equipped with two measuring electrodes. The method consists in generating, with a use
of a generator, at least one standard signal of a defined waveform which is applied to
the bone tissue through the surrounding tissues, skin and muscles and then the electrical
response which is a difference of potentials caused by current flowing through the
analysed tissues is directed to the measuring system using the same electrodes. The data
related to the bone tissue structure are generated in the system.

The apparatus consists of two electrodes connected to a generator of changeable,
arbitrarily selected frequency standard ac current signal and a system monitoring
electrical response of a measuring circuit with a computer generating output data. Both
electrodes are used simultaneously for supplying the current and monitoring the
response concerning the bone tissue density. This method allows to perform a quick,

non-invasive and harmless bio-impedance measurement. However, it does not provide
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the possibility of distinguishing from bio-impedance signal the information describing
electrical parameters of bone tissue alone, especially its spongy part which was intended
to be the subject of analysis by the inventors of the quoted solution. This method does
not- distinguish that the vast majority of measuring current flows through the tissues
surrounding the bones, i.e., muscles, fat tissue and skin which, in this case, are
insignificant from diagnostic point of view. In addition, this method does not
compensate for screening effect of the outer bone surface which is characterized by high
impedance, which might decrease considerably the measuring current flowing through
the inner bone structures.

Summary of the Invention

A method in accordance with the present invention comprises a system of at
least four electrodes placed on the skin covering the soft tissues surrounding the
analysed bones, preferably a long bone, screening potential field is established by the
screening electrodes and the flow of measuring current is forced through the analysed
bone by the measuring current injecting electrodes. At the same time the screening
clectrodes reduce the flow of the measuring current passing through the soft tissues
surrounding‘ the analysed bone almost to zero. The measuring current and potential
responses as well as a phase difference between the potential response and measuring
current are measured at the injecting electrodes. Next on the basis of measured electrical
parameters the structure and chemical composition of bones are determined.

It is advantageous that using the injecting electrodes the measuring alternating
current passing through the surrounding tissues is directed to the analysed bone and at
the same time alternating screening potential inside tissues surrounding the analysed
bone is established at the screening electrodes, then at measuring current injecting
electrodes the potential produced by the flow of measuring current is measured and the
difference of measured potentials is evaluated while the value of the screening potential
is maintained and regulated dynamically at the level proportional to the potential
measured at the measuring current injecting electrodes.

It is also advantageous that during the measurement the frequency of injected
measuring current changes at least once, and at the same time for each frequency of the
injected measuring current the measuring current and the potential at the measuring

current injecting electrodes are measured.
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It is advantageous that the potential produced by the flow of the measuring
current is measured with the additional electrodes measuring the potential produced by
the measuring current flow while the probe electrodes are used to measure the real
screening potential inside the tissues surrounding the analysed bone at the measurement
points. In addition, at the screening electrodes the screening potential is established in
such a way and /or such measuring current is supplied to the injecting electrodes that the
potential at each additional electrode is proportional to the potential at the probe
electrode placed nearest to it, at the same time each of the additional electrodes is
placed near different injecting electrode and each probe electrode is placed near
different screening electrode. It has been found extremely advantageous when the
potential at each additional electrode is equal to the potential at the probe electrode
nearest to it.

The apparatus in accordance with the present invention comprises an interface
for communication with a computer and a microprocessor control system with
akeyboard and a display connected to a block of high sensitivity preamplifiers with
a phase-sensitive detector and a system realizing dynamic screening in parallel and at
Jeast two electrodes are connected to the system realizing dynamic screening.

It is advantageous that the system realizing dynamic screening is connected to
two electrodes measuring the potential produced by the measuring current flow, two
probe electrodes and two screening electrodes.

It is advantageous that the probe electrodes and the screening electrodes which
are placed between the probe electrodes are all positioned between the first pair of
a subsystem of measuring electrodes which comprises a measuring current injecting
electrode and an electrode measuring the potential of the measuring current flow and the
second pair of a subsystem of measuring electrodes which comprises a measuring
current injecting electrode and an electrode measuring the potential of the measuring
current flow.

It has been found extremely advantageous that the first measuring current
injecting electrode is placed on a clamp embracing the wrist of the subject adjacent the
olecranon and the second measuring current injecting electrode is placed on the elbow
support, the first electrode measuring the potential produced by the measuring current

flow is positioned opposite to the electrode placed on the clamp embracing the wrist, the



10

15

20

25

30

WO 2011/102743 PCT/PL2011/000014

second electrode measuring the potential produced by the measuring current flow is
positioned on the clamp embracing the arm adjacent the elbow while the electrodes
measuring the potential at probe points as well as the electrodes injecting the current
establishing the screening potential are placed on the bands embracing the middle part
of the forearm and the electrodes are in the shape of rings or partially open rings.

It is advantageous that the first measuring current injecting electrode is placed
on a clamp embracing the wrist of the subject adjacent the olecranon and the second
measuring current injecting electrode is placed at the elbow support while the screening
electrodes are positioned on the bands embracing the middle part of the forearm and the
electrodes are in the shape of rings or partially open rings.

It is advantageous that the electrodes are limb clamp electrodes and the second
measuring current injecting electrode is an integral part of the apparatus casing.

As will be appreciated the method in accordance with the present invention
allows to eliminate the influence of the tissues surrounding the analysed bone using a
measuring system comprising two electrode sets, i.e., a set of measuring electrodes and
a set of screening electrodes. The measuring current is injected to the analysed system
comprising a bone tissue surrounded by tissues of a different type using a measuring
electrode set placed on the skin which is used simultaneously to measure the potential
difference caused by the injected current flow.

" The additional screening electrode set, at least two electrodes, produces in the
tissue the additional potential reducing current flow through the tissues surrounding the
analysed bone tissue. The additional electrodes are controlled dynamically using an
clectronic feedback system which provides optimal measuring conditions, i.e.,
minimizing the parasitic current flow through the tissues insignificant from the
diagnostic point of view. Dynamic screening forces the measuring current to flow
through the spongy part of a bone which allows to determine its electrical parameters.

High impedance of surface bone layers which in two electrode method
practically makes an accurate measurement of bioelectric parameters of the internal
bone parts impossible, in the case of using dynamic screening effectively stops any
adverse influence of the screening current on the measurement results. In addition the
method for determining bone tissue structure and chemical composition in accordance

with the present invention allows to determine the structure and chemical composition
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especially a degree of spongy bone mineralization quickly and accurately which is
significant in osteoporosis and osteopenia diagnostics. In comparison with other so far
used methods the method in accordance with the present invention enables to eliminate
the influence of other tissues surrounding the bone tissue on the measurement results.

As will also be appreciated the invention provides thevpossibility of producing a
portable apparatus comprising an electrode system which can be placed on the body ofa
subject as well as a small size battery powered measuring device that can be connected
to the PC by a wire or wireless connection providing galvanic insulation.

Brief Description of the Drawings

An example of a method and an apparatus for performing the invention are now
described with reference to the accompanying drawings, in which:
Figure 1 shows a general schematic representation of apparatus for determining the
structure and chemical composition of the analysed bone;
Figure 2 shows the electrode distribution on the forearm;
Figures 3, 4, 5 show a schematic cross section of the bone analysed using eight
electrodes:
Figure 3 shows the density of the analysed bone,
Figure 4 shows the direction of the measuring current and the current produced by the
screening potential,
Figure 5 shows the density of the measuring current and the current produced by the
screening potential.

Description of Examples

Example 1

Method for non-invasive analysing the structure and chemical composition of
bone tissue eliminating the influence of surrounding tissues consists in generating
alternating measuring current I, which is supplied to the tissues surrounding the
analysed bone by measuring current injecting electrodes 1, 2; at the same time
alternating screening potential is established at the screening electrodes 7, 8 which
forces the measuring current flow I, through the analysed bone. Screening potential
value is regulated dynamically and maintained at a level proportional to the potential
measured at the measuring current injecting electrodes 1, 2. The injected measuring

current frequency changes at least nine times in equal intervals in the range from 250
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Hz to 250 kHz during a measurement. Potential at the measuring current injecting
electrodes 1, 2, measuring current I, value as well as a phase difference between the
measuring current injecting electrodes 1, 2 and measuring current I, are measured for
each of ten injected measuring current frequencies. On the basis of measured electrical
values the structure and chemical composition of bone tissue are eveluated.

Example 2

A method for non-invasive analysing the structure and chemical composition of
bone tissue eliminating the influence of surrounding tissues is carried out as in the
Example 1 with the difference that the potential produced by the measuring current Ip
flow is measured with the electrodes measuring potential produced by the measuring
current flow 3, 4 while the potential at probe points is measured with probe electrodes 5,
6. The injected electrical signal frequency is changed seven times. Potential at the
electrodes measuring the potential produced by the measuring current flow 3, 4,
measuring current I, value as well as the phase difference between the potential at the
electrodes measuring the potential produced by the measuring current flow 3, 4 and
measuring current I, are measured for each of eight injected measuring current I,
frequencies. On the basis of measured electrical values the structure and chemical
composition of bone tissues are evaluated.

Example 3

An apparatus for non-invasive analysing the structure and chemical composition
of bone tissue comprises a microprocessor control system equipped with a keyboard and
a display 12 connected to an interface that communicates with a computer 9. The
microprocessor controlling system with a keyboard and a display 12 is connected to
measuring current generating block 13 connected to two measuring current injecting
electrodes 1, 2. A block of high sensitivity preamplifiers with a phase-sensitive detector
10 and a system realizing dynamic screening 11 comprising fast preamplifiers as well as
fast output amplifiers are connected in parallel to the interface that communicates with a
computer 9 and the microprocessor control system with a keyboard and a display 12.
Two screening electrodes 7, 8 are connected to the system realizing dynamic

screening 11.
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Example 4

An apparatus for non-invasive analysing the structure and chemical composition
of bone tissue is the same as in the Example 3 with the difference that two additional
electrodes measuring the potential produced by the measuring current flow 3, 4 as well
as two probe electrodes 5, 6 are connected to the system realizing dynamic
screening 11. Probe electrodes 5, 6 and screening electrodes 7, 8 making up the
screening electrodes subsystem are placed between the first pair of measuring electrode
subsystem comprising a measuring current injecting electrode 1 and an electrode
measuring the potential produced by the measuring current flow 3 and the second pair
of measuring electrode subsystem comprising a measuring current injecting electrode 2
and an electrode measuring the potential produced by the measuring current flow 4. In
the screening electrodes subsystem, screening electrodes 7, 8 are placed between probe
electrodes 7, 8.

Example 5

An apparatus for non-invasive analysing the structure and chémical composition
of bone tissue is the same as in the Example 4, with the difference that a measuring
current injecting electrode 1 is placed on a clamp embracing the wrist adjacent
olecranon, a measuring current injecting electrode 2 is placed on an elbow support, an
electrode measuring the potential produced by the measuring current flow 3 is
positioned opposite the electrode 1 on the clamp embracing the wrist, an electrode
measuring the potential of the measuring current flow 4 is placed on the clamp
embracing the arm adjacent the elbow while probe electrodes 5, 6 as well as screening
electrodes 7, 8 are positioned on the bands embracing the middle part of a forearm. The
electrodes 7, 8 are in the shape of partially open rings.

Example 6

An apparatus for non-invasive analysing the structure and chemical composition
of bone tissue is the same as in the Example 3 with the difference that the measuring
current injecting elecfrode 1 is placed on the clamp embracing the wrist adjacent
olecranon and the second measuring current injecting electrode 2 is positioned at an
elbow support which is an integral part of the apparatus casing. Screening electrodes 7
and 8 are in the shape of partially open rings and electrodes 1, 7, 8 are limb clamp

electrodes.
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The system operates in such a way that measuring current I, and the potential at
measuring current injecting electrodes 1, 2 as well as the phase difference between the
potential at the measuring current injecting electrodes 1, 2 and the measuring current I,
are measured in contact with tissues surrounding the analysed bone tissue using the
electrodes 1, 2, 7, 8 composed of two subsystems which function as measuring and
screening electrodes. Using a pair of measuring current injecting electrodes 1 and 2, the
measuring current I, is injected and using a pair of the electrodes measuring the
potential produced by the measuring current flow 3 and 4, the potential difference
produced by the measuring current I, flow through the tissues surrounding the analysed
bone tissue is measured. The potentials at the established probe points are measured
using a pair of probe electrodes 5 and 6, and the current establishing the screening
potential is injected using a pair of screening electrodes 7 and 8. The positions of the
screening electrodes 7 and 8 are established so as to have them placed between the
groups of the electrodes measuring the potential produced by the measuring current
flow 3 and 4 of opposite potential.. A system realizing dynamic screening 11 containing
fast amplifiers is used to obtain the assumed path of the measuring current I, flow in
the tissue.

For the purpose of the analysis a bone is selected, in which hard bone HB
surrounds spongy bone SB filled with bone marrow, preferably a long bone, on the skin
covering the muscles, on which all electrodes could be placed including the mutual
configuration of probe electrodes 5, 6 and screening electrodes 7, 8 between the groups
of measuring current injecting electrodes 1, 2 and the electrodes measuring the potential
of the measuring current flow 3, 4 of opposite potential.

In addition, the bone is selected in such a way that insulating action of hard bone
HB layer allows to use without any negative influence, the screening electrodes 7, 8 to
analyse spongy bone SB tissue. Preferably the best region of the human body to be
analysed is a forearm at which probe electrodes 5, 6 and screening electrodes 7, 8 in the
shape of clamping ring in the middle part of a forearm are placed while measuring
current injecting electrodes 1, 2 and electrodes measuring the potential of the measuring
current flow 3, 4 are placed on the skin adjacent olecranon near the wrist and the elbow,

respectively.
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The arrows and the line direction in Figure 4 which correspond to the analysed
directions of the measuring current I, flow as well as the current I. produced by the
screening potential flowing through the analysed tissues and current density Ip, L
(Figure 5) show distinctly that the screening potential forces the measuring current J; to
flow through the analysed bone tissue omitting the tissue surrounding it; while current I,
of the screening potential thanks to the insulating properties of the external layer does
not permeate its inside. Shades of grey in Figure 5 mark current density values; the
lighter shades correspond to high values while the darker ones correspond to low
values.

Sensitivity of an apparatus according to the present invention defined as
a relative measured change of electrical values observed when electrical parameters of

the analysed bone tissue are changed by 10% is presented in Table.

Frequency of measuring Sensitivity of known two Sensitivity of an apparatus
current [Hz] electrode device according to the invention

100 0,016% * 4,8%

1000 0,16% 4,7%

10000 0,55% 4,8%

100000 0,58% 6,4%

As it has been presented in the Table the apparatus analysing the structure and
chemical composition of bone tissue eliminating the influence of surrounding tissues in
accordance with the present invention is characterised by a very high sensitivity

surpassing even hundred times the known device sensitivity.
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Claims

1. A method for non-invasive analysing the structure and chemical composition of
bone tissue eliminating the influence of surrounding tissues, wherein using a set of
at least four electrodes (1, 2, 3, 4, 5, 6, 7, 8) placed in contact with the tissues
surrounding the analysed bone, preferably a long bone, screening potential
distribution is established using screening electrodes (7, 8) and using measuring
current injecting electrodes (1, 2) the measuring current (I,) flow is forced through
the internal part of the analysed bone and simultaneously using screening
electrodes (7, 8) the flow of the measuring current (I,) through the tissues
surrounding the analysed bone is reduced almost to zero, then the measuring
current (I,) and the potential at the measuring current injecting electrodes (1, 2)
as well as the phase difference between the potential at the measuring current
injecting electrodes (1, 2) and the measuring current (Iy), are measured; next on the
basis of the measured electrical values the structure and chemical composition of
bone tissue are evaluated.

2. A method according to claim 1, wherein using the measuring current injecting
electrodes (1, 2), alternating measuring current (I,) is supplied indirectly through the

~ surrounding tissues to the analysed bone and at the same time the alternating
screening potential inside tissues surrounding the analysed bone is established at the
screening electrodes (7, 8), then the potential produced by the measuring current (I)
flow is measured at the measuring current injecting electrodes (1, 2) and the
difference of measured potentials is evaluated, while the value of the screening
potential is maintained and regulated dynamically at a level proportional to the
potential measured at the measuring current injecting electrodes (1, 2).

3. A method according to claim 2, wherein the injected measuring current (Ip)
frequency changes at least once during a measurement, and for each frequency of
the injected current the measuring current (I,) as well as the potential at the
measuring current injecting electrodes (1, 2) are measured.

4. A method according to claim 1 or 2, wherein the potential produced by the

measuring current (I,) flow is measured by additional electrodes (3, 4) measuring
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the potential produced by the measuring current (I,) flow, whereas the real screening
potential inside tissues surrounding the analysed bone is measured by probe
electrodes (5, 6) at probe points.

5. A method according to claim 4, wherein the screening potential at the screening
electrodes (7, 8) is established in such a way and/or to the measuring current
injecting electrodes (1, 2) such a measuring current (I) is supplied, that the potential
at each additional electrode (3, 4) is proportional to the potential at the nearest probe
electrode (5, 6), and each additional electrode (3, 4) is placed near a different
measuring current injecting electrode (1, 2) and each probe electrode (5, 6) is placed
close to a different screening electrode (7, 8).

6. A method according to claim 5, wherein the potential at each additional electrode (3,
4) is equal to the potential at the nearest probe electrode (5, 6).

7. An apparatus for analysing the structure and chemical composition of bone tissue
climinating the influence of surrounding tissues comprising in a casing: a
microprocessor control system equipped with a keyboard and a display connected to
an interface communicating with a computer; the microprocessor control system is
connected to the measuring current generating block connected to two electrodes
injecting measuring current. The interface communicating with a computer (9)and a
microproéessor control system equipped with a keyboard and a display (12) are
connected to a block of high sensitivity preamplifiers with a phase-sensitive detector
(10) and a system realizing dynamic screening (11) in parallel whereas at least two
electrodes (1, 2, 3, 4, 5, 6, 7, 8) are connected to the system realizing dynamic
screening (11).

8. An apparatus according to claim 7, wherein two electrodes measuring the potential
produced by the measuring current flow (3, 4), two probe electrodes (5, 6) as well as
two screening electrodes (7, 8) are connected to the system realizing dynamic
screening (11).

9. An apparatus according to claim 7, wherein probe electrodes (5, 6) and screening
electrodes (7, 8) situated between the probe electrodes (5, 6) are placed between the
first pair of measuring electrode subsystem which comprise a measuring current
injecting electrode (1) and an electrode measuring the potential produced by the

measuring current flow (3), and the second pair of measuring electrode subsystem
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which comprise a measuring current injecting electrode (2) and an electrode
measuring the potential produced by the measuring current flow (4)

An apparatus according to claim 9, wherein the first measuring current injecting
electrode (1) is placed on the clamp embracing the analysed subject wrist adjacent
olecranon and the second measuring current injecting electrode (2) is positioned on
the elbow support, the electrode measuring the potential produced by the measuring
current flow (3) is placed opposite the electrode (1) on the clamp embracing the
wrist, the electrode measuring the potential produced by the measuring current flow
(4) is positioned on the clamp embracing the arm adjacent the elbow whereas the
electrodes measuring the potential at probe points (5, 6) as well as the current
injecting electrodes establishing the screening potential (7, 8) are placed on the
bands embracing the middle part of the forearm and the electrodes (7, 8) are in the
shape of rings or partially open rings.

An apparatus according to claim 7, wherein the first measuring current injecting
electrode (1) is placed on the clamp embracing the analysed subject wrist adjacent
olecranon and the second measuring current injecting electrode (2) is positioned on
the elbow support whereas the screening electrodes (7, 8) are placed on the bands
embracing the middle part of the forearm and the electrodes (7, 8) are in the shape of
rings or partially open rings.

An apparatus according to claim 10 or 11, wherein the electrodes (1, 3, 4, 5, 6, 7, 8)
are limb clamp electrodes and the second measuring current injecting electrode (2) is

an integral part of an apparatus casing.
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List of Symbols in the Drawing

measuring current injecting electrode,

measuring current injecting electrode,

electrode measuring the potential produced by the measuring current flow,
electrode measuring the potential produced by the measuring current flow,
probe electrode,

probe electrode,

screening electrode,

screening electrode,

0 % N R WD

interface cooperating with an additional computer,

[
O

. a block of high sensitivity preamplifiers with a phase-sensitive detector,

[—y
Y

. a system realizing dynamic screening,

12. a microprocessor control system equipped with a keyboard and a display,
13. a block generating measuring current,

I, — measuring current,

I, — screening current,

HB - hard bone,

SB — spongy bone
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