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(57) ABSTRACT

When an amount of visceral fat is measured using ultrasonic
waves during medical examination of metabolic syndrome,
three contact positions are defined on the surface of the
abdominal region, and three distances inside the living body
are measured by bringing a probe into contact with the surface
of the abdominal region at the contact positions. Specifically,
three measurement paths having a starting point at the center
of the descending aorta are set, and the distances from the
center to a surface of the fat layer adjacent to the surface of the
body (inner surface of the subcutaneous layer) in the mea-
surement paths are observed. An approximate area of a vis-
ceral fat region can be determined from the three distances
and two angles defined by the three measurement paths, and
an index value is calculated on the basis of the area. A probe
holder having three holding portions is desirably used.




FIG. 1



Patent Application Publication  Aug. 23,2012 Sheet 2 of 11 US 2012/0215109 A1l

L
(18
1
\\
AN
m A
\_\ N
N —
N
N
< o
3 = o o
N N
< . N :
HN O
g ST
! N
[0
o N

‘[C
32
B4
/40(:
c
Fc

Rc
Le
X

Ne—é



US 2012/0215109 A1

Aug, 23,2012 Sheet 3 of 11

Patent Application Publication




US 2012/0215109 A1

Aug, 23,2012 Sheet 4 of 11

Patent Application Publication

v "OlId

I NowL |
ey -OTRO0)
i NOIS .. e e em -
| anNoo | - 9 <1 g |
( o) S s e -
. . " 09 =77
TP
(r e _ e
2og Sum =298 L B
8G ===~
L T 1
RS- - 1 2ag L~
[,
wogo)f =los 9§ -7
° [
l\/l\ IIIIII
0L Lo ]
pg T
o) [ —
(157=8 ) a9 gvum zas o
NOiLIgay 89 -
J 05°
\ 1! 3 (Ltag'q Jm =198 ag
(ndo) S vi
59 34
o
= og'0'e =0
- bgoe) [ =os ——
9 q
i £ v.?
< @g‘a Euﬂ =08 B
29— Zr—
__/
es”




Patent Application Publication

Aug, 23,2012 Sheet 5 of 11

/,/

1

(A) Sb=7ab sin Bb
1
(B) SC=T ac sin B¢
FIG. 5
/\/82

g —

b —=] S=Jc(a,b,c, Bb, Bc) —

c —

US 2012/0215109 A1

78

80



Patent Application Publication  Aug. 23,2012 Sheet 6 of 11 US 2012/0215109 A1l




US 2012/0215109 A1

Aug, 23,2012 Sheet 7 of 11

Patent Application Publication

1INN

AV1dSId

~

c6l

ONISSFO0¥™d
“AV1dSId

1INN

8 Ol

——

~

1INMN LNdNI

061

]

~

881

961
\/
1INN 1INN TOHINOD
INIWIHNSYIN
61

) TINA TINA NOIL

NOILYWOS ONISSI00Nd K] -d303y ONV 3904d
JOVII “IVNOIS NOISSINSNVHL

981 vl zsl 08l




Patent Application Publication

( START >

SET PROBE AT
POSITION A

Aug, 23,2012 Sheet 8 of 11

US 2012/0215109 A1

T~ 5101

DETERMINE CENTER POINT OF
BLOOD VESSEL AND BOUNDARY
POINT ON IMAGE

- ~— S102

SET PROBE AT
POSITION B

-~ $103

DETERMINE CENTER POINT OF
BLOOD VESSEL AND BOUNDARY
POINT ON IMAGE

5104

SET PROBE AT
POSITIONC

[~ S105

DETERMINE CENTER POINT OF
BLOOD VESSEL AND BOUNDARY
POINT ON IMAGE

ESTIMATE AMOUNT OF
VISCERAL FAT BASED ON
a, b, ¢, etc.

T~ 8107

DISPLAY

(oo

)

FIG. 9

- — S108



Patent Application Publication  Aug. 23,2012 Sheet 9 of 11 US 2012/0215109 A1l

FIG. 10




Patent Application Publication  Aug. 23,2012 Sheet 10 of 11 US 2012/0215109 A1l

106

/ 100A

FIG. 11

114A




Patent Application Publication  Aug. 23,2012 Sheet 11 of 11 US 2012/0215109 A1l

120

FIG. 12




US 2012/0215109 Al

ULTRASONIC DIAGNOSTIC SYSTEM

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic system, and in particular to an ultrasonic diagnostic
system which measures visceral fat.

BACKGROUND ART

[0002] In the medical field, ultrasonic diagnostic systems
are being utilized. An ultrasonic diagnostic system is gener-
ally formed from an ultrasonic diagnostic device or from a
combination of an ultrasonic diagnostic device and a com-
puter. The ultrasonic diagnostic device comprises an ultra-
sonic probe which transmits ultrasound to a living body and
receives a reflected wave from the living body, and a device
body which executes image formation and various measure-
ments based on the received signal from the ultrasonic probe.
With the ultrasonic diagnosis, it is possible to avoid a problem
occurring in X-ray diagnosis such as radiation exposure, and
the ultrasonic diagnosis does not require a large-scale device
such as that required for X-ray diagnosis. Because of such
convenience, it is desired to apply the ultrasonic diagnostic
technique to medical examination of metabolic syndrome
(that is, obesity due to visceral fat).

[0003] Currently, in medical examination of metabolic syn-
drome, in general, abdominal circumference is measured,
because there is a certain degree of correlation between the
abdominal circumference and the amount of visceral fat.
However, abdominal circumference is merely length infor-
mation including the subcutaneous fat (including muscle),
and does not directly represent the amount of visceral fat in
the abdominal cavity or the size of the range where the vis-
ceral fat exists. A method is proposed in which a weak current
is applied to the abdominal region and the amount of visceral
fat is estimated based on the electrical resistance thereof.
However, for realization of such a method, a large-scale
device would be required, and a result which sufficiently
reflects the structure in the abdominal region cannot be
obtained, and, thus, the reliability of measurement cannot be
improved. In a method of measuring the amount of visceral
fat using an X-ray CT device, measurement with high preci-
sion can be realized, but a very large-scale system must be
constructed for this method, resulting in problems in scale
and cost. In addition, a problem arises in relation to radiation
exposure. In consideration of this, research has been carried
out on application of ultrasonic diagnosis, which can non-
invasively observe the in-body structure, to medical exami-
nation of metabolic syndrome; that is, visceral fat measure-
ment.

[0004] Non-Patent Literature 1 is a paper describing a rela-
tionship between visceral fat and cardiovascular disease risk
factors. Although the details are not clear, it can be deduced
that the amount of visceral fat is measured using an ultrasonic
image. More specifically, on a lateral cross section of the
abdominal region (cross section vertically crossing the lum-
ber vertebra) shown in FIG. 1 of Non-Patent Literature 1,
three paths radially spreading from the lumber vertebra to the
front surface side of the abdominal region are set, distances a,
b, and ¢ from the lumber vertebra to the subcutaneous fat are
determined on these paths, and an average value ((a +b +¢)/3)
is calculated as information VFD (visceral fat distance) cor-
responding to the amount of visceral fat. In this calculation,
the angle between adjacent paths is not taken into consider-
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ation. In other words, in this method, only distance informa-
tion of one dimension is used, and two-dimensional informa-
tion or structural information is not used. This paper also fails
to disclose a device for setting the three paths with superior
reproducibility.

[0005] Patent Literature 1 discloses a visceral fat obesity
examination device which calculates a ratio of a cross-sec-
tional area of the subcutaneous fat and a cross-sectional area
of preperitoneal fat by an image process on an ultrasonic
image. However, this device is not targeted to measure a wide
range within the abdominal region, and does not have a mea-
surement condition and a measurement support device for
realizing superior reproducibility.

[0006] Patent Literature 2 discloses a visceral fat measure-
ment device which identifies a preperitoneal fat thickness
near the liver and a preperitoneal fat thickness near the navel,
and determines a visceral fact coefficient which depends on
the amount of visceral fat based on these pieces of informa-
tion. This device observes the visceral fat at two points dis-
tanced in the direction of extension of the spine, and does not
take into consideration a shape and a structure in a cross
section perpendicular to the spine.

[0007] Patent Literature 3 discloses an attachment for ultra-
sonic probe, which prevents a change of the fat thickness
when the ultrasonic probe comes into contact with the patient.
However, this attachment only has one probe-holding por-
tion. Patent Literature 4 discloses a near-infrared light type
body fat measurement device having a band-shaped string.
On the string, a navel position matching portion is provided.
[0008] In the examination of metabolic syndrome; in par-
ticular, in a group medical examination of metabolic syn-
drome, easy, quick, and reliable measurement of the informa-
tion corresponding to the amount of visceral fat is desired.
However, with the technmques of the related art, such desire
cannot necessarily be sufficiently satisfied.

[0009] Inthecaseofexaminationby contacting the probein
a plurality of positions on a body surface in sequence,
improvement of the positioning precision of the probe and
realization of superior operability at the positioning of the
probe are desired, but with the techmque of related art, such
desires cannot necessarily be sufficiently satisfied.

RELATED ART REFERENCES
Patent Literature
[0010] [Patent Literature 1] JP 2007-135980 A
[0011] [Patent Literature 2] JP 2008-194240 A
[0012] [Patent Literature 3] JP 2008-284136 A
[0013] [Patent Literature 4] JP 2006-296770 A
Non-Patent Literature
[0014] [Non-Patent Literature 1] Yu CHIBA et al., “Rela-

tionship between Visceral Fat and Cardiovascular Disease
Risk Factors: The Tanno and Sobetsu Study”, Hypertens Res,
Vol. 30, No. 3, 2007, pp. 229-236.

DISCLOSURE OF INVENTION
Technical Problem

[0015] An advantage of the present invention lies in provi-
sion of an ultrasonic diagnostic system which can measure
information corresponding to the amount of visceral fat with
high precision using ultrasound.
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[0016] Another advantage of the present invention lies in
provision of an ultrasonic diagnostic system which can set a
plurality of visceral fat measurement paths with superior
reproducibility on a cross section of a living body.

[0017] Another advantage of the present invention lies in
provision of an ultrasonic diagnostic system which can obtain
a reliable measurement result with a simple structure and
suited for group medical examination of metabolic syndrome.
[0018] Another advantage of the present invention lies in
provision of an ultrasonic diagnostic system which can
improve positioning precision and a positioning reproducibil-
ity of the probe on a surface of the living body.

[0019] Another advantage of the present invention lies pro-
vision of an ultrasonic diagnostic system which can improve
operability during positioning of the probe on a surface of the
living body.

[0020] Another advantage of the present inventions lies
provision of an ultrasonic diagnostic system which can easily
search a reference tissue which extends in a direction of a
body axis and which can construct a superior measurement
situation.

Solution to Problem

[0021] The invention described in each of the claims of the
present application is directed to realizing one of the above-
described advantages.

[0022] According to one aspect of the present invention,
there is provided an ultrasonic diagnostic system comprising
an ultrasonic probe which is brought into contact with a living
body, which transmits and receives ultrasound, and which
outputs a reception signal; an image formation unit which
forms an ultrasonic image based on the reception signal; a
distance measurement unit which uses a plurality of ultra-
sonic images including a plurality of measurement paths
which are radially set on a cross section of the living body, to
measure a distance between a reference site at a deep position
and a predetermined boundary surface at a shallow position
on each of the measurement paths; an index value calculation
unit which calculates an index value having a correlation to an
amount of visceral fat based on a relative positional relation-
ship among the plurality of measurement paths and a plurality
of distances measured on the plurality of measurement paths;
and an output unit which outputs the index value.

[0023] According to the above-described structure, a range
where there is a possibility that the visceral fat exists in the
living body is identified as a plurality of distances along a
plurality of measurement paths. Based on the relative posi-
tional relationship among the plurality of measurement paths
(preferably, intersection angles) and the plurality of dis-
tances, an index value having a correlation to the amount of
visceral fat is calculated. In the abdominal circumference
measurement method which is the method of related art, the
subcutaneous fat and the thickness of the muscle are also
included as measurement targets, but with the above-de-
scribed configuration, the range where the visceral fat may
exist can be identified while removing the subcutaneous fat
layer or the like, and use the range as a basis for the index
value calculation. More specifically, according to the method
disclosed in the present application, a plurality of distances
are measured along a plurality of measurement paths, and,
thus, a two-dimensional spreading or a size of the visceral fat
can be considered. Because of this, the reliability of the index
value can be improved. When the X-ray CT device is used for
measurement of the visceral fat, a problem of radiation expo-
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sure occurs and a large-scale mechanism is required. How-
ever, with the above-described configuration, the index value
can be measured quickly and non-invasively, and a high level
of medical usability can be achieved. The predetermined
boundary surface is a boundary surface surrounding an area
where the visceral fat exists. Preferably, the predetermined
boundary surface is an inner surface of a subcutaneous layer
in which the visceral fat does not exist; more specifically, is an
inner surface of a muscle layer or an inner surface of a sub-
cutaneous fat layer.

[0024] The number of measurement paths is greater than or
equal to two, and is preferably three. By setting three mea-
surement paths, in addition to the spreading of the range
where the visceral fat may exist, the approximate shape (or a
difference between a form on a right side and a form on a left
side) of the range can be considered. Alternatively, four or
more measurement paths may be set. The distance measure-
ment is executed automatically, manually, or semi-automati-
cally. In the case of manual execution, in consideration of the
user’s burden, it is preferable to set three measurement paths.
The plurality of measurement paths are preferably set such
that the plurality of measurement paths intersect each other at
a deep portion in the body. The shape of a range or a body
cavity in which the visceral fat may exist is approximately
elliptical, and, therefore, it is particularly preferable to set the
reference site near the center of the ellipse and set a plurality
of measurement paths which radially spread from the refer-
ence site. In order to realize the distance measurement on the
plurality of measurement paths, the probe is stepwise or
simultaneously brought into contact with a plurality of con-
tact positions on the surface of the living body. Preferably,
each of the plurality of ultrasonic images which are displayed
includes a line representing the measurement path, and there
is provided an input unit with which a user designates the
reference site and the predetermined boundary surface on
each line.

[0025] Preferably, the reference site is a blood vessel, each
ultrasonic image corresponding to each of the measurement
paths is displayed as a tomographic image, and a distance
between the blood vessel and the predetermined boundary
surface is measured on each of the tomographic images. Dis-
playing the tomographic image facilitates visual identifica-
tion of the predetermined boundary surface. In addition, the
identification of the blood vessel is also facilitated. Alterna-
tively, the identification of the blood vessel may be automati-
cally executed using an ultrasonic Doppler method. Prefer-
ably, the blood vessel is a descending aorta which beats. Such
a beating blood vessel can be very easily recognized on the
tomographic image, and, by setting the measurement paths
with reference to such a blood vessel, the reliability of mea-
surement can be improved even for a manual measurement.

[0026] Preferably, the plurality of tomographic images cor-
respond to a plurality of scanning planes which are perpen-
dicular to the cross section and which cross each other on the
descending aorta.

[0027] Preferably, the cross section of the living body is a
lateral cross section on an abdominal region of the living
body, and a central scanning plane among the plurality of
scanning planes is formed at a position avoiding the navel
existing in the abdominal region.

[0028] Preferably, the plurality of scanning planes include
a central scanning plane, aright-side scanning plane, and a
left-side scanning plane, and the right-side scanning plane
and the left-side scanning plane are set on aright side and a left
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side of the central scanning plane with substantially the same
inclination angle with respect to the central scanning plane.
Preferably, the plurality of measurement paths include a cen-
tral path, a right-side path, and a left-side path, and the index
value calculation unit comprises a unit which calculates a
right-side portion area of a right-side portion between the
central path and the right-side path based on a distance along
the central path, a distance along the right-side path, and a
right-side angle between the central path and the right-side
path; a unit which calculates a left-side portion area of a
left-side portion between the central path and the left-side
path based on the distance along the central path, a distance
along the left-side path, and a left-side angle between the
central path and the left-side path; and a unit which calculates
the index value using at least the right-side portion area and
the left-side portion area.

[0029] Thecalculated area value may be output as the index
value without further processing, or a volume value may be
determined by calculating area values at various positions of
the living body and output as the index value. As the method
of area calculation and volume calculation, various methods
may be considered. In any case, it is preferable to calculate the
plurality of distances along the plurality of radial measure-
ment paths and to calculate the index value on the basis of the
two-dimensional shape information in the living body.
[0030] Preferably, the ultrasonic diagnostic system further
comprises probe-holding equipment. Preferably, the probe-
holding equipment comprises a plurality of holding portions
which store a probe to be brought into contact with the
abdominal region, and a fixing unit which fixes the plurality
ofholding portions on the abdominal region, and the plurality
of holding portions are provided aligned in a left-and-right
direction of the abdominal region and with an angle to direct
a transmission and reception surface of the probe toward the
reference site during use.

[0031] With the above-described configuration, the plural-
ity of holding portions are provided with a predetermined
positional relationship, and a user can set the probe in the
holding portions in order and execute the ultrasonic diagnosis
ateach position. With such a configuration, because the probe
can be quickly and accurately positioned, the burden of the
user can be reduced, and superior reproducibility of the mea-
surement can be achieved. The reference site is, for example,
ablood vessel positioned in a deep portion in the body, and an
orientation of the probe is adjusted such that the scanning
plane passes through the reference site. In particular, the
inclination angle is adjusted. In the state where the probe is
inserted in each of the plurality of holding portions, in gen-
eral, the electronic scanning directions become parallel to
each other, and only a rake angle of the scanning plane is
adjusted. When the electronic scanning direction and the
running direction of the blood vessel serving as the reference
site are in a parallel relationship, the plurality of scanning
planes may intersect on the central axis of the blood vessel.
The number of the holding portions is determined according
to the measurement objective, and, for the measurement of
the visceral fat, for example, three holding portions are pro-
vided. Alternatively, two, or four or more holding portions
may be provided. The fixing unit preferably surrounds the
entirety of the abdominal region, but, alternatively, other
structures may be used.

[0032] Preferably, each holding portion has a deformability
to permit a rake movement of the probe stored therein. Each
holding portion is preferably formed with an elastic, deform-
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able material. A gap may be provided in the holding portion to
permit the movement of the probe. The holding portion is
preferably formed such that the probe is not dropped even
when the user is not holding the probe with a hand. Preferably,
the positioning of the scanning plane is executed by the user
while viewing the ultrasonic image.

[0033] Preferably, the probe includes a one-dimensional
array transducer, and each holding portion holds the probe
such that an element arrangement direction of the one-dimen-
sional array transducer is parallel to a body axis direction of
the living body. Preferably, in each holding portion, there are
formed an opening for exposing the transmission and recep-
tion surface of the probe to the living body side and a hollow
structure which surrounds and holds the probe.

[0034] Preferably, the plurality of holding portions include
a central holding portion, a right-side holding portion, and a
left-side holding portion, the right-side holding portion and
the left-side holding portion are inclined with respect to the
central holding portion and the overall holding portions
spread in a fan shape, and inclination angles of the right-side
holding portion and the left-side holding portion with respect
to the central holding portion during use are set between 30
degrees and 50 degrees. Preferably, the fixing unit is a belt-
shaped member wound around the body section. Preferably, a
marker which is used for position matching with respect to the
navel is provided.

BRIEF DESCRIPTION OF DRAWINGS

[0035] FIG. 1 is a diagram for explaining a measurement
method of the present invention, and particularly showing
three measurement paths for calculating an index value.
[0036] FIG.2isadiagram forexplaining distance measure-
ment on three tomographic images corresponding to three
measurement paths.

[0037] FIG. 3 is a diagram for explaining an area calcula-
tion based on three distances.

[0038] FIG. 4 is a conceptual diagram showing a specific
example calculation in an area calculation.

[0039] FIG. 5is a diagram for explaining an example cal-
culation of a right-side portion area and a left-side portion
area.

[0040] FIG. 6 is a diagram for explaining an area calcula-
tion method using a table.

[0041] FIG. 7 is a diagram for explaining automatic dis-
tance calculation along a measurement path.

[0042] FIG.8is adiagram showing an ultrasonic diagnostic
system having a function to calculate an index value having a
correlation to an amount of visceral fat.

[0043] FIG.9isa flowchart of an example operation of the
device shown in FIG. 8.

[0044] FIG. 10 is a perspective view for explaining a piece
of equipment used for fixing the probe on a plurality of
positions on a body surface.

[0045] FIG. 11 is a cross sectional diagram of the equip-
ment shown in FIG. 10.

[0046] FIG. 12 is a diagram for explaining an overall struc-
ture of the equipment shown in FIG. 10

BEST MODE FOR CARRYING OUT THE
INVENTION

[0047] A preferred embodiment of the present invention
will now be described with reference to the drawings.
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[0048] FIG.1 schematically shows a lateral cross section of
an abdominal region of a living body. FIG. 1 particularly
shows a situation where an index value having a correlation to
the amount of visceral fat is measured and calculated. An X
direction is a direction of the spine, a Z direction is a direction
of thickness of the living body, and a Y direction is a left-and-
right direction. The lateral cross section of FIG. 1 is a cross
section which is observed by setting a viewing line from a leg
side toward a head side.

[0049] In FIG. 1, reference numeral 10 represents an
abdominal region of the living body, with a lower side of the
abdominal region 10 representing the back and an upper side
of the abdominal region 10 representing a surface 12 of the
abdominal region 10. For example, the living body is placed
on a bed facing upward. In the inside of the abdominal region
10, a subcutaneous fat layer 14 exists. The subcutaneous fat
layer 14 is a layer including the skin and the muscle. A muscle
16 exists also in an inner side of the subcutaneous fat layer 14.
A visceral fat area 20 is present in a further inner side of the
muscle 16. In FIG. 1, the visceral fat area 20 is a gap region
extending in the YZ plane, and exists around the organs. The
existence percentage differs depending on the person. With
the present method described below, a special index value
having a significant correlation to the amount of visceral fat
can be calculated. A subcutaneous layer may be defined as a
layer including the subcutaneous fat layer 14 and the muscle
16. In FIG. 1, the visceral fat area 20 is surrounded by an inner
surface (boundary surface) 16 A of the subcutaneous layer.
[0050] InFIG. 1, reference numeral 18 represents a lumber
vertebra, and reference numeral 24 represents other tissues
such as an organ. The tissue which should be observed here is
a descending aorta 22. The descending aorta is a wide artery,
and a beat of the descending aorta can be easily viewed on the
ultrasonic image. The descending aorta 22 is positioned at an
approximate center of the abdominal region, and, in the
present embodiment, the descending aorta 22 is used as a
reference tissue or a reference site.

[0051] For the measurement of the index value, in the
present embodiment, 3 measurement paths 36A, 368, and
36C are set. In FIG. 1, these paths are shown as 3 lines, and
these lines cross each other at a center of the descending aorta
22. With respect to the measurement path 36A at the center,
the other two measurement paths 36B and 36C are inclined by
the same angle. The angle is, for example, 40 degrees. The
angle value may alternatively be set in a range of 30 degrees
to 50 degrees or to another angle. Three contact positions A,
B, and C are determined, in order to set the three measurement
paths 36A, 36B, and 36C radially.

[0052] More specifically, a piece of holding equipment 26
is provided on the abdominal region surface 12, and a probe
32 is sequentially held at the three contact positions A, B, and
C by the holding equipment 26. The holding equipment 26
has three holding portions 30A, 30B, and 30C, and the probe
32 may be selectively inserted and held in one of the holding
portions 30A, 30B, and 30C. For example, in FIG. 1, the
probe 32 is provided in the contact position A; that is, the
probe 32 is inserted in the holding portion 30A. A transmis-
sion and reception surface of the probe 32 is in close contact
with the abdominal region surface 12, and ultrasound is trans-
mitted and received in this state; that is, electronic scanning of
the ultrasonic beam is executed. When the measurement at
this position is completed, the probe 32 is next moved to the
contact position B, and a similar ultrasonic measurement is
executed at this position. Then, ultrasonic measurement simi-
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lar to the above is executed at the contact position C. Refer-
ence numeral 28 represents a base portion of the holding
equipment 26, and reference numerals 32-2 and 32-3 repre-
sent the probe after the probe is re-inserted. The electronic
scan direction of the probe 32 is in the X direction. That is, the
electronic scan is executed in a direction perpendicular to the
lateral cross section shown in FIG. 1, and the scanning plane
is formed in this direction. The central contact position A is
set at a position slightly avoiding a navel position where an air
layer gap tends to be generated. With this configuration, supe-
rior acoustic propagation is ensured at all times. The contact
position A is positioned immediately above the descending
aorta 22.

[0053] In the present embodiment, in order to measure a
value corresponding to the area of the visceral fat area 20
shown in FIG. 1, three measurement paths 36 A, 36B, and 36C
are set as described above, and, along each of the measure-
ment paths 36A, 36B, and 36C, a distance from the center of
the descending aorta to a boundary surface 16A existing on
the side of the front surface of the living body is manually or
automatically measured. FIG. 2 shows an example configu-
ration where the distance is measured manually. In FIG. 1, the
boundary surface 16A is an inner surface of the muscle layer.
Alternatively, an inner surface of the subcutaneous fat layer
14 may be used as the reference surface.

[0054] InFIG. 2, three tomographic images Fa, Fb, and Fc
are shown corresponding to the three contact positions A, B,
and C described above. The tomographic images Fa, Fb, and
Fc are formed based on echo data on three scanning planes.
Here, each scanning plane is formed by electronic scanning of
an ultrasonic beam. In FIG. 2, the probe 32 which is placed in
each contact position is conceptually shown. In each tomo-
graphic image, a line representing the measurement path is
displayed.

[0055] When, for example, reference is made to the central
tomographic image Fa, the measurement path is shown with
reference numeral La in this image. When the distance mea-
surement is executed, a center O of the descending aorta is
designated by the user, and a point 40A corresponding to a
depth position of a boundary surface Ra is designated by the
user. These two points O and 40A are designated on the
measurement path La corresponding to a central line. Alter-
natively, there may be employed a configuration in which
such a path can be freely inclined or deflected. The boundary
surface Ra is in general a surface which can be easily visually
identified, and the descending aorta can also be very easily
identified on the image. Therefore, the distance can be iden-
tified with a high level of precision. Similarly, at the contact
position B also, along the measurement path Lb, the center O
ofthe descending aorta and a point 40B on a boundary surface
Rb are designated by the user, and a distance b is automati-
cally identified as a result . Similarly, at the contact position C
also, along the measurement path Lc, the center point O and
apoint C on a boundary surface Rc are identified by the user,
and a distance c is automatically calculated. With the above-
describe process, the three distances a, b, and ¢ are recog-
nized.

[0056] FIG. 3 again shows a lateral cross section of the
living body. Points 38A, 38B, and 38C on the measurement
paths 36A, 36B, and 36C represent center points on the trans-
mission and reception surface, and 0 represents the center
point of the descending aorta as described above. Reference
numerals 40A, 40B, and 40C represent points on the bound-
ary surface designated by the above-described process. In the
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present embodiment, the central measurement path 36 A is set
vertical. Inclination angles 6b and 6¢ of the other two mea-
surement paths 36B and 36C with respect to the central mea-
surement path are known, and, for example, the inclination
angles 6b and 6c¢ are both 40 degrees. With this process, four
points for identifying two triangles are defined. That is, a
two-dimensional shape of a quadrangle or two triangles sur-
rounded by four points including the center point O, the
boundary point 40B, the boundary point 40A, and the bound-
ary point 40C can be identified. According to the experiments
by the present inventors, it has been shown that such a size or
area of the two-dimensional shape and the amount of visceral
fat in the abdominal cavity are in a strong correlation rela-
tionship. Thus, an index value showing the size of the amount
of visceral fat can be calculated using the size or the area of
the two-dimensional shape.

[0057] Asamethod of obtaining such an index value, there
exist a function calculation method and a table method. In the
following, first, the function calculation method will be
described. In this method, the area is calculated from the
geometric viewpoint (that is, relative positional relationship
among the three measurement paths and three distances). The
details will now be described.

[0058] Areas Sb and Sc of the two triangles can be easily
determined based on the distances a, b, and ¢ which are
already calculated, and the 2 angles 6b and 8¢ which are
known. In the present embodiment, such a method is
expanded to further calculate areas of four triangles . That is,
partial areas Sb1, Sb2, Scl, and Sc2 are calculated.

[0059] The area Sb1 is an area of a triangle surrounded by
the points O, 40B, and R1, and can be calculated from the
angle 6b1 and lengths b and b1 of two sides. The angle 6b1 is
a known value, and the length b1 of the side is defined in the
present embodiment as the same length as the side b or a
length obtained by multiplying the length of side b by a
predetermined coefficient. The area Sb2 is an area of a tri-
angle surrounded by 3 points O, R1, and R2, and is calculated
based on lengths b1 and b2 of the sides and an angle 0b2. The
angle 6b2 is a known value, and the length b2 can be calcu-
lated, for example, using predetermined coefficients and
based on b and c. With a similar method, the partial area Sc1
and the partial area Sc2 are determined. The partial area Scl
is calculated from c, c1, and 6¢1, and the partial area Sc2 is
calculated from c1, c2, and 06c2. Because angles 0¢1 and 6c2
are known, c1 and c2 may be estimated based on ¢ orbased on
c and b. Finally, an area S in which the partial areas Sb, Sc,
Sb1, Sb2, Sc1, and Sc2 are added is determined. The area S is
output as an index value representing the amount of visceral
fat, or an index value is determined by converting or correct-
ing the area S. In either case, the size of the visceral fat area 20
is measured from a two-dimensional viewpoint, so that an
index value can be obtained with higher reliability than the
measurement of the abdominal circumference (that is, the
method of the related art) .

[0060] FIG. 4 is a conceptual diagram showing the above-
described method. Reference numeral 52 represents a calcu-
lation module. The calculation at the calculation module is
realized by, for example, a function of software. Numerical
values a, b, ¢, Ob, and O¢ represented with reference numerals
42-50 are input to the module 52. In addition, values of 6b1,
6b2, B¢l, and O¢2 represented by reference numerals 54-60
are supplied as necessary. Based on these parameter values, as
shown by reference numerals 62-72, six partial areas Sb-Sc
are calculated by the functions shown in the figure. The exem-
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plified configuration is merely one example, and, in any con-
figuration, desirably, the three measured distances a, b, and ¢
and the two angles 6b and 8¢ which are known are used.
Reference numeral 74 represents an addition of the 6 partial
areas. The area S which is the added result may be output as
the index value or a volume may be calculated based on the
plurality of areas and output . Moreover, in the calculation of
the evaluation value, the body constitution, age, sex, or the
like of the subject may be considered, which is shown with
reference numeral 76. Specifically, a correction is applied
based on various conditions on S which is the added result,
and a final index value S' may be determined. The index value
may be a volume V'. When the volume is determined, areas
are determined at a plurality of positions on the living body
and the volume is desirably determined based on these areas.
Alternatively, if the volume can be determined from the area
based on experience, such a conversion may be executed.
[0061] FIG. 5 exemplifies a basic calculation equation of
two partial areas. Reference numeral 78 shows a calculation
method of the partial area Sb. That is, a calculation of Y4-ab sin
Ob is executed. Reference numeral 80 shows a calculation
method of the partial area Sc. That is, a calculation of Y2-ac sin
Oc is executed.

[0062] As shown in FIG. 6, a table 82 may be employed in
which a, b, ¢, 6b, and 8¢ are supplied as input values and S is
determined as an output value. For example, data may be
obtained from many subjects and may be accumulated, in
order to construct such a table .

[0063] FIG. 7 shows an automatic calculation method of
the distance. On a frame F, a measurement line L is set as a
central line. W represents a search range. For example, by
executing an edge detection process from an origin of the
search range W, it is possible to identify an edge point 40 on
the boundary surface R. The search direction may be toward
the upward direction. Alternatively, a bloodstream section D
may be extracted using an ultrasonic Doppler method, and,
based on aresult of such an image process, two edge points 84
and 86 may be identified, and a center point O may be iden-
tified as an intermediate point of the edge points. The blood-
stream section may be identified without the use of the Dop-
pler information and by a binarization process or the like.
With such an automatic calculation, the burden of the user can
be significantly reduced. The effectiveness of the automatic
calculation can be recognized in particular for a group medi-
cal examination or the like.

[0064] FIG. 8 is a block diagram showing an ultrasonic
diagnostic device having the above-described function to cal-
culate the index value.

[0065] A probe 180 is connected to a body through a cable,
and in the present embodiment, the probe 180 comprises a
1-D (one-dimensional) array transducer. The 1-D array trans-
ducer is formed from a plurality of transducer elements which
are arranged in a linear shape or an arc shape. An ultrasonic
beam is formed by the array transducer. The ultrasonic beam
is electrically scanned. As such a scanning method, an electric
linear scanning, electronic sector scanning, etc. are known. In
the present embodiment, an arc-shaped array transducer is
used, and a scanning method which is known as convex
scanning is executed. A single probe 180 is used, and the same
probe is sequentially brought into contact at the plurality of
contact positions in multiple stages.

[0066] A transmission and reception unit 182 functions as a
transmission beam former and a reception beam former. Dur-
ing transmission, the transmission and reception unit 182
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supplies a plurality of transmission signals in parallel to the
array transducer. With this process, a transmission beam is
formed at the probe 180. A reflected wave from the inside of
the living body is received by the probe 180, and a plurality of
reception signals are output to the transmission and reception
unit 182. During reception, the transmission and reception
unit 182 executes a phase align and summing process on the
plurality of reception signals to form a reception signal after
the phase align and summing, and outputs beam data. The
beam data is supplied to a signal-processing unit 184. The
signal-processing unit 184 comprises a logarithmic converter,
a wave detector, etc.

[0067] The beam data after the signal process are supplied
to an image formation unit 186. The image formation unit 186
is formed from a digital scan converter, which includes a
coordinate conversion function and an interpolation process
function. A B-mode black-and-white tomographic image is
formed by a plurality of sets of beam data. The image data are
supplied to a display-processing unit 188. A tomographic
image is displayed on a display unit 192.

[0068] A measurement unit 190 is amodule which executes
automatic distance measurement or a module which executes
a distance calculation based on a position which is manually
input. A control unit 194 executes operation control of the
structures shown in FIG. 1. The control unit 194 is formed
from a CPU and an operation program. An input unit 196 is
formed from an operation panel or the like, and more specifi-
cally, comprises a keyboard, a trackball, etc. The user can
designate a position by means of the input unit 196.

[0069] FIG. 9 shows an operation of the device shown in
FIG. 8. In particular, FIG. 9 shows an operation when the
index value is calculated.

[0070] Ina state where the living body lies on a bed facing
upward, the holding equipment is placed on the abdominal
region. Then, the probe is set at a position A in S101. The
position A is, for example, the central position. In S102, on a
tomographic image formed using the probe thus placed, a
center point of the blood vessel and the boundary point are
input by the user, and a distance therebetween is measured.
Prior to this process, the orientation of the probe is adjusted
by the user so that a desired cross section is drawn. This
process corresponds to a process of setting the central mea-
surement line. The holding equipment is formed with a soft
material to permit such an inclining movement; that is, the
raking movement.

[0071] When the distance measurement is completed at the
central position, in S103, the probe is set at a position B, and,
in S104, the orientation and position of the probe are adjusted
and the center of the blood vessel and the boundary point are
designated by the user on a B-mode tomographic image. With
this process, a second distance is measured. Similarly, in
S105, the probe is set at a position C, and, in S106, the
position and the orientation of the probe are adjusted and the
center point of the blood vessel and the boundary point are
designated by the user on an ultrasonic image. With this
process, a third distance is measured.

[0072] InS107,based on the three distances and two angles
which are defined in advance, an index value having a high
correlation to the amount of visceral fat is calculated. The
calculation corresponds to estimation of the amount of vis-
ceral fat. In S108, the index value is displayed. In a group
medical examination, by not simply measuring the abdominal
circumference, but also estimating the visceral fat existing
area in the abdominal cavity using the ultrasonic diagnosis
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and in a two-dimensional shape as described above, it
becomes possible to obtain a more useful index value for
diagnosing or evaluating metabolic syndrome. In order to
further improve the correlation between the index value and
the amount of visceral fat, in the diagnosis, it is desirable to
apply correction based on the sex, physical constitution, and
other information pertaining to the subject. A coefficient used
for such a correction is determined based on experience or
experimentally.

[0073] Next, with reference to FIGS. 10-12, the holding
equipment used for the measurement of the index value as
described above will be described in detail. The holding
equipment maybe used for usages other than the above-de-
scribed measurement.

[0074] FIG. 10 shows a structure of primary portions of the
holding equipment 100. Reference numeral 100 A represents
a body unit. The body unit 100A has abase 102, and three
holding portions 104, 106, and 108 are provided on the base
102. The holding portions 104, 106, and 108 have hollow
portions 104A, 106A, and 108A, respectively, where the
probe is inserted and is gently held. A horizontal cross sec-
tional shape of the hollow portions 104A, 106 A, and 108A is
uniform along a depth direction. Alternatively, the shape may
be deformed along an outer shape of the probe.

[0075] The body unit 100A is formed from a soft material
such as, for example, rubber, and a belt section 110 connected
to the body unit 100A is also formed from rubber or the like.
However, when the belt section 110 is used to measure the
abdominal circumference or the like, the belt section 110 is
desirably formed from a material which is not stretchable. By
providing the belt section 110, it becomes possible to fix the
body unit 100A while the surroundings of the abdominal
region are enwrapped by the belt section 110, and the probe
can be easily held in a stable state. With such a configuration,
an orthogonal coordinate system referencing the subject can
be easily defined. In addition, with the use of such holding
equipment 100, the probe can be followed and moved with the
surface movement of the living body during respiration, a
problem such as position deviation for measurement can be
reduced, and reproducibility of the measurement can be
improved.

[0076] Because three probe positions are defined in the
measurement of the index value as described above, the body
unit 100A shown in FIG. 10 has three holding portions 104,
106, and 108 . The holding portion 104 at the center stands
vertically; that is, has a vertical orientation extending in the Z
direction. The two other holding portions 106 and 108 are
provided with an inclination angle of a predetermined angle;
more specifically, 40 degrees, with respect to the holding
portion 104. These holding portions are inclined in the YZ
plane. Because the body unit 100A itself is made from a soft
material, the probe inserted in each holding portion can be
inclined. Movement of the probe itself is permitted in the
direction in the YZ plane, and movement of the probe in other
directions is limited. With this configuration, the search of the
descending aorta can be easily executed, and three scanning
planes can be accurately crossed on the descending aorta.
Reference numeral 112 shows a navel marker, and a projected
portion of the marker is matched with the position of the
navel. With this configuration, reproducibility of measure-
ment and superiority of ultrasound propagation can be
ensured.

[0077] FIG. 11 shows across section of the body unit 100A.
As described above, the three holding portions 104, 106, and
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108 are hollow structures, and are radially aligned. In FIG. 11,
an angle 01 is, for example, 40 degrees, and an angle 62 is, for
example, also 40 degrees. Alternatively, so long as the suit-
able angle can be realized during equipment, in the original
form state, the angles 81 and 62 may be smaller angles. The
central holding portion 104 stands vertically. The hollow
insides 104A, 106A, and 108 A have shapes to just enfold the
outer side of the probe, and, when the probe is held, the probe
may be inclined due to the degree of freedom of movement in
the hollow inside and the elasticity of the body, but the probe
does not easily drop from the holding portion. Reference
numeral 114A represents an upper opening, and reference
numeral 114B represents a lower opening. Similarly, refer-
ence numeral 116 A represents an upper opening, reference
numeral 116B represents a lower opening, reference numeral
118A represents an upper opening, and reference numeral
118B represents a lower opening. Ina state where the probe is
set, it is desirable that the transmission and reception surface;
more specifically, an acoustic lens surface, of the probe
closely contacts the body surface, and, in order to remove an
air layer between the transmission and reception surface and
the living body surface, for example, an acoustic coupling
member of jelly form is used. The body unit 100A may be
formed from a transparent material in order to ensure visibil-
ity.

[0078] FIG. 12 conceptually shows the entirety of the hold-
ing equipment 100. As described above, the holding equip-
ment 100 includes the body unit 100A, and the belt section
110 connected on both ends of the body unit 100A. The belt
section 110 is to be wound around the body section of the
living body. The belt section 110 itself may be stretchable, or,
for example, amechanism having an adjustable length may be
provided as shown with reference numeral 120. In addition, in
order to allow measurement of the abdominal circumference
during length adjustment, scaling marks may be provided on
the belt section 110. On both sides of the body unit 100A
including one side and the other side, the protruded marker
112 is provided so that the marker 112 can be matched with a
position of the navel regardless of the orientation the body
unit 100A is placed in, and a problem such as re-doing the
placement of the holding equipment 12 or the like can be
prevented in advance. With the employment of the navel
marker 112, the probe contact position can always be shifted
from the center of the living body to one side by a predeter-
mined distance, which allows both formation of superior
propagation path and superior reproducibility of measure-
ment. Such a position corresponds to a position above the
descending aorta, and the vertical positioning can be executed
simultaneously.

[0079] Because the holding equipment shown in FIGS.
10-12 facilitates setting of the plurality of scanning planes in
a state of intersecting each other on a reference site existing in
a deep portion within a living body, the holding equipment
can be generally used in cases, in addition to the calculation of
the index value described above, where similar measurement
is desired. The elasticity or the degree of holding action of the
holding equipment may be adjusted according to the usage .
With the use of such holding equipment, in a group medical
examination, a doctor can easily complete positioning of the
probe by merely sequentially inserting the probe in the hold-
ing portions, and, thus, the burden of the doctor can be sig-
nificantly reduced. In addition, because the reproducibility of
measurement can be significantly improved, the efficiency of
the group medical examination can be improved.
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[0080] Inthe present embodiment, the index value is mea-
sured in a state where the living body faces a lateral direction.
Alternatively, the index value may be measured using similar
holding equipment in a state where the living body is stand-
ing.

1. An ultrasonic diagnostic system comprising:

an ultrasonic probe which is brought into contact with a
living body, which transmits and receives ultrasound,
and which outputs a reception signal;

an image formation unit which forms an ultrasonic image
based on the reception signal;

a distance measurement unit which uses a plurality of
ultrasonic images including a plurality of measurement
paths which are radially set on a cross section of the
living body, to measure a distance between a reference
site at a deep position and a predetermined boundary
surface at a shallow position along each of the measure-
ment paths;

an index value calculation unit which calculates an index
value having a correlation to an amount of visceral fat
based on a relative positional relationship among the
plurality of measurement paths and a plurality of dis-
tances measured along the plurality of measurement
paths; and

an output unit which outputs the index value.

2. The ultrasonic diagnostic system according to claim 1,

wherein

the reference site is a blood vessel,

each ultrasonic image corresponding to each of the mea-
surement paths is displayed as a tomographic image, and

a distance between the blood vessel and the predetermined
boundary surface is measured on each of the tomo-
graphic images.

3. The ultrasonic diagnostic system according to claim 2,

wherein

the blood vessel is a descending aorta which beats.

4. The ultrasonic diagnostic system according to claim 3,

wherein

the plurality of tomographic images correspond to a plu-
rality of scanning planes which are perpendicular to the
cross section and which cross each other on the descend-
ing aorta.

5. The ultrasonic diagnostic system according to claim 4,

wherein

the cross section of the living body is a lateral cross section
on an abdominal region of the living body, and

a central scanning plane among the plurality of scanning
planes is formed at a position avoiding a navel existing in
the abdominal region.

6. The ultrasonic diagnostic system according to claim 5,

wherein

the plurality of scanning planes include a central scanning
plane, a right-side scanning plane, and a left-side scan-
ning plane, and

the right-side scanning plane and the left-side scanning
plane are set on a right side and a left side of the central
scanning plane with substantially the same inclination
angle with respect to the central scanning plane.

7. The ultrasonic diagnostic system according to claim 1,

wherein

the plurality of measurement paths include a central path, a
right-side path, and a left-side path, and
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the index value calculation unit comprises:

a unit which calculates a right-side portion area of a right-
side portion between the central path and the right-side
path based on a distance along the central path, a dis-
tance along the right-side path, and a right-side angle
between the central path and the right-side path;

aunit which calculates a left-side portion area of a left-side
portion between the central path and the left-side path
based on the distance on the central path, a distance
along the left-side path, and a left-side angle between the
central path and the left-side path; and

a unit which calculates the index value using at least the
right-side portion area and the left-side portion area.

8. The ultrasonic diagnostic system according to claim 1,

wherein

the predetermined boundary surface is an inner surface of
a subcutaneous layer.

9. The ultrasonic diagnostic system according to claim 1,

wherein

each of the ultrasonic images includes a line representing a
corresponding measurement path, and

the system further comprises an input unit with which a
user designates the reference site and the predetermined
boundary surface on each of the lines.

10. The ultrasonic diagnostic system according to claim 1,

further comprising:

probe-holding equipment for maintaining a state where the
probe is brought into contact with a surface of an
abdominal region of the living body.

11. The ultrasonic diagnostic system according to claim

10, wherein

the probe-holding equipment comprises:

a plurality of holding portions which store a probe to be
brought into contact with the abdominal region; and

a fixing unit which fixes the plurality of holding portions on
the abdominal region, and

the plurality of holding portions are provided aligned in a
left-and-right direction and with an angle to direct a
transmission and reception surface of the probe toward
the reference site during use.
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12. The ultrasonic diagnostic system according to claim
11, wherein
each of the holding portions has deformability to permit a
raking movement of the probe stored therein.
13. The ultrasonic diagnostic system according to claim
11, wherein
the probe includes a one-dimensional array transducer, and
each of the holding portions holds the probe such that an
element arrangement direction of the one-dimensional
array transducer is parallel to a body axis direction of the
living body.
14. The ultrasonic diagnostic system according to claim
11, wherein
in each of the holding portions, there are formed an open-
ing for exposing the transmission and reception surface
of the probe to the living body side and a hollow struc-
ture which surrounds and holds the probe.
15. The ultrasonic diagnostic system according to claim
11, wherein
the plurality of holding portions include a central holding
portion, a right-side holding portion, and a left-side
holding portion;
the right-side holding portion and the left-side holding
portion are inclined with respect to the central holding
portion, and the overall holding portions spread in a fan
shape, and
inclination angles of the right-side holding portion and the
left-side holding portion with respect to the central hold-
ing portion during use are set between 30 degrees and 50
degrees.
16. The ultrasonic diagnostic system according to claim
11, wherein
the fixing unit is a belt-shaped member wound around the
body section.
17. The ultrasonic diagnostic system according to claim
11, wherein
a marker which is used for position matching with respect
to a navel is provided.
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