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(57) ABSTRACT

A method of measuring tissue mobility includes applying an
oscillatory force to a region of tissue and measuring the
velocity with which the tissue moves in response to the
applied force. Tissue mobility is then determined by a ratio
of the tissue velocity to the applied force.

12 Claims, 2 Drawing Sheets
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MEASURING TISSUE MOBILITY

This application is a continuation of International appli-
cation PCT/AU03/00691, Jun. 3, 2003, the disclosure of
which is hereby incorporated by reference.

FIELD OF THE INVENTION

This invention relates to a method of measuring tissue
mobility. It relates particularly but not exclusively to a
method of measuring tissue mobility by applying a oscilla-
tory force to a region of tissue and measuring the velocity
with which the tissue moves in response to the oscillatory
force, and a system of doing the same.

BACKGROUND TO THE INVENTION

Percussion has been used routinely during chest exami-
nation for many years. Using this technique, a trained
clinician is able to distinguish underlying clinical abnor-
malities by observing the characteristic sounds radiated in
response to a sharp tap to the body surface at the point being
examined. Using this technique, a great deal of information
can be obtained which relates to the condition of the lung,
abdominal and other organs. Clinical abnormalities such as
complete lung collapse (pneumo-thorax), regional lung col-
lapse (atelectasis) and gas trapping in the bowel can be
detected.

When percussion is performed over different areas of the
body, the sound radiated is variously described as dull (over
the liver) or stony dull (associated with a pleural effusion) or
as resonant (over the lung) or hyper-resonant (over the
bowel). The mechanism by which the variation in radiated
sound occurs is not fully understood. However, it seems
likely that the observed “resonance” following percussion of
the lung, bowel or other tissue results from the presence of
gas, and that the high compliance of the gas decreases the
mechanical damping of the overlying tissue. This has the
effect of increasing the mobility of the overlying tissue and
allowing it to resonate following the percussive tap. Con-
versely, where the sub-tissue environment contains princi-
pally fluid, the tissue damping will be increased and the
mobility decreased, resulting in a “duller” percussive sound.

In infants, the tissue in the chest is highly compliant and
percussion is more difficult to perform. This is in part due to
the fact that the force delivered in each tap must be limited
to avoid causing injury to the infant. Further, the adult finger
that is used both as a coupling device and sounding board
between the infant’s body surface and the percussing finger
is too large to be used in tiny infants. Currently, no method
exists which can be safely applied to the newborn infant and
which provides useful information similar to that which is
obtained using traditional percussive techniques which are
applicable for adults.

SUMMARY OF THE INVENTION

According to a first aspect of the invention, there is
provided a method of measuring tissue mobility comprising
the steps of:

(a) applying an oscillatory force to a region of tissue using
a vibrating mass having an oscillatory velocity u,, and
(b) determining an oscillatory velocity u, with which the

tissue moves in response to the applied force;

wherein tissue mobility is determined by a ratio of

the tissue velocity u, to the velocity of the vibrating
mass, U,,,.
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The oscillatory force may be constant, or its frequency
may vary over a period of time. Accordingly, the oscillatory
force may consist of a series of discrete frequencies applied
sequentially, or it may correspond to pseudo-random noise
or white noise wherein a range of frequencies are applied
simultaneously.

In a preferred embodiment, the oscillatory force is applied
using a vibrating mass which is set in motion with a velocity,
u,,. The vibrating mass may be set in motion using an
electromagnetic driver which is coupled to the tissue via a
coupling device. In such an embodiment, the mobility of the
tissue can be determined using:

1

z(f)= "
Zﬂf{u—mmv +mf}

where u, is the oscillatory velocity of the tissue which is
coupled to the vibrating mass;

m, is the mass of the vibrating mass; and
m; is the mass of the coupling device.

In an alternative embodiment, tissue transfer mobility
may be determined. In such an embodiment, a force, oscil-
latory or otherwise, may be applied to a region of tissue and
the velocity with which the tissue moves in response to that
force is measured at a site which is spatially distinct from the
point of force application. Such a measurement may be
useful for determining joint mobility in humans or other
animals.

According to a second aspect of the present invention,
there is provided apparatus for measuring mobility of a
region of tissue comprising:

(a) a force generator driving a vibrating mass with an
oscillatory velocity, u,, for application of an oscillatory
force to a region of tissue;

(b) a tissue velocity determiner producing a tissue velocity
signal u, which corresponds to the velocity with which the
tissue moves in response to the applied oscillatory force;
and

(c) a processor processing the tissue velocity signal u, and
the vibrating mass velocity signal, u,,;

wherein the tissue’s mobility is determined using a ratio
of the tissue velocity, u, to the velocity of the vibrating
mass, U,,.

A single frequency may be applied over a period of time,
or the frequency may be varied sequentially. Alternatively
many different frequencies may be applied simultaneously
in the form or pseudo-random noise or white noise. The
oscillatory force generator may be a magnet supported
within a set of concentric field coils, the field coils being
driven with a swept frequency current. However, any other
appropriate force-generating device suitable for generating
an oscillatory force could be used.

It is preferred that the oscillatory force generator is a
vibrating mass which is set in motion with a velocity, u,,.
This may be achieved using an electromagnetic driver as
described, which is coupled to the tissue using a coupling
device. Accordingly, the mobility of the tissue can be
determined using the equation:
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“(f)= T
Zﬂf{u—mmv +mf}

where u, is the velocity of the tissue which is coupled to

the vibrating mass;

m, is the mass of the vibrating mass; and

m; is the mass of the coupling device.

According to a third aspect of the present invention, there
is provided a data structure comprising:

(a) a first field containing data representing a velocity of a
vibrating mass;

(b) a second field containing data representing a velocity of
tissue; and

(c) a third field containing data representing tissue mobility
derived from the first field and the second field.

In another embodiment, the apparatus may be used to
determine tissue transfer mobility, wherein the oscillatory
velocity at which the tissue moves in response to the applied
force is measured at a location which is spatially distinct
from the region of tissue to which the oscillatory force is
applied.

The apparatus may also include a display device for
displaying a representation of mobility of the region of
tissue, wherein the representation of mobility includes a
graph of mobility versus frequency.

The character of the sound which is radiated following
percussion is determined, at least in part, by the mechanical
mobility and resonant frequency of the tissue interface at the
percussion site. This is, in turn, influenced by the damping
effect of underlying fluid or gas. Accordingly, the apparatus
of the present invention, which is designed to measure
mobility as a function of frequency, is likely to be of clinical
value.

The present invention provides an advantage in that it
requires the use of a smaller peak force than is applied with
the impulse method for determining tissue mobility. Accord-
ingly, it is safer for use in infants. A further advantage of the
present invention over traditional percussive techniques is
that it is less dependent on the clinical experience of the
practitioner and does not require a quiet environment.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will herein after be described in greater
detail by reference to the attached drawings. It is to be
understood that the particularity of the drawings does not
supersede the generality of the preceding description of the
invention.

FIG. 1 illustrates a transducer for use in an embodiment
of the invention where an oscillatory force is applied to the
tissue.

FIG. 2 indicates tissue mobility in a plot of Mobility
(mm-s~'"N') against Frequency (Hz).

DETAILED DESCRIPTION

In principle, mobility can be measured by applying an
impulsive force to tissue and examining the temporal change
in velocity that follows. However, equivalent information
can also be obtained by using a smaller oscillatory force.
This is preferable for testing tissue mobility in infants, as the
highly compliant tissue of an infant’s chest can withstand
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low magnitude oscillating forces, whereas single impulse
forces which are applied in adult percussive techniques are
likely to cause injury.

In the preferred embodiment illustrated in FIG. 1, a small
oscillatory force is applied to the surface of the tissue using
a broad range of frequencies which are applied for a burst of
approximately 5 seconds, although the burst of frequencies
may last for a longer or a shorter period. Mobility can then
be determined at each frequency by measuring simulta-
neously the applied oscillatory force and the resultant tissue
velocity. The frequencies may be applied sequentially, or
simultaneously in the form of pseudo-random or “white”
noise. When pseudo-random frequencies are used, a range of
frequencies are applied at once. Accordingly, the mobility of
the tissue can be determined more quickly.

Referring to the illustration in FIG. 1, a vibrating mass
102 of mass m is set in motion using an electromagnetic
driver. The force generated by the acceleration of vibrating
mass 102 appears as a reactive force. This reactive force is
coupled via coupling device 104 to tissue 106, the mobility
of which is being tested. In the example illustrated in FIG.
1, coupling device 104 is a light-weight frame, the mass of
which includes the mass of field coils 114 which are used to
excite vibrating mass 102. Tissue velocity transducer 108 is
used to measure the velocity, u,, of tissue 106 which is in
contact with frame 104. Vibrating mass velocity transducer
110 is used to measure the velocity, u,,, of the vibrating
mass. However, tissue velocity transducer 108 and vibrating
mass velocity transducer 110 may measure acceleration
from which a value for velocity may be derived mathemati-
cally.

In such an embodiment, where an oscillatory force is
applied to tissue 106, it can be shown that the magnitude of
the combined mobility of tissue 106 and frame 104, as a
function of frequency denoted by z.(f) can be determined
using the following expression.

_ Uy (equation 1)
z(f) = Fosc . 2nfum
where: F___ is the oscillatory force applied to tissue 106;

m, is the mass of vibrating mass 102; and
f is the frequency of oscillation.
By using the known mass of frame 104, it is possible to
deduce the mobility of tissue 106 alone, denoted by z,(f)
using the following expression:

1 (equation 2)

z(f)= “
Zﬂf{u—mmv +mf}

where: my is the mass of frame 104.

In general z,(f) is a complex value and its phase varies with
frequency.

Energy is stored in tissue as a consequence of its mass and
stiffness. This results in the presence of resonant frequencies
which may then be used to characterize different parts of the
body’s surface. Accordingly, analysis of the magnitude and
phase of mobility z(f) as a function of frequency can give
information about the nature of the tissue under test. There-
fore, periodically measuring tissue mobility and monitoring
the changes in tissue mobility with time may indicate the
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presence or development of underlying disease and/or may
be used to identify changes in the fluid or gas content of the
underlying tissue.

In the embodiment of FIG. 1, reactive mass 102 is a
cylindrical magnet forming part of a motor assembly. Reac-
tive mass 102 is suspended on two flexible spider supports
112 within a concentric set of field coils 114. Field coils 114
are driven with a swept frequency current so that the reactive
mass 102 is set in motion at the driving frequency. The
reactive force generated by the motion of the reactive mass
102 is coupled to tissue 106 via frame 104 as previously
described.

In the embodiment of FIG. 1, tissue velocity transducer
108 and vibrating mass transducer 110 are accelerometers.
The output from these accelerometers is sent to a processor
where the magnitude and phase of the tissue mobility is
calculated using equation 2 and then displayed. A typical
display of values which are obtained in a mobility measure-
ment in accordance with the present invention is shown in
FIG. 2.

It is to be understood that a number of other motor types
could be used to provide vibrating mass 102. These motor
types include but are not limited to electrostatic and pneu-
matic types. Further, the size of the part of the apparatus
which contacts the tissue is readily scalable for different
applications in both pediatric and adult medicine, depending
on the types of transducers used. Moreover, it is to be
understood that, by characterizing the motor or by using
electronic feedback to regulate the velocity of vibrating
mass 102, it is possible to eliminate vibrating mass velocity
transducer 110, thereby simplifying the apparatus. In a
further adaptation, tissue velocity transducer 108 may be
made mobile so that the mobility of tissue at one part of the
body can be measured in response to vibration at a spatially
different part of the body, providing a measurement of tissue
transfer mobility.

The present invention may also be used to measure and/or
analyze tissue impedance, Z(f), where impedance is the
inverse of tissue mobility, z,(f), as shown in equation 3.

(equation 3)

Various alterations, additions and/or modifications may be
made to the parts previously described without departing
from the ambit of the present invention.

What is claimed is:

1. A method of measuring tissue mobility comprising the
steps of:

(a) applying an oscillatory force to a region of tissue using

a vibrating mass having an oscillatory velocity u,,; and
(b) determining an oscillatory velocity u, with which the
tissue moves in response to the applied force;
wherein tissue mobility is determined by a ratio of the
tissue velocity u, to the velocity of the vibrating
mass, U,,.

2. A method of measuring tissue mobility according to
claim 1 wherein the frequency of the oscillatory force is
varied over a period of time.

3. A method of measuring tissue mobility according to
claim 1 wherein the oscillatory force corresponds to pseudo-
random noise or white noise.

4. A method of measuring tissue mobility according to
claim 1 wherein the force is applied using a vibrating mass
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which is set in motion, with oscillatory velocity u,,, using an
electromagnetic driver which is coupled to the tissue via a
coupling device.

5. A method of measuring tissue mobility according to
claim 4, wherein the mobility of the tissue, z,(f) is given by:

1

z(f)= “
Zﬂf{u—mmv +mf}

where m,, is the mass of the vibrating mass; and

m; is the mass of the coupling device.

6. A method of measuring tissue mobility according to
claim 1 wherein the velocity at which the tissue moves in
response to the applied force is determined at a location
which is spatially distinct from the region of tissue to which
the force is applied.

7. A method of measuring tissue mobility according to
claim 1 comprising the additional step of providing a visual
representation of the velocity at which the tissue moves in
response to the applied force.

8. Apparatus for measuring mobility of a region of tissue
comprising:

(a) a force generator driving a vibrating mass with an
oscillating velocity u, for application of an oscillatory
force to a region of tissue;

(b) a tissue velocity determiner producing a tissue veloc-
ity signal u, which corresponds to the velocity with
which the tissue moves in response to the applied
oscillatory force; and

(c) a processor processing the tissue velocity signal u, and
the vibrating mass velocity signal u,,,;
wherein the tissue’s mobility is determined using a

ratio of the tissue velocity u, to the velocity of the
vibrating mass, u,,.

9. Apparatus for measuring tissue mobility according to
claim 8 wherein the force generator is a vibrating mass
which is set in motion with an oscillatory velocity u,,,, using
an electromagnetic driver which is coupled to the tissue via
a coupling device.

10. Apparatus for measuring tissue mobility according to
claim 9, wherein the mobility of the tissue, z(f) at a
frequency f is given by:

1

z(f)= "
Zﬂf{u—mmv +mf}

where:

m, is the mass of the vibrating mass; and

m; is the mass of the coupling device.

11. Apparatus for measuring tissue mobility according to
claim 8 wherein the force generator applies an oscillatory
force to a region of tissue which is spatially distinct from the
location of the tissue velocity determining means.

12. Apparatus for measuring tissue mobility according to
claim 10 further comprising a display device for displaying
a representation of mobility of the region of tissue, wherein
the representation of mobility includes a graph of mobility
versus frequency.



