METHOD AND APPARATUS FOR EVALUATI NG THE PROGRESS OF OSTEOPORCSI S BY
ULTRASONI € SI GNALS The present invention relates to a nethod and apparatus
for ®eval uating the progress of osteoporosis by utilizing ultrasonic
signa#g@ Wth an increase in popul ation of qped people, there is a rapid

i ncre¥§® in nunber of patients who suffer froma disease called

ost eoporosi s, which causes fractures of bone a It I’ ng a great
concern in the nedical M%%ﬂ' ,305%%@%@3&i&v ntent in a
bone structure, crackjng i

d, dangg £ e
deterioration in the STrersh-6 "‘;---' 10% of

men who are nore than 60 years old are said to be suffering from
osteoporosis. If .a synptom of osteoporosis is discovered at an early stage,

it may be possigie® disdiitequivetiol G Mt P ek toP farid Arffiatarbd W TN

a variety of nedica
for evaluating the progress of osteoporosis by utilizing

ultrasonic signals.

With an increase in population of aged people, there is
a rapid increase in number of patients who suffer from a
disease called osteoporosis, which causes fractures of
‘bones, and it is becoming a great concern in the medical
field. With a decrease in the calcium content in a bone
structure,. cracking.aﬁd damage of hones are easily
caused by deterioration in the strength of bone. About
30% of ﬁomen_énd'about 10% of men who are more than 60
years old are said to be suffering from osteoporosis.

If é~symptom of 6stebporosis is discovered at an early
stage, it may-ﬁb'posgible to effectively prevent the
_progress of-tﬁg.disease with a variety of medical
treatments. it ig, therefore, veﬁy important to undergo
a mgdic;l exaﬁihation at regular intervals in order to
detedf the disease in its early stages. Heretofore, it
has been practiced to preéstimate the degree of progress
of the osteoporosis by meaéuiing bone mineral content
ijMcj by roentgen irradiétion (X-ray) or by gamma

" radiation.

 ﬁowever, the radiation is very harmful to the living



treatments. It is, therefore, very inportant to undergo a nedica

exam nation at regular intervals in order to detect the disease in its’
earty stages. Heretofore, it has been practiced to preestimate the degree
of pr Qgr ess of the osteoporosis by neasuring bone.mineral content (BMC) by
roent’gen irradiation (X-ray) or by gamma radiation. However, the radiation
Is ¥Yery harnful to the living = 2 body, and people ranging from about 50
to over 60 yeabedyldamdoreophe kangingt £5p8r 8bpPYtaffl FOsPYRENBPYSAFS wonen
have had to undergo such a hazardous nedical exanination by the use of

radi ation. |n @t@eWhoomightdhayenhogtrapParasts PP@aPﬂﬁﬁfﬁePﬁgPEsﬁgve been

proposed women have had to undergo such a hazaidous medical
examination by the use of radiation. 1In order to avoid
such a hazardous treatment, there have been proposed
apparatuses for evaluating osteoporosis by utilizing
ultrasonic signals which are not harmful to the human

body.

For example;_there have been proposed some apparatuses
wherein an ultrasonic signal is transmitted to a patient
to determine a velocity of sound and attenuation in a
bone structure from a signal received, aﬁd the data
received are used as indicators for evaluation of the
disease (for example JP-A-1-503199, JP-A-2-104337, and

JP-A-4-541519).

As shown in Fig. 17 of the accompanying drawings, an
indicator of ’'stiffness’ which is computerized from
information obtained'by transmigssion of an ultrasonic

| signal is plotted on the vertical axis, and ’'age’ is
plotted along the hbrizontal axis to draw a graph of the
data of an average healthy person. Then,.an indication
is made, by plotting the data thereon, to show how
different a patient (person being examined) is from a
healthy person, and a determination is made whether the

patignt is under normal condition or the patient

‘l

requires immediate médical_treétment.

N



apparatuses for eval uating osteoporosis by utilizing ultrasonic signals
whi ch are not harnful to the human body. For exanple, there have been
proposed sonme apparatuses wherein an ultrasonic signal is transnmitted to a
patient;to determne a velocity of sound and attenuation in a bone
struct&ire froma signal received, and the data received are used as

i nditators for evaluation of the disease (for exanple JP-A-1-503199,

JP- A- 2- 104337, Exain Jthe\-shadpdint of aipanient,Fithe patifenthanagtconpanyi ng
drawi ngs, an indicator of 'stiffness' which is computerized from

i nfor mati on obtundewstand rhow fax s grongd tlian dsofiromigmdimage pl otted on

the vertical axjs, and 'age' islﬁ£otted al ong the horizontal axis to draw a

graph of the d&PR¥a¥RA LAMRAR MEHLIR aatahdarfaprvad iR & is

made, Dby pl Ottit?egaftr}?y dﬁ‘éé"sé:?.e“’lfé‘ﬁééé’r,s vg r};,\Oa\%.en'l: hardly obtains a
satisfactorf explanation how it relates to the progress
of osteoporosis and how the condition of the disease is
.progressing.even if he asks for an explanation from

doctors and nurses.

An object of thé present invention is to provide a
method and apparatus fof evaluating the progress of
osteoporosis whe:ein a computerized image is provided to
show the internal condition of a bone structure so that
doctors and nurses may eéSily explain the.progress of
the disease to the patient (person being tested) while
the patient.may recognize the progress of the disease

from the image displayed on the computer.

In recent years, it has become a serious problem that
there are many people who_suffer from infection in
hospital by Methicillin Resistance Staphylococcus Aureus
(MRSA). MRSA, whiéh may cause an.infection in hospital,
is not strong enduéh to cause harm to a healthy person;
hbwever, aged”pebpie and those of declining physical
strength-a;e affected by the infection, and easily
attacked with the disease. Generally, osteoporosis is
related to aged people, and therefore such a problem of

infection in hospital cannot be ignored. -



% different a patient (person being examned) is froma healthy person, and a
- determnation is nade whether the patient is under normal condition or the
. pati¥ent requires i medi ate nedical treatnent. 3 Fromthe standpoint of a
. patientd, the patient may understand how far his condition is froman inmge
di spl ayed conparing with a standard curved |#ne of a healthy person
" However, the patient hardly obtains a satisfactory explanation how it
rel ates to the Ppnoghesusef obfsacopnvestionall ubtrasentontransiduoér twieich
~disease is progressing even if he asks for an explanation from doctors and
. nurses. An obj et provhdedrwithtaiconbaineribagoopribis deead portion, it
has been practiced to serilize by alcohol the surface of
the container bag and the measured part of the patient;
however, there still remains a riék of infection in

hospital by MRSA.

| Ahother object-of-tﬁe present invention is to provide an
apparatus for diagnosing osteoporosis wherein a
container bag which always comes in contact directly
with a patient (person being tested) is abandoned after
an examination.is finished, and is replaced with a new
container bag for every patient so that possible riék of

infection can be avoided.

The feature of the present invention is to indicate a
shape of a bone which is equivalent to a shape based on
a quantitative parameter showing a feature of the shape
of a bone by making use of characteristics of a large
difference in the velocity which is made when an
ultrasonic signal is pfopagated through a bone (solid
matter) and marrow (liquid) in a hard tissue wherein a
ratio in length between the solid matter and liquid is
found while obtaining a ratio of area a bone occupies by
measuring it in two directions intérsecting at right -
angles or by measuring it at more than two pértions in

the same plane (like a movement of an iron when ironing).



met hod and apparatus for evaluating the progress of osteoporosis wherein a
conputerized image is provided to show the internal condition of a bone
structure so that doctors and nurses may easily explain the progress of the
dlsea§e to the patient (person being tested) while the patient may
recognlze the progress of the disease from the | mage di spl ayed on the
conputer. In recent years, it has becone a serious problemthat there are
many peopl e whdoser marticwhardyec When of tieeperoai shy siveval urtedn besi st ance
St aphyl ococcus Aureus (MRSA). MRSA, which may cause an infection |n
hospital, is n t*%ﬁﬂiﬂ@'@HG&@ﬁ°P6°c&&§€aH&rnPPo“&tﬁéappﬁf BdE88%; ifovever,

o ectton, - and GEANR m?%e&%%'@b”h”ﬂﬁ%?yi . oFc2atlLier of) §. 5%%%3&2%2.“5 s
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propagated in a bone structure. Then, based on the
proéagation velocity of transmission obtained, a
two-dimensional ratio of a compact bone to a bone
structure (hereinafter called Au) is computed from a
one-dimensional ratio of a compact bone to a bone
structure (hereinéfter.called Eu) by a predeterminéd
calculation formula. By making use of a fractal
dimension which corresponds with said Eu, a chart which
suffice said Au is then drawn by utilizing a
computerized drawing program preliminarily provided. By
comparing the imaée drawn on the chart with an image of
a bone of a healthy person, the progress of osteoporosis

is evaluated.

A container bag ﬁhiéh éontains_mixed_solution is
removably attached to the head of an ultrasonic probe.
More particularly, an expandable container bag which
contains liquid sﬁch as watei and mixed solution is
fixed to a cassette-in a manner to position its

protrusion in a lateral direction.

The other side of the cassette which is the opposite
side of the protrusion is removably attached to the

outer circumferénce of said ultrasonic probe so as to



4 In the use of a conventional ultrasonic transducer which is provided with
a container bag on its head portion, it has been practiced to serilize by
al cehol the surface of the container bag and the measured part of the
patiept; however, there still remains a ris% of infection in hospital by
MRSA. $%not her obj ect of the present inventidn is to provide an apparatus

f or *di agnosi ng ost eoporosi s wherein a contai ner bag which al ways cones in
contact directGyPRRYN SOREAGEWLEh thehord RFf (e RPoPe. abandoned after an
exam nation is finished, and is replaced with a new contai ner bag for every
patient so that possible risk of infection can be avoi ded.

When the progress of osteoporosis is evaluated, for
example, a pair of ultrésonic probes consisting of
transmitter and receiver are brought into contact with a
heel bone, and a propagation time transmi;;ed through a
bone structure is measured. Then, a velocity of
propagation is computed from said measured propagatiqn
time, and based on the data of an ultrasonic pfopagation
Qelocity, an Au iS-calculated and computerized by a
predetermined calculation formula, and at the same time
a diagram equivalent to a shape of a bone in a heel bone
is indicated on the display of a computer. Comparing
with a shape of bone of a healthy person, the image
'displayed is sorted bf color showing a portion of lost

bone in red.

On the other hand, when an effect of medical treatﬁent
gradually appears after diagnosis as osteoporosis, a
portion of increased bone is colored in blue to show a
change by coldr. By recognizing an area sorted by
color, a patient.(person'being examined) is able to
practically grasp the progress of the diéease, 6:,'on
the contrary, the effect of the medical treatment being

undertaken.

At the time of measurement, a container bag of said

ultrasonic probe which is brought into contact with the



The feature of the present invention is to indicate a shape of a bone which
I s equivalent to a shape based on a quantitative paraneter show ng a
feature of the shape of a bone by naking use of characteristics of a large
difference in the velocity which is made when an ultrasonic signal is
propatjat ed t hrough a bone (solid matter) and marrow (liquid) in a hard

ti sSue wherein a ratio in length between the solid matter and liquid is
found whi |l e obhgedi of @ patient (Pexson heiagexaicedly isexapliacedt in
two directions intersecting at right angles or by neasuring it at nore than
two portions i Withe asfew omenfon Every ReR togerhexr 3 Eheéh ironing).

5 More particularly, when ostegporosis is evalyated b
P cass%tte to whic pthe container Lf:a.g (15 yfixed 80 that any

possibility of receiving infection in hospital can be

avoided.

The invention will be further described by way of
' example only, with reference to the accompanying

drawings, in which:

Fig. 1 is a perspective view showing schematically
an apparatus for evaluating osteoporosis to which the
present_invention is applied;

Fig. 2 is an explanafory view showing an electric
circuit of the apparatus shown in Fig. 1;

Fig. 3lis a.perspective view schematically showing a
measuring section provided with ultrasonic probes;

Fig. 4 is a sectional view showing a relatibn
between ultrasonic probes'and a container bag;

Fig. 5 is a sectional view shbwing another sample of
a cassette to which the container bag shown in Fig. 4 is
fixed;

"Fig. 6 is an explanatory view showiné an example of
a moving devicé by which ultrasonic brobes attached to a
cassette are moved;

Fig. 7 is an explanatory view showing how a
measurement is conducted by transmitting an ultrasonic

signal'to a heel bone;



utilizing ultrasonic signals, an ultrasonic signal is transmtted into a
“heel bone or patella of a person being exam ned to determ ne a velocity of
tramsm ssion propagated in a bone structure. Then, based on the propagation
vel ocity of transmission obtained, a two-dinensional ratio of a conpact
bone fgp:a bone structure (hereinafter called Au) is conputed froma

one~<di nensional ratio of a conpact bone to a bone structure (hereinafter
call ed Eu) by a pr &ig.er@riisedrc @ixpllantatory oriraw shdwingiowg ause of a
fractal dinmension which corresponds with said Eu, a chart which suffice
sai d Au is themeasawengnl iy jcandyctesh Muttaransad thing mp pdgegenic
prelimmnarily provided. By conparing the image drawn on the chart with an
i mge of a bon®igmal & BRYRIAPen, the progress of osteoporosis is

evaluated. A cont alﬂ%r. tb"jlgis\l\lhalnc %x%%rgn%ltrbsryr_n Xve‘J.dewS Oslhuotv}i%ng IaS case when a

shape of cancellous bone is drawn with assistance of
computer;

Fi@. 10 is another explanatory view showing a case
when a shape of cancellous bone is drawn with assistance
of computer;

Fig. 11 is an explanatory view showing a shape of
cancellous bone artificially drawn with assistancé of
computer;

Figs. 12A and 12B are graphs showing a relation
between an Au and a fractal dimension;

Fig. 13 is an explanatory view showing shapes of
cancellous bone of healthy persons by age group;

Fig. 14 is an explanatory view showing the Aﬁ in
stages;

Figs. 15A and 15B are explanatory views showing the
Au of a person being.é;amined and.that of a healthy
‘person; | _

Figs. 16A throughllsc are explanatory views showing

| a change in.the_Au of the same person with passage of
- time; and
Fig. 17 is an expianatdry view showing the result of

evaluation made by conventional ultrasonic evaluation.

Referring to the accompanying drawings, there will now




renovably attached to the head of an ultrasonic probe. Mre particularly,
an expandabl e cont ai ner bag which contains liquid such as water and m xed
solation is fixed to a cassette in a manner to position its protrusion in a
| ateral. direction. The other side of the cassette which is the opposite

si de ‘ofs the protrusion is renovably attache® to the outer circunference of
said ultrasonic probe so as to 6 closely contact wwth the head of the
probe. Wien t hbepdegicaddedf ams appadadsiss tios winighu fhed presensx amyeatianpai r
of ultrasonic probes consisting of transmtter and receiver are brought
into contact wieha®pprdded.bone, and a propagation tinme-transmtted through a

In Fig. 1, numeral 1 represents a main body of a
computer including CPU, ROM, RAM, 2 iepresents a CRT for
display, 3 a printer, 4 a keyboard for input processing,
5 a measuring section provided with a footboard for
placing a foot of person being examined, and ultrasonic
probes connecteﬁ to an ultrasonic transmitting
transducer and an ultrasonic receiving transducer, and 6

a floppy disk of auxiliary storage.

Fig. 2 is an electric circuit diagram showing a relation
how the measuring section 5 which includes ultrasonic
probes connected to ﬁltrasonic transmitting and
receiving transducers is connected with the computer,
wherein each one of the ultrasonic probes 5a and 5b are
connected with ultrasonip transmitting and receiving
transducers 8 through a relay substrate 7. An electric
'pulse signal t:aﬁsmitted from the ultrasonic probe 5a is
converted to an ﬁltrasonic siénal by a piezoelectric
element to be transmitted toward the ultrasonic probe
5b. In the ultrasonic probe 5b, the ﬁltrasonic signal
is converted to an electric signal again by a

piezoelectric element.

The ultrasonic transmitting and receiving transducers 8

are connected with an A/D converter 11 through a filter



bone structure is neasured. Then, a velocity of propagation is conputed
fromsaid neasured propagation tine, and based on the data of an ultrasonic
propagation velocity, an Au is cal cul ated and conmputerized by a
predeterm ned cal cul ation formula, and at the same tine a di agram

equi vdl'ent to a shape of a bone in a heel bbYhe is indicated on the display
of a conputer. Conparing with a shape of bone of a healthy person, the

i mage di spl aye® ardsampbiifberctf.or Thewlilter freliiod natdsosttoward i n red.
On the other hand, when an effect of nedical treatnent gradually appears
after di agnosikigh Exedeeneysfrom RBRigrem f ithe addapsome is colored in
bl ue to show a change by col or. By recogni zing an area sorted by color, a
pati ent (persohrdRsRbtiing and)receling br 19ex8 18, Aok Fransmitsyr ess

g;i ;ge d SeasCy E{Qngf Eé‘_etﬁgr‘;&gﬂﬁégel&ffect of the nedical treatnen

The A/D converter, on the other hand, converts a signal
transmitted from the amplifier 10 into a digital signal
to send data to the CPU in the main body of the computer
1.

Based on a signal transmitted from the ultrasonic
transmitting and receiving transducers 8, the CPU in the
main body of the computer 1 performs a computing process
to assume a two-dimensional ratio of a compact bone to a
bone structure (hereinafter called Au) and a shape of
the bone structu:e. The ultrasonic transmitting and
recéiving transducers 8 are also connected with the CPU
in the main body of the computer 1. On the other hand,
the CPU is connected with the CRT 2, printer 3 and FD
device 6'to outpuflthe result of a computation to those

devices. The_CPU also stores memory.

Fig..3 shows the appearance of an essential part of said
measuring section 5 which is provided with ultrasonic |
probes connected with the ultrasonic transmitting and
receiving transducers. A footboard 21 is bent
substantially at a right angle, and consists of a

surface 21la which.éuppdrts the sole of a foot and a



undertaken. At the tinme of neasurenent, a container bag of said ultrasonic
probe which is brought into contact wth the 7 heel of a patient (person
bei ng exam ned) is replaced with a new one for every patient together with
a cassglte to whi ch the container bag is fldg so that any possibility of
recei Vidig i nfection in hospital can be avoi The invention will be

further descri bed way, of exanmpl e onI wth reference tqQ the
acconpanyi ng dr%\’\f%g %\bvﬁ?ﬁ‘ﬂ" %Pmi §aden g‘fﬁ:‘t‘?‘*/e _ LoRkhenyd
schema_t ically afl af)g)ah?,t‘g& cf)r(xjra vaasleuaﬂ‘ng psteopor osis to which the

The ultrasonic probe 5a is fixed on the side of the base
22, and the other ultrasonic probe S5b is loosely fitted
to a groove 22a which is provided in the base 22.
Further, the probe 5b is attached movably in a lateral

direction by operation with a handle 23.

More particularly, when the handle 23 is moved
vertically as shown in Pig. 6, a lever 17 is moved
laterally with a shaft 16 as fulcrum by a link-lever
mechanism, and a slide block 5B to which the ultrasonic
probe 5b is fixed is moved laterally in a horizontal

direction. |

A film container bag 31 made of synthetic resin is
filled with water and gelled liquid, and is fixed:'to a
thin cylindrical cassette 30 th;oﬁgh a round washer 32
in the inside of a hollow section such that it is
protruded spherically in a lateral direction as
illustrated in Fig. 4. ' The cassette 30 is screwed on
the outer circumferenee of the ultra#onic probes 5a and
5b so as to closely contact with the bag 31 having the
sﬁherical protrusion and head portibns'35a, 35b of the

ultrasonic probes 5a, 5b on the other side.

As shown in Fig. 5, a cassette 33 which is fixed to the



© A, e g,

present invention is applied; Fig. 2 is an explanatory view show ng an
electric circuit of the apparatus shown in Fig. 1; Fig. 3 is a perspective
vi ew schematical ly showing a nmeasuring section provided with ultrasonic
probesgFig. 4 is a sectional view showi ng a,pelation between ultrasonic
probes%and a container bag; Fig. 5is a sectioOnal view show ng anot her
sanple of a cassegte to_whi ch the container

sho n. Fi IS f
Fig 6 i's an exBPHRZLGA} FoRRALASH Bgaﬁ1e§<§nﬁ88°8? nﬁ(frFﬁghaévFEet
whi ch uItrasonlc robe %tta%h d-to_a gg g g% nnveg g ﬁbs an
expl anatory vi e SfGWg ASE ﬁﬁggﬁ?e nt"Ps"eonatict el ﬁ?n?rgﬁs Pting an
ul'trasonic S'gnﬁ&obgsa Q?%habsﬁ? More particularly, since the outer
circumference of the'cassette 33 is fixed by a ball énd
spring mechanism 34, the cassette 33 to which the
container bag is fixed'may be removed by a one-touch
operation by pushing or pulling a flange section 33a of
the cassette 33. In place of the container bag 31, a
container made of silicone may also be preferably

utilized.

When a foot 6f patient (person being examined) is placed
on the footboard 21 as illustrated in Fig. 7, in other
words at the time an ultrasonic signal is transmitted
for making a.measurement and diagnosis of osteoporosis,
the heel comes into contact with the side of the
ultrasonic probe 5a. Then, another ultrasonic probe 5b
is moved laterally by operating the handle 23 to be
brought into contact with the other side of the heel in
order to hold the heel between the ultrasonic probes Sa
and 5b. A measurement and di#gnoéis of osteoporosis is
conducted under such a state by transmitting ultrasonic.
signals. When the measurement and diagnosis are
finished, the ultrgsonic probe 5b is moved away from the

heel by operating the handle 23.

Prior to placing a foot of new patient (person to be

examined) on the footboard 21, either one of the



8 Fig. 8 is an explanatory view show ng how a neasurenment i s conducted by
transmtting an ultrasonic signal to a patella; Fig. 9 is an explanatory
vi ew showi ng a case when a shape of cancellous bone is drawn with
assi stance of conputer; Fig. 10 is another explanatory view show ng a case
when @ shape of cancellous bone is drawn wi t¥ assistance of conputer; Fig.
11 i's an explanatory view showi ng a shape of cancellous bone artificially
drawn with assicasmettef3dopuassetiieqg30 WA cdnd sl PR cariclegt agpith thewi ng a
rel ati on between an Au and a fractal dinension;
container bag 31 is removed from the block 5A or slide
block 5B to be replaced with a cassette 33 or 30 to

which a new container bag 31 is fixed.

In the case of the cassette 30 shoﬁn in Fig. 4, for
example, the ultrasonic probes 5a, 5b are unscrewed for
repiacement. On the other'hand, in the case of the
cassette 33 iliustrated in Fig. 5, the cassette is
pulled out of the hollbw section of the block 5A ox
slide block 5B by pulling the flange section 33a. ‘Since
the outer circumference of the'cassette 33 is attached
by the ball and spriné mechanism 34, it may be easily

replaced by a one-touch operation.

An ultrasoﬁ@c signal is transmitted from the ultrasonic
probe 5a and is received by the other ultﬁasonic probe
5b. As shown in Fig. 2, a signal from the ultrasonic -
probe 5b is transmitted to the ultrasonic transmitting
and teceiving transducers 8 through the relay substrate
-7, and the time an ultrasonic signal transmits through a
bone structure is measuied. Then, a signal from the‘
ultrasbnic transmitting and receiving transducers 8 is
transmitted to the main body of the computer 1 through
the filter 9, amplifier 10 and A/D.converter 11. In the
main body of the computer 1, a velocity of propagation
of the ultrasonic signal transmitting through the bone

structure is computed from the measured ultraspnic



Fig. 13 is an explanatory view show ng shapes of cancell ous bone of healthy
persons by age group; Fig. 14 is an explanatory view showing the Au in
stages; Figs. 15A and 15B are explanatory views showi ng the Au of a person
bei ng .gxam ned and that of a healthy person; Figs. 16A through 16C are

expl arzit ory vi ews showing a change in the Aul8f the sane person with
passage of time; and Fig. 17 is an_ explanatory view showi ng the result of
eval uati on nadetﬁ?n%BhVE%PgoﬁhmeuP%PﬁSoﬁPE gégkancrohetrerar thRg to t he

acconpanying dr&y%gggbnige£soggglsgoghd 58 is known.

A one-dimensional ratio of a compact bone to a bone
structure (hereinafter called Eu) is computed from the
measured velocity of propagation by the following

equation 1.

1/va - 1/Vb
Eu = ... Equation 1
1/va - 1/Vc
where,

Vb: Ultrasonic propagafion velocity in bone
(1500m/s) :

Va: Ultrasonic propagation velocity in marrow
(1500m/s)

Ve: Ultrasonic propagation velocity in
compact bone (3000m/s)

The Eu means a ratio of compact bone (solid
suhstancé) against marrow (liquid) and compact bone
(solid substanee) seen in one dimension (longitudinal
direction). 1In other words, the heel and knee generally
consist of soft tissue (skin and fiesh portions) and
hard tissue (bone portionj, and the hard tissue (bone
portion) consists of cortical bone, cancellous bone

{mixture of'bone-and marrow) and marrow.

Since the ultrasonic signal is practically transmitted
through the entire heel portion (solid and liquid



be described an apparatus to which the present invention is applied. In
Fig. 1, nuneral 1 represents a main body of a conputer including CPU ROM
RAM- 2 represents a CRT for display, 3 a printer, 4 a keyboard for input
procg§§ing, 5 a neasuring section provided with a footboard for placing a
f oot ‘@f person being exam ned, and ul trasonit’ probes connected to an
~ultrasonic transmitting transducer and an ultrasonic receiving transducer,
and 6 a fl oppy RAZYLQAS buihe Hltrasanife veiepity means ARAVYIRAIS rcui t
diagran1shomﬁnggg.relation how t he. measuri ng section 5 which includes

ul trasoni ¢ pr o Qe teapsmt thed Jhraugh r iakk.ng They hekleirenfsion

transducers i s ,connected wi.th the uter, whgrein each e of the

ul trasoni ¢ pr otds %%F‘%ﬁilcﬁ @%r?%se}%? hte(lﬁ t cé) arffift tting and

receiving transdycelSodod i Mt {S dhpeaPH A st at FL A€ Y ddde, ana
therefore making an evaluation at this portion is

considered most proper.

An Au is obtained from the Eu which has been obtained,

by the following equation 2.
Au = Eu x Eu e Equation 2

The Au is a ratio of portion a compact bone (solid
substance) ié cb#tained against the compact bone (solid
substance) and marrow (liquid) in a fixed area. The
data which hava been measured by ultrasonic signals are
calculated Sy the computer and expressed on a

two-dimensional image as an internal bone infqrmation.

Fig. 8 shows a case when a knee portion is measured by
ultrasonic signals in place of a heel portion shown in
Fig. 7. In this case, a pair of the ultrasonic probes
5a and Sb are'brought in contact with the knee in a
horizontal direction (X-X direction) and a vertical
direction (Y-Y direction) which intersects the X-X
direction at a right angle for measurement. From an
ultrasonic propagation velocity which has been obtained,
ah Eu is determined by the equation 1 for both X



pul se signal transmitted fromthe ultrasonic probe 5a is converted to an

ul trasoni c signa

by a piezoelectric element to be transmtted toward the

ul trasonic probe 5b. In the ultrasonic probe 5b, the ultrasonic signal is
- convegied to an electric signal again by a piezoelectric elenment. The

ul t r @i c transmtting and receiving transdug&ers 8 are connected with an
Al Dconverter 11 through a filter 10 9 and anplifier 10. The filter 9
el i m nates | ow éinckeditpdn f andUENdiréctiomE STlgew, @i Aweiglldompwited from
transmtting and receiving transducers 8, and transmts a signal to the
anplifier 10. Tthe AW dunvehe cfolbowime equetidmidl, converts a signal

Au = EBEux x EBuy ' ... Equation 3

A diagram which suffice said Au is then drawn by

utilizing a predetermined drawing program, and a fractal

dimension is obtained from an image drawn.

A method of artificially'drawing a diagram of the shape

of a bone will be described hereinafter seeing a

geometrical pattern of a bone in bone structure as

two-dimensional.

First, a square (picture element of 240 x 240, for

example) is drawn as a foundation, and then elliptical

basic holes (PxQ pieces) are punched. The central

coordinates of basic holes are made as points on a

zigzag lattice as shown in Fig. 9 in order to eliminate

excessive irregularities in the thickness of a bone on

an image of the bone. Then, n pieces of osteoclast

developed into m stages are generated on the surface of

the bone to apprbximate it to the shape of the

geometrical pattern of a bone.

More particularly, an elliptical hole which is smaller

than the basic hole is punched centering at a position

deflected to some degree from the central coordinates of



transmtted fromthe anplifier 10 into a digital signal to send data to the
~CPU in the main body of the conputer 1. Based on a signal transnitted from
the-ultrasonic transmtting and receiving transducers 8, the CPU in the
mai n body of the conputer 1 performs a conpufjing process to assune a
t wo- d&gffensi onal ratio of a conpact bone to al bone structure (hereinafter
cal I'ed Au) and a shape of the bone structure. The ultrasonic transmitting
and receivi ng ttkmRRLe sheles card sthe pertien mpinteddrellagk tife main
body of the conputer_1. On the other hand, the CPU is connected with the
CRT 2, printer SOBHAErPHARS 2 POXHLRRTS Hehe RANe iF desidiR¥f%td%n to

an sssenti ol partturceafed AEHen TEoo TR AT n 6 kB wi ch
ul'trasonic probgg, CONNEE'SY $bilaid Hhdd GG A LAY of

bone. At this stage, a fractal dimension is affected by

the size and number of basic holes, or by the values of

m and n.

A shape of a bone which is artificially_dfawn is
illustrated in Fig. 11. 1In this figure, the portion
indicated by oblique lines represents marrow, and the

white portion represents a structure of bhone.

A relation.between an Au which has been found by the
artificial drawing and a fractal dimension is shown in

Fig. 12a.

At a first stage, an Au and a fractal dimension are
preliminarily'obtained. . More specifically, seeing a
geometrical pattern of the bone two-dimensionally, the
Au is adjusted into a fractal dimension. Then, the
fractal dimension is represented on the vertical axis
and the Au on'the-transvérse axis. As shown in Fig.
12B, the entire bdﬁe is laid over one another on one
line on a curved line. The Au S and the fractal
‘dimension D are thus expressed by the following

approximate equation 4.



©ient e et o e stn s

recei ving transducers. A footboard 21 is bent substantially at a right
angl e, and consists of a surface 2la which supports the sole of a foot and
a - surface 21b which supports a |l eg portion. The footboard 21 is fixed on
a base-22. The ultrasonic probe 5a is fixed on the side of the base 22, and
the otfier ultrasonic probe 5b is loosely fit 8d to a groove 22a which is
provided in the base 22. Further, thegprobe 5b is attached novably in a

| ateral direction by opePatfonlw th & handl e 23.- NBgBagberi 4ul arly, when
the handle 23 is noved vertically as shown in Fig. 6, a lever 17 is noved

| aterally with a shaft 16 as fulcrumby a |ink-lever nmechanism and a slide

bl ock 5% to Wh'&ﬁetggagkgiaagﬂéﬁsion and the Au which have been

obtained from said formula, and .an Au and a fractal
dimension 6f'the_subject are then compared. When both
_the'Au and_fractél dimension agree, the ihage drawn by
utilizing the drawing program of the computer (refer to
Fig. 11) i§ recognized as an image of bone of the person

being examinedT

In other words, when the shépe of an actual bone and the
shépe of the bone which has been drawn are compared, two
of the shapes appear to look very alike if the Au and
fractal dimension.a:e substantially the same.

Therefore, the shape of the bone dr;wn by the coﬁputer
is qonsidered as one of the shapes of a bone
représenting'an Au. Conversely, a fractal dimension is
obtained by finding an Au by an ultrésonic measurement,
and a diagram showing the shape of a bone in the Au can
be obtained.

cbmparing an image of a bone of a healthy person of
approximately thé same'sex.and age with the image which
has been recognized as described above, the progress of

osteoporosis can be evaluated.

More'particularly, information on bone of healthy

persons by age group are preliminarily prepared, and the



probe 5b is fixed is noved laterally in a horizontal direction. A film
contai ner bag 31 nade of synthetic resinis filled with water and gel |l ed
liquid, and is fixed to a thin cylindrical cassette 30 through a round
washet 32 in the inside of a hollow section such that it is protruded
sphéfically in a lateral direction as illustPated in Fig. 4. The cassette
30 irs-screwed on the outer circunference of the ultrasonic probes 5a and 5b
so as to cl oseipfosmefion \storefecipahe1ROMyPEgthacmapnebPdxl ofr $heusi on
and head portions 35a, 35b of the ultrasonic probes 5a, 5b on the other
si-de. As showncPhPptgr 3 (xefgrsterEigs J@)ch I8 Piacs e§ the datasby

age group, the data which show the Au in each stage may
be prepared (refer to Fig. 14). 1In Figs. 13 and 14, the
white portion represents marrow, and the portion painted

in black represents bone structure.

Sample of Evaiuation 1 .

In a measurement conducted for a woman aged 65, an
ultrasonic propagation velocity was 1680m/s. An Au at
this time was féund to be 21.5% through a calculating
process made by the computer 1 based on the equations 1
and 2, and a fractal dimension was 1.54 by the equation

4.

On the other hand, an ultrasonic propagation velocity
and an Au of a healthy woman aged 65 were counted as
1790m/s and 27%, and a fractal dimension as 1.59

respectively.

A computerized image of a bone in the heel bone of thé
_person examined is shown in Fig. 15A, and a computerized
image of a bone of the healthy persbn is shown in Figq.
15B. Both the images of the subject and healthy person
are indicated on the same display. At the same time,
the image of the'subject is sorted by colof for the
portion a bone structure is reduced fthe portion painted

in black in the figure) compared with the image of the



spherical container bag 31 is renovably attached to the interna
circunference in the holl ow sections of the bl ocks 5A and 5B. More
particularly, since the outer circunference of the cassette 33 is fixed by
a balst. and spring nechani sm 34, the cassett 3 to which the container bag
I's fkxed may be renoved by a one-touch operation by pushing or pulling a
flange section 33q of the cassette 33. In place of the coptainer bag 31, a
cont ai ner made Qﬁgls‘i"lw CRTE® Ay a?%%“’oea‘br’é‘Pae]r%"?j;P‘htjiqi aW% alf oot of
patient (person_being exam ned), is placed on the footboard 21_as ..
illustrated in ?§Ef° oL %P%t%grtﬂﬁr%%bithré?t??&?%uPERQ¥%§ﬁﬁﬁ062?b53I IS
transmtted for gpéi t agg ' i ] e
heel cones int op_con %t&ﬁﬁéﬁgéfQ e 0 %@[}ffr%osrg;m ga?)?%gé gééfﬁjhéeﬁ
fgogger ul'trasofy fudtPbEe@P by IBYVEGué A FidE | YerDedBtd hdirdwei HAPLYS. 23
15A and 15B). -

Sample of Evaluation 2 |

Figs. 16A-16C show a case of patient who was diagnosed
as having osteoporosis, and has undergone medical
treatment for a period of one year. Fig. 16A shbws a
case measured one year ago, 16B a half year ago, and 16C

measured recently, respectively.

Compared with the first case which was measured one year
ago, the portion where bone structure is increased is
sorted by cbldr (the portion painted in blaék in the
figures) so that the effect of medical treatment can
readily be recognizéd (thé white portion represents a
stﬁucture of bone, and marrow is represented by oblique.

lines in Figs. 16A and 16C).

A description has been mﬁde of an embodiment of the
present invention wherein an ultrasonic signal is.
transmitted to a heel or patella to find a propagation
velocity transmitted though a bone, and by a
computerized calculation process based on the
propagation yelocity, an image of a bone in bone

strucﬁure is displayed. However, not limited to said



brought into contact with the other side of the heel in order to hold the
heel between the ultrasonic probes 5a and 5b. A neasurenent and di agnosi s
of osteoporosis is conducted under such a state by transmtting ultrasonic
signals. Wien the neasurenent and di agnosis are finished, the ultrasonic
probé&:5b is noved away fromthe heel by oper&ting the handle 23. Prior to
pl aci ng a foot of new patient (person to be exam ned) on the footboard 21,
ei ther one of tembodimentasthe rea@@En inwentien IaWAIED ike @pRdikd tet h
the container bag 31 is renoved fromthe block 5A or slide block 5B to be
repl aced with #%eRsaRarpngament (hegaidh an AdRrIvMbindonmg BbeRe f i xed.

structure is displayed through cohputerized calculation
process based on information to which both ultrasonic
transmission velocitj and attenuation ratio of

transmitted amplitude are added.

As stated above, a person who has undertaken an
examination is able to pradticaliy and concretely grasp
the progresé'of osteopdrosis by his own eyes by
comparing an image of his bone computerized through
calculation process and displayed as a geometrical
pattern with an image of the bone of a healthy person
since the portion where bone structure is reduced is

sorted by color.

Further, a person who was diagnosed as having
ostedporosis and started a medical treatment can clearly
recognize the effect of the.treatment since the portion
where bone structure is increased with the passage of

time is sorted by color.

A cassette to which a container bag is fixed is replaced
with a new one every time a new patient is treated so
that the risk of infection in hospital by MRSA,

Methicillin Resistance Staphylococcus Aureus, can be



In the case of the cassette 30 shown in Fig. 4, for exanple, the ultrasonic
probes 5a, 5b are unscrewed for replacenent. On the other hand, in the case
of t<he cassette 33 illustrated in Fig. 5, the cassette is pulled out of the
hol | pw section of the block 5A or slide block 5B by pulling the flange
sectii.on 33a. Since the outer circunference dd2the cassette 33 is attached
by t'he ball and spring nmechanism 34, it may be easily replaced by a
one-touch oper aivoifiedn WHe gretiients ,Jdst Sof I dteaded pédisle,
ultrasonic probe 5a and is received by the other ultrasonic probe 5b. As
shown in Fig. Ziam thumdiake anndiiadl ratssckup pfabcosBiromotosirs wi theaut o
the ultrasonic transmtting and receiving transducers 8 through the rel ay
substrate 7, ar&h¥ ranxiety gonpared onith staprentionalyiapparatuggs.a bone
structure is neasured. Then, a signal fromthe ultrasonic transmtting and
receiving transducers 8 is :



transnmtted to the main body of the conputer 1 through the Thiiébf:;;iﬂSBEEN
anplifier 10 and A/D converter 11. In the main body of the lonpuqeﬁggf
vel ocity of propagation of the ultrasonic signal transmtti !

bonegstructure is conputed fromthe neasured,yl trasonic 14 transmtting
ti me%§ nce the distance between the ultrasonf? probes 5a and 5b is known. A
one-di mensi onal 9 of a conpact bone to a bone str “mguﬂnmﬁl “E
called Eu) is ¢ Y fromthe measured vel ocity of !
following equation 1. 1/Va - 1/Vb BEu = : : uation 1

1. A method for evaluating the progress of osteoporosis
by utilizing ultrasonic signals wherein an ultrasonic
signal is first transmitted.into a heel bone or patella
of a person being'examined to obtain a propagation
velocity.of tranémission in the bone, and then, based on
the propagation velocity obtained, a two-dimensional
ratio of a compacﬁ bone to a bone structure (hereinafter
called Au) is cbmputed from a one-dimensional ratio of a
compact bone to a bone structure (héreinafter called Eu)
according to calqulation formulae stated below, and at
the same time a chart which suffice said Au is drawn by
using a predetermined drawing program to find a fractal
dimension from the image drawn in the chart; a relation
between an Au and.a fractal dimension is preliminarily
obtained to compare with the Au and fractal dimension of
said person_ekamined; and when both the Au and fractal
dimension égree substantially, an image displayed by
gsing a predetermined drawing brogram is recognized as
the image of a compact.bone of the ﬁerson examined; and
then the recognized image is compared with an image of a
compact bone of a healthy person who is under the same

condition in sex and age

This Sheet Has Been Repl
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1/Va - 1/Vc where, Vb: Utrasonic propagation velocity in boneTeﬁﬁgﬂgtﬁmASBEEN
Va: U trasonic propagation velocity in marrow (1500m's) Vc: d trasaﬂhcﬁ”ﬂb
propagation velocity in conpact bone (3000nfs) The Eu neans aFarFo—gf————=
conpact bone (solid substance) against marro (Iqu|d) and c one

(sol ¥ substance) seen in one di mension (1 on8§i #t udi nal dlrectl | n ot her

wor ds, the heel and knee general lé consi st of soft tissue (sj? ’f"ﬁﬁ”””
portions) and hard tissue (bone Ptlon and the hard tissu '"
portion) consists of cor |cal bone, cancellous bone (m xture of boné ahd °

mar r ow) and marrow. Si nc8%t he u--asent+e—si gnal is practically transn1tted

1/va - 1/Vc

where,
Vb: Ultrasonic propagation vélocity in bone

Va: Ultrasonic propagation velocity in marrow

.(1500m/s)

Vec: Ultrasonic propagation velocity in

compact bone (3000m/s)

Au

Eu x Eu.

2. A method for evaluating the progress of osteoporosi§
by utilizing-ultrasonic signals wherein an ultrasonic
signal is first transmittéd into é heel bone of a person
being examined to obtain a propagation velocity of
transmission in the bone, and then, based on the
propagation've{ocity obtained, a one-dimensional ratio
of compact boné fo a bone structure (hereinafter called
Eu) is computed according to a calculation formula
stated below, -and at the same time said computed Eu is
multiplied by itself to determine a two-dimensional

ratio of a compact bhone tola bone structure (hereinafter

is Sheet Has Been Re laced
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t hrough the entire heel portion (solid ' port GH&§SFQ@GH '
ultrasonic velocity neans an average Vv mﬂlﬂmm ml\“ml? rothRthﬂchIBEEN

i —

The.heel portion is occupied by cancell one wors near |

ostepporosis tends to appear hereat at first stage, and therefore naklng an
evalgfgtion at this portion is considered nmos&3 proper. An Au is obtained
fromthe Eu which has been obtained, by the follow ng equation 2. Au = Eu
X Eu called Rukt iamd 2 Tdnmpm:e'zs:.zaed dimagyenfalpwstt eyuw vadgrdct bone
- (solid substance) is contained agai nst the conpact bone (solid substance)
and marrow (li qxgdgaj,d] @pf:ﬁs(ézh%n displayed to compare with an image of

bone of a healthy person who is under the same condition
in sex and age for sorting by color a decreased portion

in bone structure-of'a person being examined

i/va - 1/Vb
Eu =
1/va - 1/Ve
‘where,

Vb: Ultrasonic propagation velocity in bone

Va:'Ultrasonic propagation veiocity in marrow
(1500m/s)

Ve: Ultrasonic propagation velocity in
compact bone (3000m/s).

3. A method for evaluating the progress of osteoporosis
by uﬁilizing'ultrasonic signals wherein an ultrasonic
signal is transmitted into a patella of a person being
examined in two directions, a direction substgntialiy :
horizontal to the-patella and a direction intersecting
the horizontal direction at a right angle, to obtain a
propagation velocity of transmission in the bone in both
directione, end then; based on the propagation velocity
obtained, a one-dimensional ratio of a compact bone to a
bone structure (hereinafter called Eu) is computed
according a calcﬁletion formula stated below, and at the
same time'said:computed Eu is multiplied by ifself to

. determine a two-dimensional ratio of a compact bone to a

bone structure (hereinafter called Au); and a

IIII
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data whi ch have been neasured by ult ng ﬂllgmre cal cuated=by—tHe=——""
conputer and expressed on a two-di meHm“Hul““ u an i nt ér mals $reEe HAS BEEN
information. Fig. 8 shows a case. when*a knee ﬁorflo S neagured By PLACED

ultrasonic signals in place of a heel portlon shomn in Fig F—tmths
casél:’a pair of the ultrasonic probes 5a andb5b are brought in contact with
the*knee in a horizontal direction (X-X direction) and a vertical direction
(Y-Y directionfomputerigzed: dmege efmortxeguiwaient te sai@ghu iagthenor
measurenent. From an ultrasoni c propagation velocity which has been
obt ai ned, an E@% PfleaﬁérﬁPn&@mB?r?h¥i§gu§P| nasefe# epe £ a heayth¥ction

and Y dlrectlon Then, _.an Au i uted fro
person who is un er the same conditlon in sex and age

for sorting by color a decreased portion of bone

structure of a person being examined

1/Va - 1/Vb

Bu =
1/Va - 1/Ve
where,

Vb: Ultrasonic propagation velocity in bone

Va: Ultrasonic propagation velocity in marrow
(1500m/s)

Ve: Ultrasonic propagation velocity in
compact bone (3000m/s).

4. Apparatus for evaluating the progreés of
osteopbrosis by utilizing ultrasonic signals, comprising:

‘means for transmitting and receiving ultrasonic
signals to and from a heel bone or patella of a person
being examined;

means fdr computing a two-dimensional ratio of a
compact bone to a bone structure (hereinafter called Au)
based on propagatioh velocity information of an
ultrasonic signal transmitted through the bone structure
by said means for transmitting and receiving ultrasonic
signals;

means for indicating an image on a display wherein
an image equivalent to an Au of the subject obtained by

_ N
said computing means is drawn; and :

eet Has Been Rep laced
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e

the Eu, by the follown ' { = Eux x Euy THIS SHEET HAS BEEN
Equation 3 A di agramwé Eﬁmﬂmﬂm“ Au is then drawn by utiliziff+4CED
predet erm ned draw ng. cam- amd @ f'ractal dinension is obtained froman
| mgendrawn. A net hodmof. artifi-etaki-y—draw ngy a di agram of the shape of a
bone.vi Il be described hereinafter seeing a geonetrical pattern of a bone

in bone structure aﬁ?ée%g)lfsg%ﬁ%dioéﬂin ig&i ast%)t}q%%ﬁ% 'gﬁtﬁgel(r:]&fjeheif (Fil,%rent of

240 x 240, for exanp rawi as a 1 ound I'cal basic
hol es (PxQ pi ecggy _ r}_e“gﬂ t ,ﬁﬁpr ':!Flijr? tg?esi S are
made as points on %@f‘g@%‘ﬁ at qec-g(;é%fs:%sh%e\?\ihll Iégg. isarfﬂio_r er !feo e r|?rn' nat e
excessive irreqdaid dfsmidbd Rfhd AU iGK St YBf AP AWML AMidhr TPt (e .
bone. Then, n pieces of osteoclast devel oped into m stages are generated on
the surface of the subject who is under the same condition in sex and

age are extracted from standard data preliminarily

provided on said Au in a heel bone or patella of a

healthy person.

5. Apparatus for diagnosing osteoporosis, comprising:

a footboard (21) for placing thereon a foot of a
person being examined; |

a pair of ultrasonic transmitting and receiving
transducers (8) provided with probes (5a, 5b), said
transducers being attacheﬁ to a base stand (22) on which
said footboard is fixed;

moving means (23) for bringing at least either one
of said probes in close contact with a foot of a person
being examined on tﬁe footboard;

an expandable container bag (31) containing water
and mixed solution fixed to a cassette (30; 33), the bag
being fixed in a manner to positidn a protrusion thereof
in a lateral'direction,_and.the other side of the
cassette which is opposite to said protrusibn being
brought into close contact with a head portion (35a,
35b) of the probe (5a, 5b) which is removably.attached

to the outer circumference of said probe.

This Sheet Has Been Rerlaced




the bone to approxinmate it to the shape of the geonetrical pattern of a

bone. More particularly, an elliptical hole which is small er gthaa=th |
hol-e i s punched centering at a position deflected to sone dewrﬁﬁsﬁﬂﬁmﬁﬂﬁsBEEN
central coordi nates of 17 the basic hole, and the portionjpai nt REPLACED
blacﬁfls considered as a portion where the e is dest royed Fastrated

I n Flg 10. In Fig. 10, the portion indicated by oblique |ines represents a
structure of bone. At this stage, a fra®BS8TRAG®ENsion is affected by the

si ze and nunber of basic holes, or by the values of mand n. A shape of a
bone which is artificially drawn i s

METHOD AND APPARATUS FOR EVALUATING THE

PROGR'ESS OF OSTEOPOROSIS BY ULTRASONIC SIGNALS

- An ultrasonic signal is transmitted to a heel bone or
patella of a persdn being examined to obtain data of
velocity of transmission.propagation. The data which is
obtained is computerized through calculation to compute
_a two-dimensional ratio of a compact bone to a bone
structure (Au) from a one-dimensional ratio of a compact
bone to a bone structure (Eu). Then, a chart is drawn
to suffice an Au for which a fractal geometry is
utilized.tq compare the chart with an image of an Au of
a healthy person who is under the same condition in sex
and age. The portions different from each other are
then sorted by color for evaluating the piogress of

osteoporosis.

(Figﬁrell).

This Sheet Has Been Replaced




illustrated in Fig. 11. In this figure, the portion indicated by oblique

| ines represents marrow, and the white portion represents a structure of
bone. A relation between an Au which thlBeen found by the artificial -
drawing and a fractal dinension is ShOWMI n Fig. 12A. At a first stage, an
. Au-and.a fractal dinmension are prelinminarily obtained . Mre specifically,
seeing a geonetrical pattern of the bone two-dinensionally, the Au is
adjusted into a fractal dinmension. Then, the fractal dinmensionis
represented on the vertical axis and the Au on the transverse axis. As
shown in Fig. 12B, the entire bone is laid over one another on one |ine on
a curved 1ine. The Au S and the fractal dinension D are thus expressed by
the foll owi ng approxi nate equation 4.

j

Fig.l

L




18D = 1 + Sad ... Equation 4 The fractal -dinension and the Au
whi ch have been obtained fromsaid fornula, and an Au and a fractal

di pensi on of the subject are then conpgr ﬁg When both the Au and fract al

di mensi on agree, the inmage drawn by uti 4 ing the drawi ng program of the
conpu¥®r (refer to Fig. 11) is recognized as an image of bone of the person
belng ‘exam ned. In other words, when the shape of an actual bone and the
shape of the bone which has been drawn are conpared, fwo of the shapes
appear to look very alike if the Au and fractal dinension are substantially
the sane. Therefore, the shape of the bone dramn by the conputer is

consi dered as one of the shapes of a bone

Fig.2
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representing an Au. Conversely, a fractal dinension is obtg FaeH-Re

an Au by an ultrasonic neasurenent, and a di agram show ng {/hEHISIS{EETIfASIBEEN 3
bope in the Au can be obtained. Conpari g an i mge of a bofle of BERFEhy 4
person of approximately the sane sex and age with the imagé_which fas~been
recogni zed as described above, the progress of osteoporosis can be ——————
eval uated. More particularly, information on bone of . healt hyjeéhsons by age

group are prelimnarily prepared, Fr](q_ghe 19 information sgf

ROM of the main body of the gpnputer (refer to Fig. 13). 'In B,ﬁﬁﬁﬁ}imﬁeﬁﬂm

data by age group, the data ic?-‘%how t he Ausénsiach st age

Fig.h

30 -. /

5a (5b)
3

35a(350)
32




be prepared (refer to Fig. 14). In Figs. 13 and 14, the wh| tﬂé“% F' BﬁAbd

represents marrow, and the portion painted in black repregents EACED

structure. Sanple of Evaluation 1 In /rgsasurerr_ent conducted for a wonan

aged 65, an ultrasonic propagation velocity was 1680m's. An Au at this tinme
was tf‘*eund to be 21.5%through a cal cul ati ng process nade byh,gmgmmﬁaded

base® on t he equations 1 and 2, and a fractal dinension was
equation 4. On the other hand, Lgtgasoni Cc propagation- vel ME

of a healthy woman aged 65 were c ted as 1790m's and 27% racta
di mensi on as 1.59 respectively. AZonputerized i mage of a bone in the heel
bone of the person examg érl S S ' ' 15A, and a conputerized |mage
of a bone of the healthy 3 iINNFi g.

3 5a(5b)
33
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5¢ 5A(5B)
Fig.b
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15B. Both the inmages of the subject and healthy person are indicated on the
sane display. At the sane tinme, the image of the subject is sorted by color
for-the portion a bone structure is re d (the portion painted in black
in thafigure) conpared with the inmage t he 20 heal t hy person. Then,
an e uation is made that an osteoporosis of the subject is being
progressed (white portion represents a structure of bone, and the portion
illustrated by oblique lines repr¢seqt? nmarrow in Figs. 15A and 15B).
Sanpl e of Evaluation 2 Figs. 16A-l& ow a case of patient who was

di agnosed as- havi ng ost eoporosizg las under gone nedi cal .

216




treatnent for a period of one year. Fi§. 16A shows a case nmeasured one
year ago, 16B a half year ago, and 16C neasured recently, respectively.
Compared with the first case which was gsured one year ago, the portion
wher e ghone structure is increased is sorted by color (the portion painted
in bla in the figures) so that the effect of nedical treatnent can
reatily be recognized (the white portion represents a structure of bone,
and marrow i s represented by oblique lines in Figs. 16A and 16C). A _
description has been nmade of an enbodi nent of the present invention wherein
an ultrasonic signal is transmtted to a heel or patella to find a
propagation velocity transmtted though a bone, and by a conputerized

cal cul ati on process based on the proegg tgon vel ocity, an image of a bone
in bone structure is displayed. HoweVe a-_ot limted to said




21 enbodi nent, the present invention nmay al so be applied to such an
arrangenment wherein an i mage of a bone in bone structure is displayed

t hrough conputerized cal cul ati on proceggggbased on information to which both
ultrasonic transm ssion velocity and attenuation ratio of transmtted

anpl E¥ude are added. As stated above, & person who has undertaken an

exam nation is able to practically and concretely grasp the progress of
osteoporosis by his own eyes by conparing an i mage of his bone conputerized

t hrough cal cul ati on process and di spl ayed as a geonetrical pattern with an
I mage of the bone-of a healthy pe$sH§ Fﬂnce the portion where bone
structure is reduced is ‘

| Fig.12
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sorted by color. Further, a person who was di agnosed as havi ng osteoporosis
and started a nedical treatnent can clearly recognize the effect of the
treatment since the portion where bone i ucture is increased with the
passage of time is sorted by color. A @Z éette to which a container bag is
fixed;i's replaced with a.new ene every time a new patient is treated so
that the risk of infection in-hospital by MRSA, Mthicillin Resistance . _
St aphyl ococcus Aureus, can be qz-@wg(nxL The patients, nost of whom are
aged people, can thus take a nedicaf checkup for osteoporosis w thout any
anxi ety conpared with conventional apparatuses. :
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REPLACEMENTSHEET Dat e .12 APR 1997 23 CLAIMS: 1. A nethod for

eval uating the progress of osteoporosis by utilizing ultrasonic signals
wherein an ultrasonic signal is first ér smtted into a heel bone or
patella of a person being exanmi ned to 6t%in a propagati on velocity of
trangm ssion in the bone, and then, based on the propagation velocity
obtai‘hed, a two-di mensional ratio of a conpact bone to a bone structure
(herelnafter called Au) is conputed fF'E% ¥Hone-di nensional ratio of a
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the sanme time a chart which suffice said Au is drawn by using a
predeterm ned drawi ng programto find a fractal dinmension fromthe imge
drawn in the chart; a relation betweenygapgAu and a fractal dinension is

prél jggi narily obtained to conpare with the Au and fractal dinension of said

per s&® exam ned; and when both the Au and fractal dinension agree
subBstantially, an inmage displayed by using a predetern ned drawi ng program
is recogni zed as the inmage of a conpact bone of the person exam ned; and
then the recogni zed inage is conpared with an image of a conpact bone of a
heal t hy person who is under the sanme condition in sex and age 24 1/ Va -
1/ Vb
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Eu= 1/Va - '1/Vc where, Vb: U trasonic propagation vel ocityifi ePORa Y BT SHEET
U trasoni c propagation velocity in marrow (1500m's) Vc: Ul gjrasonic
propagation velocity in conmpact-bone (3000ns) Au = Eu X Eﬂmegﬂiﬁﬂggpuﬁa;“
for evaluating the progress of osteoporosis by utilizing ul - '
wherein an ultrasonic signal is first trgﬁghitted into a heel

bone of a

_person being exam ned to obtain a propagation velocity of transm ssion in
t he bone, and then, based on the propagation velocity obtained, a

one-di nensional ratio of conpact bongqggpa bone structure (hereinafter
called Eu) is conputed accordi?p to a cdlc

7 2a

ul ation fornul a




stated below, and at the same tine said conputed Eu is nultiMingidmcEMENﬂégEé;
to determne a two-di nensional ratio of a conpact bone to a bgne structure
(hereinafter 25 called Au); and a congyﬁﬁrized i mage al nos E@&uiﬁél%ﬁﬁfmgﬁ

-----------------------------

to said Au is then displayed to conpare w an i mage of bonel
person who is under the same condition in sex and age for sorting by color
a decreased . portion in bone structure of a person being exam ned 1/Va -

1/Vb Eu = 1/Va - 1/Vc where, Vb: Ulﬁir_g;@ni Cc propagation velocity in bone
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Va: U'trasoni c propagation velocity in marrow (1500m's) Vc: Iﬁﬁygyggh_mggﬁmé}
propagation velocity in conpact bone (3000m's). 3. A nethod {for evaluatln%
the progress of osteoporosis by utilizing ultrasonic signal s||wheseih2dR, 1997

ultrasonic signal is transmtted into a pate3da of a.person\_\\ﬁ_re#igiggji:——a
intwo directions, a direction substantially horizontal to the pa
a direction |ntna§gﬁmlng the horizontal direction at a r ﬂlﬂ”

obtain a propagation .velocity of transnmission in the bon'e Wll 'Iﬁli!””!’l _.

directions, and then, based on the propagation velocity . ‘obt"ai fhedt

one-dinensional ratio of a conpact bone to a bone structure (hereinafter

called Eu) is denmpat estihodhrfitmevalostingtihen dfrygndss dfatoat doponwgsisnd at

the sane tinme said conputed Eu is nultiplied by itself to determ ne a

t wo- di mensi onafbyr atid iging cdtremorionsiignals wherein an ultrasonic
signal is first transmitted into a heel bone or patella
of a person being examined to obtain a propagation
velocity of transmission in the bone, and then, based on
the propagation velocity obtained, a two-dimensional
ratio of a compact bone to a bone structure (hereinafter
called Au) is computed from a one-dimensional ratio of a
compact bone to a bone structure (hereinafter called Eu)
according to calculation formulae stated below, an& at
the same time a chart which suffice said Au is drawn by
using a predetermined drawing brogram to find a fractal

- dimension from the image drawn in the chart; a relation

between an Au and a fractal dimension is preliminarily
obtained to compare with the Au and fractal dimension of
said person examined; and when both the Au and fractal
dimension agree substantially, an image displayed by
qsing a predetermined drawing program is recognized as
the image of a compact bone of the person examined; and
then the recognized image is compared with an image of a
compact bone of a healthy person who is under the same

condition in sex and age
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bene structure (hereinafter called Au); and a 26 conput @r kzed-inageT SHEET
al nost equivalent to said Au is then displayed to conpare Wth a zgﬁ egﬂﬁ_
bone of a healthy- person who is under the sanme condition HnDs@xua -gg LA
for sorting by color a decreased portion of &bne structure €

being exam ned 1/Va - 1/Vb Eu = 1/Va - 1/Vc where, Vb: U trasonic

propagation velocity in bone Va/Vd t4 &40 c propagati on vetocity—+n—-rarrow-

pigpsen .- ; "

1/va - 1/Ve

v

where,
Vb: Ultrasonic propagation velocity in bone

Va: Ultrasonic propagation velocity in marrow

(1500m/s)

Ve: Ultrasonic propagation velocity in

compact- bone (3000m/s)
Au = Eu x Eu. .

2. A method for evaluating the progress of ésteoporosis
by utilizing ultrasonic signals wherein an ultrasonic
signal is first transmittéd into a heel bone of a person
being examined to obtain a propagation velocity of
transmission in the bone, and then, based on the
propagation velocity obtained, a one-dimensional ratio
of compact bone to a bone structure (hereinafter called
Eu) is computed according to a calculation formula
stated below, and at the same time said computed Eu is
multiplied by itself to determine a two-dimensional

. ratio of a compact bone to a bone structure (hereinafter
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Vc: - Utrasoni ¢ propagation vel ocﬁtll’,"ﬂ”aﬂwmnmg 4

for indicating and sorting by color 0 play images of a heal&ﬂﬁ ‘
watear] £ APRNAIL....

person and the person being exarined wherein datd of an Au ]
of the subject who is under the sane condit2®n in sex and ag
fromstandard data prelimnarily provided on said Au in a heel bone or
patella of a he@l1éd REJFOandSa CORPUEELEzEQT i NAGENSPhOEN OSEEOPRL8ALS,
conprising: a footboard (21) for placing thereon a foot of a person being
exam ned; a pate saiaél Anagenthehnradbsplayedgtanconpare \with an image of

bone of a healthy person who is under the same condition
in sex and age for sorting by color a decreased portion

in bone structure of a person being examined

1/Va - 1/Vvb
Eu =
1/Va - 1/Ve
where,

Vb: Ultrasonic propagation velocity in bone

Va: Ultrasonic propagation velocity in marrow
{1500m/8) :

Ve: Ultrasonic propagation velocity in
compact bone (3000m/s).

3. A method for evaluating the progress of osteoporosis
by utilizing ultrasonic signals wherein an ultrasonic
signal is tr&nsmitted into a patella of a person being
examined in two directions, a direction substgntially
horizontal to the patella and a direction intersecting
the horizontal direction at a right angle, to obtain a
propagation velocity of transmission iﬁ the bone in both
directions, and then, based on the propagation velocity
obtained, a one-dimensional ratio of a compact bone to a
bone structure (hereinafter called Eu) is computed
according a calculation formula stated below, and at the
same_time said computed Eu is multiplied by itself to
determine a two-dimensional ratio of a éompact bone to a

bone structure (hereinafter called Au); and a



transducers (8) provided with probes "M”H!#)’"IHI!M !” ansdu e&ﬁ@:-b@;};@msﬁ:g—.

attached to a base stand (22) on which' sdi dtf oot ngyzgg :
means (23) for bringing at |east either one of said probes rD%$o gt ....... ;

with a foot of a person being exam ned on ®lge footboard; an~exXpandabte
contai ner bag (31) containing water and m xed solution fixed to a cassette

(30; 33), thechbaputlkirizeld 19fide ad MR Qquivalenit! tdNsaild A U Fhdmer eof
in a lateral diréction, and the other side of the cassette which is

opposite to saitépp.raqterwsdd)redmym iahgan ihiageC o¥s honenbiCla Nedl thyread
portion (35a, 35b) of the probe (5a, 5b) which is renovably attached to the
out er circunf pexsom afhos disd yndere théhisamsheeondiitdi ofcdn Rex ateld age

for sorting by color a decreased portion of bone

structure of a person being examined

1/va - 1/Vb
Bu =
1/Va -~ 1/Ve
| where,

Vbh: Ultrasonic propagation velocity in bone

Va: Ultrasonic propagation velocity in marrxow
(1500m/s) ’

Ve: Ultrasohic propagation velocity in
compact bone (3000m/s).
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ABSTRACT

METHOD AND APPARATUS FOR EVALUATING THE

PROGRESS OF OSTEOPOROSIS BY ULTRASONIC SIGNALS

An ultrasonic signal is transmitted to a heel bone or
patella of a person being examined to obtain data of
velocity of transmission propagation. The data which is
obtained is computerized through calculation to compute
a two-dimensional ratio of a compact bone to a bone
structure (Au) fromla one-dimensional ratio of a compact
bone to a bone structure (Eu). Then, a chart is drawn
tolsuffice an Au for which a fractal geometry is
utilized to compare the chart with an image of an Au of
a healthy person who is under thé same condition in sex
and age. The portions different from each other are
then sorted by color for evaluating the progréss of

osteoporosis.

(Figure 1).




