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Hamburg, February 23, 1993

X-RAY RADIOGRAPHIC APPARATUS FOR MEDICAL USE

BACKGROUND OF THE INVENTION
(1) Field of the Invention
. This invention relates to X-ray radiographic
5 apparatus used in the medical field.
(2) Description of the Related Art
The X~-ray radiographic apparatus used in the
medical field may be classified, by the difference in
images, broadly intoc an X-ray CT apparatus for photo-

10 graphing slice images of the body, and an ordinary
X-ray radiographic apparatus, or what is known as a

_roeqtogenographic apparatus, for.recording X-ray
penetration images (planar images) of the body on X-ray
film.

15 The X~ray CT apparatus causes an X-ray source to
revolve around an examinee, and detects X-rays trans-
mitted through the examinee. The detected X-rays are
converted to a digital signal for image reconfigura-
tion. The results are subjected to appropriate image

20 processing such as enlargement or reduction to be shown
on a monitor display. The examinee is transported on a
horizontally movable bed to the apparatus.

The ordinary X-ray radiographic apparatus photo-

graphs an examinee lying on a bed, by means of an X-ray
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BACKGROUND OF THE | NVENTI ON (1) Field of the Invention Thi s
invention relates to X-ray radi ographic apparatus used in the nedical
field. (2) Description of the Related Art The X-ray radi ographic
apparatus used in the nedical field my be classified, by the difference

I n
tube and X-ray film érranged vertically acrosé the
examinee. A different type of X-ray radiographic
apparatus has, in place of the X-ray f£ilm, an image
intensifier for converting X-rays to an optical image,
5 -and an X-ray television camera for picking up the

optical image outputted from the image intensifier and
converting the image to an electrical signal (video
signal). The video signal is digitalized, and the
result is subjected to appropriate image processing

10 such as enlargement or reduction fo be shown on a
monitor display. A further type of X-ray radiographic
apparatus has both the function to take photographs on
film and the function to present pictures on a monitor
display. These apparatus are collectively called

15 hereinafter the ordinary X-ray radiographic apparatus.

While there is a physical difference between the

images obtained from the X—ray'CT apparatus and the
ordinary X-ray radiographic apparatus, not a few
'compénénts can be shared by the two types of apparafus

20 which use the same principle of obtaining information
about the body interior through X-ray exposure. Such
components include the béd for supporting the examinee,
a high voltage unit for supplying a high current to the
X~-ray tube to generate X-rays, an image processing unit

25 for enlarging and reducing images shown on the monitor
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i mages, broadly into an X-ray CT apparatus for photo- graphing slice
I mges of the body, and an ordinary X-ray radi ographi c apparatus, or what -
is known as a roentogenographic apparatus, for recording X-ray

penetration i mages (planar inmages) of the body on X-ray film The
X-ray CT apparatus causes an X-ray source to revolve around an exani nee,

and detects X-rays trans-

display, a console, and so on. The two types of
apparatus are used for approximately the same purpose.
Sometimes one patient is diagnosed by successively
using the X-ray CT apparatus and ordinary X-ray radio-
5 graphic apparatus.
However, the two apparatus are manufactured aﬁd
sold separately as completely independent apparatus.
In a medical organization having.both apparatus, a
large spéce must be secured to accommodate them at the
10 same time or, as an alternative, a separate examinafion
room must be secured to accommodate each apparatus. In
the latter case, the patients diagnosed with the two
apparatus must move from one examination room to the
other. This imposes a considefablé burden particularly

15 on patients suffering from advanced diseases.

SUMMARY OF THE INVENTION

Having regard to the state of the art noted above,
the object of this invention is to provide an X-ray
radiographic apparatus which realizes accommodation of

20' the above two apparatus (X-ray CT apparatus and ordi-
nary X-ray radiographic apparatus) in an installation
space suited substantially to a single apparatus.

The above object is fulfilled; according to this

invention, by an X-ray radiograPhic apparatus for
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mtted through the exam nee. The detected X-rays are converted to a

dlgltal signal for
appropriate i mage

I mge reconfigura- tion. The results are subjected to
processi ng such as enl argenment or reduction to be shown

on a nonitor display. The exam nee is transported on a horizontally
novabl e bed to the apparat us. The ordinary X-ray radiographic

appar at us phot o-

graphs an exam nee lying on a bed, by neans of an X-ray

medical use in photographing tomographic images and

X~ray penetration images of an examinee, the apparatus

comprising a bed horizontally movably supporting a top

board for carrying the examinee; a gantry for X-ray

5 tomography including a first X-ray source revolvable

around the examinee, and a first X-ray detector for

detecting transmitted X-rays; a second X-ray source

attached to a moving mechanism movable on a three-di-

mensional coordinate system in an examination room

10 accommodating the bed and the gantry; a high voltage

unit for supplying an X-ray generating high current to

the first X-ray source and the second X-ray source; a

switch for selectiné a destination of output of the

high voltage unit; and a second X-ray detector for

15 detecting transmitted X-rays from the second X-ray

source.

In the X-ray radiographic apparatus for medical

use according to the present invention, the two X-ray

sources share the high voltage unit for supplying a

20 X~-ray generating high current, as well as the bed for

supporting the examinee. Since the second X-ray source

is movable on a three-dimensional coordinate system in

the examination room, the second X-ray detector may be

installed in ény desired position. With the second

25 X-ray detector installed in an appropriate position, an
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-2- tube and X-ray filmarranged vertically across the
different type of X-ray radiographic
film an inage

10 .

15

20

25

exam nee. A

apparatus has, in place of the X-ray

installation space just.about large enough for a single
X-ray CT apparatus enables tomography using the first
X-ray source and first X-ray detector, and X-ray

radiography using the second X-ray source and second

X-ray detector.

Consequently, two apparatus for the two types of

.photo taking need not be installed in separate examina-

tion rooms. The patiént to be diagnosed by the two

types of photo taking has a reduced burden without the
necessity to move from one examination room to the
other. The apparatus according to the present inven-
tion can, in all probability, be installed in a medical
organization lacking in space for separately accommo-
dating the two types of apparatus (since a space for
one apparatus ié sufficient), thereby to enhance |
diagnostig facilities.

THe second X-ray detector may comprise a cassette

containing X-ray film, an image intensifier for con-

'verting transmitted X~-rays to an optical image, or a

digital sensor having semiconductor elements arranged
multidimensionally to detect transmitted X-rays.

The cassette or digital sensor may be vertically
movably mountable in a wall of the gantry, in the bed,
or on a Bucky's stand installed in an appropriate

position in the examination room.
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Jdntensifier for converting X-rays to an optical image, and an X-ray

tel evision canmera for picking up the optical inage outputted fromthe

i mage intensifier and converting the image to an electrical signal (video
signal). The video signal is digitalized, and the result is subjected to
appropriate i mage processing such as enlargenent or reduction to be shown
on a nonitor display. A further type of X-ray radi ographic

Where the second X-ray detector comprises a
cassette or a digital sensor, the moving mechanism of
the second X-ray source preferably includes a ceiling
frame secured to a ceiling of the examination room, a

5 movable frame movable within the ceiling frame, a
support block movable within the movable frame in a
direction perpendicular to a direction of movement of
the movable frame, and a vertically extendible and
contractible ceiling suspender having an upper end

10 thereof secured to the support block. The second X-ray
source is pivotably attached to a lower end of the
ceiling suspender.

Where the second X-ray detector comprises a
relatively heavy'image intensifier, the moving mecha-

15° nism of the second X-ray source preferably includes,
besides the ceiling frame, movable frame and support
block noted above, a C-shaped arﬁ pivotably attached to
the support block. The second X-ray source is'attached
to one end of the C-shaped arm, while the image inten-

20 sifier is attached to the other end of the C-shaped

arm.

BRIEF DESCRIPTION OF THE DRAWINGS

For the purpose of illustrating the invention,

there is shown in the drawiqgs.a_form which is

e——— -
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apparatus has both the function to take photographs on filmand the
function to present pictures on a nonitor display. These apparatus are
collectively called hereinafter the ordinary X-ray radi ographi c appar at us.
While there is a physical difference between the inmages obtained fromthe
X-ray CT apparatus and the ordinary X-ray radi ographic apparatus, not a
few conponents can be shared by the two types of apparatus

presently preferred, it being understood, however, that
the invention is not limited to the precise arrange-
ments and instrumentalities shown.
Fig. 1 is a perspective view showing an outward
5 appearénce of an X-ray radiographic apparatus embodying
this invention;
Fig. 2 is a perspective view showing a cassette
slide mechanism;
Fig. 3 is a plan view of the X-ray radiographic
10 apparatus; _
Fig. 4 is a front view showing a mounting mecha-
nism of an X-ray tube {second X-ray source);
'Fig. 5 is a block diagram schematicélly showing a
system configuration of the X-ray radiographié appara-

15 tus;

Fig. 6 is a side view showing execution of

tomography:

Flg 7 is a side view show1ng a mode of ordinary

X- -ray radlography,

20 Fig. 8 is a side view showing another mode of

ordinary X-ray radiography;

Fig. 9 is a side view showing a different example

of cassette mounting;

Fig. 10 is a perspective view showing an outward

25 appearance of an X-réy radiographic apparatus in a
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Mhich use the sane principle of obtaining informati on about the body

I nterior through X-ray exposure. Such conponents include the bed for
supporting the exam nee, a high voltage unit for supplying a high current
to the X-ray tube to generate X-rays, an inmage processing unit for

enl argi ng and reduci ng i rages shown on the nonitor

further embodiment of this invention; and
Fig. 11 is a block diagram schematically showing a
system configuration of the X-ray radiographic appara-

tus in the further embodiment.

5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A preferred embodiment of this invention will be
described in detail hereinafter with reference to the
drawings.

Fig. 1 is a perspective view showing an outward

10 = appearance of an entire X-ray radiographic_apparatus in
this embodiment.

A gantry 1 of an X-ray CT apparatus and a bed 2
are installed on the floor of an e#amination room. The
gantry 1 has an X-ray tube 3 (first X-ray source) and

15 an X-ray detector {(first X-ray detector) revolvable
therein in an opposed relationship with eech other.
Further, a cassette 5 (second X-ray detector) contain-
ing Xeféy film is vertically movable mounted in a front
wall of the gantry 1.

20 The bed 2 is'vertically movable relative to the
floor, and has a top board 8 mounted thereon to be
horizontally movable toward an examinee receiving

opening 7 of the gantry 1. A hollow space is formed in
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3 display, a console, and so on. The two types of apparatus are used for
approxi mately the sane purpose. Sonetines one patient is diagnosed by
successively using the X-ray CT apparatus and ordinary X-ray radi o-graphic

appar at us.

a rear position of the bed 2 to receive the cassette 5.
The cassette 5 is mounted thereiﬁ as illustrated.

The gantry 1 has a mechanism as shown in Fig. 2,

for example, which is mounted on an lateral position

5 inside the gantry 1 for vertically movably supporting
the cassette 5.

| This mechanism includes a pair of guide rails 9

having a U-shaped section, a case 11 for receiving the
cassette 5 and having rollers 10 which foll along

10 grooves of the guide rails 9, and a positioning screw
12 attached to the case 11.

The guide rails 9 are erected with the grooves
thereof facing outwardly of the gantry 1. Thus, the
cassetté 5 is exposed to X-rays emitted from outside

15 the gantry 1. An X-ray shielding lead sheet or the
like is applied to a side surface of the case 11
opposed to the guide rails 9 (the side surface facing
inﬁaidly of the gantry 1), to avoid unnecessary expo-
sure to the X-ray emitted from the X-ray tube 3 revolv-

20 ing inside the gantry 1.

Reverting to Fig. 1, a ceiling frame 13 is secured
to a ceiling of the examination room. A movable frame
14 is attached to the ceiling frame 13 to be movable
therein, and a support block 15 is attached to the-

25 movable frame 14 to be movable in the support block 15.

e ——
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4 However, the two apparatus are manufactured and sold separately as

iconpletely I ndependent apparatus. In a nedical organization having both
apparatus, a large space nust be secured to accommpdate them at the sane
time or, as an alternative, a separate exam nation room nust be secured to

accommobdat e each apparatus. In the latter case, the patients di agnosed
with the two apparatus nust nove from one exam nation roomto the other.

This i mposes a_gousidgrable e U peukar hh 1,89 aBLS 1307Lekbhd from

advanced di seas
X-ray source) suspended therefrom.

As shown in Fig. 3, the ceiling frame 13 includes
two parallel guide rails 17 extending sideways (in the
5 direction of X in Fig. 3) and interconnected through
stays 18. Both of the guide rails 17 have a U-shaped
section.
The movable frame 14 includes a pair of guide
rails 19 extending fore and aft (in the direction of Y-
10 in Fig. 3) and interconnected through stays 20. Each
stay 20 is opposed to the groove of one of fhe guide
rails 17 forming part of the ceiling frame 13. A
plurality of rollers 21 are rotatably attached to the
opposed surface of the stay 20 for rolling along the
15 groove. |
The right and left stays 20 are connected, respec-
fively, to wires 24 wound around two pairs of right and
left pulleys 22 and 23 provided in fore and aft posi-
tions of the ceiling frame 13. The wires 24 are driven
20 in fore and aft directions by a motor 25 to move the
movable frame 14 in the fore and aft directions rela-
tive to the ceiling frame 13.
The support block 15 is movably supported in the
movable frame 14 through a plurality of rollers 26

25 which roll along the grooves of the pair of guide rails

T__——-_ o _. . . - 10 * -
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5 SUWMMARY OF THE | NVENTI ON It is an object
of the present invention to aneliorate one or nore di sadvantages of the

prior art. According to one aspect of the present invention there is
provi ded an X-ray radi ographi c apparatus for nedical use in photographing

t onogr aphi ¢ i mages and X-ray

19 of the movable frame 14. The support block 15 is
connected to a wire 29 wound around pulleys 27 and 28
disposed at left and right ends of the movable frame
14. The wire 29 is driven right and left by a motor 30
5 to move the support block 15 right and left relative to
'the movable frame 14.
.As shown in Fig. 4, the X-ray tube 16 is support-
ed, to be pivotable through 80 degrees about an axis P,
at a lower position of a ceiling suspender 31 vertical-

10 ly extendible and contractible (in the direction of Z
in the drawing). An X-ray collimator 32 is attached to
an X-ray emitting side of the X-ray tube 16 for adjust-
ing an emission field of an X-ray beam B. Thus, the
X-ray tube 16 is movable in each direction of a three-

15 dimensional coordinate system X-Y-Z with reference to
the examination room, to emit X-rays toward the cas-
sette 5 mounted in the gantry 1 or in the bed 2.

Eig. 5 schematically shows a systeﬁ configuration
of the above X~-ray radiographic appaiatus. '

20 _ The X-ray tube 3 provided in the gantry 1 of the
CT apparatus and the X-ray tube 16 movable on the
three-dimensional coordinate system in the examination
room are connected'through a switching circuit 33 to a
high voltage unit 34. The switching circuit 33 is

25 operable in response to control-signals from a console
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penetration images of an exam nee, said apparatus conprising: a bed

hori zontally novably supporting a top board for carrying the exam nee; a
gantry for X-ray tonography including a first X-ray source revol vable
around the exaninee, and first X- ray detecting means for detecting
transmtted X-rays; a second X-ray source nounted on a noving nechani sm
novabl e on a three-di nensional coordinate systemin an exam nation room

accommodating s b n f suppl yi ng

“an X—ray'genera?#ﬂg ﬁ?g%ggﬁigeﬁt Eiéaaf?$rg€ éﬁééy soﬁr%%eaﬁ% %ald second
X- ray source; selecting a destination of output of said
hi gh vol t age unlfvigég n§g$eas “one second X-ray detecting neans for

detecting trans”‘ttedTﬁ§r§y§a§r8Q%§§£9r 4 opposed to the X-ray tube 3
in the gantry 1 for detecting transmitted X-rays is
5 connected to a data collector 36 for collecting detec-
tion signals therefrom and converting them to digital
signals. The data collector 36 is connected to an
image processor 37.
The image processor 37 reconfigures a slice image
10 from the digital signals transmitted from the data
collector 36, enlarge or reduce the image in response
to instructions from the conscle 35, and shows an image
output on a monitor display 38.
Photographing modes of the above X-ray radiograph-
15 ic apparatus will be described next.
(1) For tomography,-the X-ray tube 16 is retracted
toward the ceiling as shown in Fig. 6, or retracted to
a corner in the examination room. The top board 8
‘carrying an examinee M is moved hofiiéhtally into the
20 gantry 1. A control signal is transmitted from the
console 35 to the switching circuit 33 to switch the
destination of output of the high voltage unit 34 to
the X-ray tube 3 in the gantry 1.
subsequently, as in operation of a conventional

25 X-ray CT apparatus, X-ray exposure is carried out while

T e C12--
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second X-ray source. In the X-ray radi ographi c apparatus for nedica
use according to the present invention, the two X-ray sources share the
hi gh voltage unit for supplying a X-ray generating high current, as well as
the bed for supporting the exam nee. Since the second X-ray source is
novabl e on a three-di nensional coordinate system in the exam nation room
the second X-ray detector may be installed in any desired position. Wth
the second X-ray detgctor installed in an appropriate position, an
i nstal | ati on spac@lying ths®-tay jakedugnd Fravsidefecter #4» &P appar at us
enabl es tonography using the . . .
collect projection data for forming a slice image.
(2-1) For 6rdinary X-ray radiography with the
cassette 5 mounted in the rear position of the bed 2,
5 as shown in Fig. 7, the top board 8 carrying an
examinee M is moved horizontally to set the part of the
body to be photographed to the position of the cassette
' 5. The X-ray tube 16 is moved three-dimensionally to a
position over the part of the body to be photographed.
10 A control signal is transmitted from the console 35 to
the switching circuit 33 to switch the destination of
output of the high voltage unit 34 to the X-ray tube
16. X-rays are emitted from the X-ray tube 16 to
record a penetration image on the X-ray film contained
15 in the cassette 5.
(2-2) For ordinary X-ray photography with the
cassette 5 mounted in the front wall of the gantry 1,
as shown in Fig. 8, an examinee M is asked to stand by
the side wall of the gantry 1. The cassette 5 is slid
20 vertically to a position opposed to the part of the
body to be photographed. Then, the cassette 5 is fixed
to that position by operating the positioning screw 12.
The X-ray tube 16 is moved to a position opposed to the
cassette 5. Further, the X-ray tube 16 is turned 90

25 degrees from the downwardly directed position to set
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first X-ray source and first X-ray detector, and X-ray radi ography using
the second X- ray source and second X-ray detector. Consequently, two
apparatus for the two types of photo taking need not be installed in
separate exam nation roons. The patient to be diagnosed by the two types of
photo taking has a reduced burden w thout the necessity to nove from one
exam nation roomto the other. The apparatus according to the present

invention can, ipeakl roRaRIH NG dT%eqtion to the cassette 5. The
console 35 is operated to cause the switching circuit
33 to connect the high voltage unit 34 to the X-ray
tube 16. X-rays are emitted from the X-ray tube 16 to
5 take a photograph.
The mounting position of the cassette 5 is not
limited to_the above. As shown in Fig. 9, for example,
a Bucky's stand r0 may be installed in an appropriate
position in the examination room for supporting the

10 cassette 5 to be slidable longitudinally of the stand
40. The slide mechanism shown in Fig. 2 may be applied
here also. Further, the cassette 5 may be set between
the top board 8 and a part to be photographed of the
examinee M lying on the top board 8.

15 The cassette 5 containing X-ray film may be
feplaced, for example, with an image intensifier for
converting an X-ray image to an optical image. Gener-
ally, the image intensifier is large énd heavy, and may
be difficult to mount in the gantry 1 or the bed 2 as

20 in the embodiment. Then, as shown in Fig. 10, the
support block 15 may support a C-~shaped arm 51
pivotably connected therete, with the X-ray tube 16

attached to one end thereof and an image intensifier 52

attached to the other end.
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dnstalled in a medical organization lacking in space far separately
accommodating the two types of apparatus (since a space for one apparatus
is sufficient), thereby to enhance diagnostic facilities.
BRI EF DESCRI PTI ON OF THE DRAW NGS For the purpose of illustrating the
I nventi on, therg_is shown in the drawings a formwhich is
| In this case, as shown in Fig. 11, an X-ray
television camera 53 fof picking up the optical image
outputted from the image intensifier 52 and converting
the image to a video signal, and an analog-to-digital
5 converter 54 for converting the video signal to a
digital signal, are provided to share the processing
function of the image processor 37 to enlarge or reduce
images, as well as the X~-ray CT apparatus and ordinary
X-ray ;adiographic apparatus (X-ray radiographic
10 apparatus 50 in this case). The console 35 is also
shared. It is not essential to support the C-shaped
arm 51 ;n suspension from thé ceiling. The C-shaped
arm may be moved freely by a moving mechanism installed
on the floor, or may'be mounted on a support table
15 having casters to be manually movable.
The image intensifier 52 acting as the second
X-ray detector may be replaced with a digital sensor
'having semiconductor detectihg elements arranged
-mulﬁidimensionally to detect X-rays. The digital
20 sensor is not so large-or heavy as the image intensifi-
er, and may.be mounted like the cassette 5.

The X-ray tube 16 may be moved manually by the

operator instead of relying on the illustrated motor

drive.

- 15 = This Sheet Has Been

M w



.
=7- presently preferred, it being understood, however, that the invention
Is not limted to the precise arrange- nents and instrunentalities shown.
Fig. 1 is a perspective view showi ng an outward appearance of an X-ray
radi ographi ¢ apparatus enbodying this invention; Fig. 2is a
perspective view showing a cassette
The present invention may be embodied in other
specific forms without departing from the spirit or
essential attributes thereof and, accordingly, refer-
ence should be made to the appended claims, rather than

5 to the foregoing specification, as indicating the scope

of the invention.

e e
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slide mechani sm Fig. 3is a plan view of the X-ray radi ographic
appar at us; Fig. 4 i1s a front view show ng a nounting necha- nism of

an X-ray tube (second X-ray source); Fig. 5 is a block diagram
schematically showing a system configuration of the X-ray radiographic

pparar fwe . O D A

What is claimed is:

1. An X-ray radiographic apparatus for medical use in
photographing tomographic images and X-ray penetration
images of an.examinee, said apparatus comprising:
a bed horizontally movably supporting a top board
5 for carrying the examinee;
a gantry for X—ray'tomogfaphy including a first
X-ray source revolvable around the examinee, and first
X-ray detecting means for detecting transmitted X-rays;
a second X-ray source mounted on a moving mecha-
10 | nism movable on a three-dimensional coordinate system
in an examination room accommodating said bed and said
gantry;
a high voltage unit for supplying an X-ray gener- - °
ating high current to said first X-ray source and said
L5 second X-ray source;
switch means for selecting a deséination of output
‘of said high voltage unit; and
second X-ray detecting means for detecting trans-

mitted X-rays from said second X~ray source.

2. An X-ray radiographic apparatus as defined in claim

1, wherein said second X-ray detecting means comprises

a cassette containing X-ray fi;m.

- 17— . elaoed
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Fig. 6 is a side view show ng execurion of tonography; Fig. 7is a

side view showi ng a node of or |ography; Fig. 8is a
si de view show ng anot her node MI ﬂm ay radi ography; Fig. 9

is a side view showing a diffe +» cassette nounting;

3. An X-ray radiographic apparatus as defined in claim
2, wherein said cassette is mountable in a case movable
along a pair of guide rails extending vertically on a

wall of said gantry, and fixable to a selected position

on said wall.

4. 2An X-ray radiographic apparatus as defined in claim
3, wherein said case has an X-ray shielding sheet
applied to a side surface thereof facing inwardly of

said gantfy.

5. An X-ray radiographic apparatus as defined in claim

2, wherein said cassette is mountable in said bed.

6. An X-ray radiographic apparatus as defined in claim
2, wherein said cassette is mountable on a Bucky's

stand installed in a selected position in said examina-

tion room.

7. An X-ray radiographic apparatus as defined in claim
2, wherein said moving mechanism of said second X-ray

source includes:

a ceiling frame secured to a ceiling of said

5 examination room;

a movable frame movable within said ceiling frame;

e
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Fig. 10is a perspectlve V|em1shomnHga%+%ﬁﬁ%%ﬁfk—apﬁearance of an X—ray

radi ographi c apparatus in a
AR R R

a support block movable within said movable frame
in a direction perpendicular to a direction of movement-
of said movable frame; and

10 a vertically extendible and contractible ceiling
suspender having an upper end thereof secured to said
support block, said second X-ray source being pivotably

attached to a lower end of said ceiling suspender.

8. An X-ray radiographic apparatus as defined in claim
1, wherein said second X-ray detecting means comprises

an image intensifier for converting transmitted X-rays

to an thical image.

9. An X-ray radiographic apparatus as defined in claim
8, wherein said moving mechanism of said second X-ray

source includes:

a ceiling frame secured to a ceiling of said
5 examination room;
a movable frame movable within said ceiling frame;
.a support blbck movable within said movable frame
in a direction perpendicular to a direction of movement

of said movable frame; and

10 a C-shaped arm pivotably attached to said support

block:;

e
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further enbodiment of this invention; and Fig. 11 is a block diagram
"schematically showing a systemconfiguration of the X-ray radi ographic

appara- tus in the further enbodi ney SCRI PTI ON OF THE
PREFERRED ENMBODI MENTS A preferr NHEMH this invention wll
crelermence

be described in detail hereinafter w. the

said second X-ray source being attached to one end
of said C-shaped arm, and said image intensifier being

attached to the other end of said C-shaped arm.

iO. An X-ray radiographic apparatus as defined in
claim 1, wherein said second X-ray detecting means
comprises a digital sensor having semiconductor ele-

ments arranged multidimensionally to detect X-rays.
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~drawi ngs. Fig. 1 is a perspective view show ng an outward appearance
A

‘of an entire X-ray radiographic apparatus in this enbodi nent.

gantry 1 of an X-ray CT apparatus and a bed 2 are installed on the floor
of an exam nation room The gantry 1 has an X-ray tube 3 (first X-ray
source) and an X-ray detector (first X-ray detector) revolvable

ABSTRACT OF THE DISCLOSURE

An X-ray radiographic apparatus for medical use in
phbtographing tomographic images and X-ray penetration
images of an examinee. This apparatus has a bed

5 horizontally movably supporting a top board for carry-
ing the examinee, a gantry for X~ray tomography includ-
ing a first X-ray source revolvable around the examinee
and a first X-ray detector for detecting transmitted
X-rays; a second X-ray source mounted on a moving

10 mechanism movable on a three-dimensional coordinate
system in an examination room'accommodating the bed and
the gantry, a high voltage unit for supplying an X-ray
generating high current to the first X-ray source and
the second X-ray source, a switch for selecting a

15 destination of output of the high voltage unit, and a
second X—fay detector for detecting transmitted X-rays

from the second X-ray source.
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ttherein in an opposed rel ationship with each other. Further, a cassette 5
(second X-ray detector) contain- ing X-ray filmis vertically novabl e
nounted in a front wall of the gantry 1. The bed 2 is vertically
novabl e relative to the floor,” and has a top board 8 nounted thereon to be
horizontal |l y novabl e toward an exam nee receiving opening 7 of the gantry
1. A hol | ow space is forned in . A)f

FI1G.1
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-9- a rear position of the bed 2 to receive the cassette 5. The
cassette 5 is mounted therein as illustrated.

Ay

FIG.2

11

FIG.5
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The gantry 1 has a nmechanismas shown in Fig. 2, for exanple, which is
nmounted on an |l ateral position inside the gantry 1 for vertically novably
supporting the cassette 5. Thi s mechani smincludes a pair of guide
rails 9 having a U shaped section, a case 11 for receiving the cassette 5
and having rollers 10 which roll al ong gr?oves of the guide rails 9, and a

positioning screw J
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12 attached to the case 11. The guide rails 9 are erected with the
grooves thereof facing outwardly of the gantry 1. Thus, the cassette 5 is
exposed to X-rays emtted fromoutside the gantry 1. An X-ray shiel ding

| ead sheet or the like is applied to a side surface of the case 11
opposed to the guide rails 9 (the side surface facing inwardly of the
gantry 1), to avoid unnecessary expo- %lf
FIG.4
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sure to the X-ray emtted fromthe X-ray tube 3 revolv- ing inside the
gantry 1. Revertlng to Fig. 1, aceiling frame 13 is secured to a
ceiling of the exam nation room A novable frame 14 is attached to the
ceiling frane 13 to be novable therein, and a support bl—eeHS isTattached

to the novable frame 14 to be novable in t%e support bl o etHasBeenReplaced
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- 10 - The support block 15 supports an-X-ray tube 16 (second X-ray
source) suspended therefrom As shown in Fig. 3, the ceiling frane
13 includes
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two parallel guide rails 17 extending sidemays (in the direction of X in

Fig. 3) and-interconnected through stays 18. Both of the guide rails 17

have a U shaped section. The novabl e franme 14 includes a pair of
in Fig. 3)

guide rail Bhi et HacBudh RGLQr € and aft (in the direction of Y
stay 20 is opposed to the groove

L R

of one of th

F1G.10
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rails 17 form ng part of the ceiling frane 13. A plurality of

are rotatably attached to the opposed surface of the stay 20 for rolling

al ong the groove.

tively, to wires 24 wound around two pairs of

rollers 21

The right and | eft stays 20 are connected, respec-

and 23 provided in fore and aft posi-

wires 24 are driven

right and

IeLL_puIIeys 22
tions 7f the ceiling frame 13. The

g
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vin fore and aft directions by a notor 25 to nove the novable frame 14 in

the fore and_aft directions—ete—tTVe to theceiling frame 13. The
_suppor t \bl ocﬁﬁ;ﬁﬁﬁgg ySsupS@G tediin the |novREPEACEMENTISHEETSUQSG
‘pluralitly of ,S\Nhl ch rolé along the qpﬁmmﬁpﬁéniﬂs&geaailrmolﬁagulf e
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' ,ﬂ/ Claim(s) :paged ....... to paged ....... \ﬂ Drawing(s) : paged . Q’to paged 3’/ ¥
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X~RAY RADIOGRAPHIC APPARATUS FOﬁ MEDICAL USE
BACKGROUND OF THE INVENTION
(1) Field of the Invention
' This invention relates to X-ray radiographic
apparatus used in the medical field.
(2) Description of the Related Art

The X-ray radiographic apparatus used in the
medical field may be classified, by the difference in
images, broadly ipto_an X-ray CT apparatué for photo-
graphing slice images of the body, and an ordinary
X-ray radiographic apparatus, or what is known as a

) roeqtogenographic apparatus, for recording X-ray
penetration images (planar images) of the body on X-ray
£ilm.

The X-ray CT apparatus causes an X-ray source to
re&olve arqund an examinee, and detects X-rays trans-
mitted throﬁgh the examinee. The detected X-rays are
converted to a digital signal for imagg reconfigura-
tion. The results are subjected to appropriate image
processing such as enlargement or reduction to be shown
on a monitor display. The examinee is transported on a
horizontally movable bed to the apparatus.

The ordinary X-ray radiogfaphic apparatus photo-

graphs ‘an examinee lying on a bed, by means of an X-ray

This is the replacement shest

S



19 of the novable frame 14. The support block 15 is connected to a wire 29
wound around pul l eys 27 and 28 disposed at left and right ends of the
Jovable frane 14. The wire 29 is driven right and left by a notor 30

-2 -
tube and X-ray film arranged vertically across the
examinee. A different type of X-ray radiographic.
apparatus has, in place_of the X-ray film, an image
intensifier for converting X-rays to an optical image,
-and an X-ray television camera for picking up the
optical image outputted from the image intensifier and
converting the image to an electrical signal (wvideo
signal). The video signal is digitalized, and the

- result is subjected to appropriate image processing
such as enlargement or reduction to be shown on a
monitor display. A further type of X-ray radiographic
apparatus has both the function to take photographs on
film and the function to present pictures on a monitor
display. These apparatus are collectively called
hereinafter the ordinarf X-ray radiographic apparatus.

While there is a physical difference between the
images obtained from the X-ray CT apparatus and the
ordinary X-ray radiographic apparatus, not a few
components can be shared by the two types of apparatus
which use the same principle of obtaining information
about the body interior through X-ray exposure. Such
components include the béd for supporting the examinee,
a high voltage unit for supplying a high current to the
X-ray tubé to generate X-rays, an image processing unit

for enlarging and reducing images shown on the monitor

he rep\acement Sim

28 AUG 19%

This is ¢

Daie®



to nmove the support block 15 right and left relative to the.nmpvable franme

14. As shown in Fig. 4, the X-ray tube 16 is support- ed, to be
pi vot abl e through 90 degrees about an axis P, at a |ower position of a
ceiling suspender 31 vertical- |y extendible and contractible (in the

direction of Z in the drawng). An X-ray collimator 32 is attached to an
X-ray emtting side of the X-ray tube 16 for adjust- '

-3 -
display, a console, and so on. The two types of
apparatus are used for approximately the same purpose.
Sometimes one patient is diagnosed by successively
using the X-ray CT apparatus and ordinary X-ray radio-
Igraphic apparatus.

However, the two apparatus are manufactured and
sold separately as completely independent apparatus.
In a medical organizatioh haviﬁg both apparatus, a
large space must be secured to accommodate them at the
same time or, as aﬁ alternative, a separate examinafion
room must be secured to accommodate each apparatus. In
the latter case, the patients diagnosed with the two
apparatus musﬁ move from one examination room to the
other. This imposes a considerable burden particularly

on patients suffering from advanced diseases.

SUMMARY OF THE INVENTION

'L— Having regard to the state of the art noted above,
the object of this invention is to provide an X-ray
radiographic apparatus which realizes accommodation of
the above two apparatus (X-ray CT apparatus and ordi-
nary X-ray radiographic apparatus) in an instdllation
‘space suited substantially té a single apparatus.

The above object ié fulfilled, accqrding to this

invention, by an X-ray radiographic appératus for
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*ing an enmssion field of an X-ray beam B. Thus, the X-ray tube 16 is
novabl e in each direction of a three- dinensional coordinate system X-Y-Z
with reference to the exam nation room to enmt X-rays toward the cas-
"sette 5 nounted in the gantry 1 or in the bed 2. ' Fig. 5 schematically
shows a system configuration of the above X-ray radi ographic apparatus

The X-ray tube 3 provided in the gantry 1 of the

-4 -
medical use in photographing tomographic images and
X-ray penetratlon images of an examinee, the apparatus
comprising a bed horizontally movably supportlng a top
board for carrying the examinee; a gantry for X-ray
tomography including a first X-ray source revolvable
around the examinee, and a first X—ray detector for
detecting transmitted X-rays; a second X-ray source
attached ﬁo a moving mechanism movable on a three-di-
mensional coordinate system in an examination room
accommodating the bed and the gantry; a high voltage
unit for supplying an X-ray generating high current to
the first X-ray source and the second X-ray source; a
switch for selectiné a destination of output of the.
high voltage unit; and a second X-ray detector for
detecting transmitted X-rays from the second X-ray
source.

In the X-ray radiographic apparatus for medical
use according to the present invention, the twé-X—ray
sources share the high voltage unit for supplying a
X-ray generatiﬂg high current, as well as the bed for
supporting the examinee. Since the second X-ray source
is movable on a three-dimensional coordinate system in
the examination room, the second X-ray detector may be
installed in any desired position. With the second

X-ray detector installed in an appropriate position, an

is Sheet Has Been Re laced
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CT apparatus and the X-ray tube 16 novable on the three-di nmensional
coordi nate systemin the exam nation room are connected through a
switching circuit 33 to a high voltage unit 34. The switching circuit 33
is operable in response to control signals froma console

.— .
installatibn space just ébout large enough for a single
X-ray CT apparatus enables tomography using the first
X-ray séurce and first X-ray detector, and X-ray
radiography using the second X-ray source and second
X-ray detector.

Consequently, two apparatus for the two types of
.photo taking need not be installed in separate examina-
tion rooms. The patient to be diagnosed by the two
types of photo taking has a reduced burden wifhout the
necessifynto move from one examination room to the
other. The apparatus according to the present inven-
tion can, in all probability, be installed in a medical
organization lacking in space for separately accommo-
dating the two types of apparatus (since a space for
one apparatus ié sufficient), thereby to enhance
diagnostic facilities. |

The second X-ray detector may comprise a cassette
cont;ining X-ray f£ilm, an image intensifier for con-
verting transmitted X-rays to an optical image, or a
digital sensor having semiconductor elements arranged
multidimensionally to detect transmitted X-rays.

The cassette or digital sensor may be vertically
movably -mountable in a wali of the gantry, in the bed,
or on a Bucky's stand installed in an appropriate

position in the examination room.
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- 12 - 35, to select a destination of output of the high voltage unit 34.

The X-ray detector 4 opposed to the X-ray tube 3 in the gantry 1 for

detecting transmtted X-rays is connected to a data collector 36 for

collecting detec- tion signals therefromand converting themto digital
-6 -

Where the second X-ray detector comprises a
cassette or a digital sensor, the moving mechanism of
the seéond X-ray source preferably, includes a ceiling
frame secured to a ceiling of the examination room, a
movable frame movable within the ceiling frame, a
support block movable within the movable frame in a
direction perpendicular to a direction of movement of
the movable frame, and a vertically extendible and
contracfible ceiling suspender having an upper end
thereof secured to the support b;ock. The second X-ray
source is pivotably attached to a lower end of the
ceiling suspender.

Where the second X-ray detector comprises a
relatively heavf image intensifier, the moving mecha-
nism of the second X-ray source preferably includes,
besides the ceiling frame, movable frame and support
block noted above, a C-shaped arm pivotably attached to
the support block. .The second X-ray source is attached
to one end of the C-shaped arm, while the image inten-

sifier is attached to the other end of the C-shaped

arm.

BRIEF DESCRIPTION OF THE DRAWINGS
For the purpose of illustrating the invention,

there is shown in the drawings a form which is

This Sheet Has Been Re

- AR

lil, This is the replacement shest

Date: 2 8 AUG 19%




éignals. The data collector 36 is connected to an inage processor 37.
The i mage processor 37 reconfigures a slice imge

fromthe digital

signal s

transmtted fromthe data collector 36, enlarge or reduce the image in

response

on a nonitor display 38.

to instructions fromthe console 35, and shows an i nmage

out put

Phot ogr aphi ng nodes of the above X-ray

r adi ogr aph-

-7 -

presently preferred, it being understood, however, that
the invention is not limited to the precise arrange-
ments and instrumentalities shown.

Fig. 1 is a pefspective view showing an outward
appearénce of an X-ray radiographic apparatus embodying
this inventian;

Fig. 2 is a .perspective view showing a cassette
slide mechanism; |

Fig. 3 is a plan view of the X-ray radiographic
apparatus;

Fig. 4 is a front view showing a mounting mecha-
nism of an X-ray tube (second X-ray source);

_Fig. 5 is a block diagram schematicglly showing a-
system configuration of the X-ray radiographié appara-
tus;

Fig. 6 is a side view showing execution of
tomography;

Fig. 7 is a side view showing a mode of ordinary
X-ray radiography;

-

Fig. 8 is a side view shbwing another mode of
ordinary X-ray radiography:;
Fig. 9 is a side view showing a different example

of-casse;te mounting;

Fig. 10 is a perspective view showing an outward

appearance of an X-ray radiographic apparatus in a

This is the replacement :
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ic apparatus will be described next. (1) For tonography, the X-ray
tube 16 is retracted toward the ceiling as shown in Fig. 6, or retracted
to a corner in the exam nation room The top board 8 carrying an exam nee
Mis noved horizontally into the gantry 1. A control signal is transmtted
fromthe console 35 to the swtching circuit 33 to switch the destination

of output of the high voltage unit 34 to
-8 -
further embodiment of fhis invention; and
Fig. 11 is a block diagram schematically showing a

system configuration of the X-ray radiographic appara-

tus in the further embodiment.

DETAIﬁED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A preferred embodiment of this invention will be
described in detail hereinafter with reference to the
drawings.

Fig. 1 is a perspective view showing an outward
appearance of an entire X-ray radiographic apparatus in
this embodiment.

A gantry l.of an X-ray CT apparatus and a bed 2
are installed on the floor of an eﬁamination room. The
gantry 1 has an X-ray tube 3 (first X-ray source) and

. an X-ray detector (first X-ray detector) revolvable
therein in an opposed relationship with each other.
Further, a cassette 5 (second X-ray detector) contain-
ing X~ray film is vertically movable mounted in a front
wall of the gantry 1.

The bed 2 is vertically movable relative to the
floor, and has a top board 8 mounted thereon to be
horizontally movable toward an examinee receiving

opening 7 of the gantry 1. A hollow space is formed in

“This is the replacement shest
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t he X-ray tube 3 in the gantry 1. Subsequently, as in operation of a
conventional X-ray CT apparatus, X-ray exposure is carried out while

-9 -
a rear positionlof the bed 2 to receive the cassette 5.
The cassette 5 is mounted therein as illustrated.

The gantry 1 has a mechanism as shown in Fig. 2,
for example, which is mounted on an lateral position
inside the gantry 1 for vertically movably supporting
the cassette 5.

This mechanism includes a pair of guide rails 9
having a U-shaped section, a case 11 for receiving the
cassette 5 and having rollers 10 which foll along
grooves of the guide rails 9, and a positioning screw
12 attached to the case 11.

The guide rails 9 are erected with the grooves
thereof facing outwardly of the gantry 1. Thus, the
cassette 5 is exposed to X-rays emitted from outside
the gantry 1. An X-ray shielding lead sheet or the
like is applied to a side surface of the case 11
opposed to the guide rails 9 (the side surface facing
iﬁwardly of the gantry 1), to avoid unnecessary expo-
sure to the X-ray emitted from the X-ray tube 3 revolv-
ing inside the gantry 1. |

Reverting to Fig. 1, a ceiling frame 13 is secured
to a ceiling of the examination room. A movable frame
14 is attached to the ceiling frame 13 to be movable
therein, and a support block 15 is attached to the

movable frame 14 to be movable in the support block 15.
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- 13 - revolving the X-ray tube 3 and X-ray detector 4, to collect
projection data for formng a slice inmage. _ (2-1) For ordinary X-ray
radi ography with the cassette 5 nounted in the rear position of the bed 2,
as shown in Fig. 7, the top board 8 carrying an examnee Mis noved '
horizontally to set the part of the body to be photographed to the
position of the cassette ' ’

_ - 10 -

The support block 15 supports an X-ray tube 16 (second
X-ray source) suspended therefrom. | |

As shown in Fig. 3, the ceiling frame 13 includés
two parallel guide rails 17 extending sideways {in the
direction of X in Fig. 3) and interconnected through
stays 18. Both of the guide rails 17 have a U-shaped
section.

The movable frame 14 includes a pair of guide
rails 19 extending fore and aft (in the direction of ¥
in Fig. 3) and interconnected through stays 20. Each
stay 20 is opposed to the groove of one of fhe guide
raiis 17 forming part of the ceiling frame 13. A
plurality of rollers 21 are rotatably attached to the
opposed surface éf the stay 20 for rolling along the
groove.

The right and left stays 20 are connected, respec-
tivély, to wires 24 wound around two pairs of right and
left pulleys 22 and 23 provided in fore and aft posi-
tions of the ceiling frame 13. The wires 24 are driven
in fore and aft directions by a motor 25 to move the
movable frame 14 in the fore and aft directions rela-
tive to the qeiling frame 13.

The -support block 15 is movably supported in the
movable frame 14 through a plurality of rollers 26

which roll along the grooves of the pair of guide rails

This is the replacement sheet
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5. The X-ray tube 16 is noved three-dinensionally to a position over the
part of the body to be photographed. A control signal is transmtted from
the console 35 to the switching circuit 33 to switch the destination of
out put of the high voltage unit 34 to the X-ray tube 16. X-rays are
emtted fromthe X-ray tube 16 to record a penetration image on the X-ray
filmcontained in the cassette 5. ’

~ 11 -

19 of the movable frame 14. The support blqck 15 is
connected to a wire 29 wound around pulleys 27 and 28
disposed at left and right ends of the movable frame
14. The wire 29 is driven right and left by a motor 30
to move the support block 15 right and left relative to
the movable frame 14.

As shown in Fig. 4, the X-ray tube 16 is suppor£—
ed, to be pivotable through 90 degrees about an axis P,

" at a lower position of a.ceiling suspender 31 vertical-

ly extendible and contractible (in the direction of Z
in the drawing). An X-ray collimator 32 is attached to
an X-ray emitting side of the X~-ray tube 16 for adjust-~
ing an emission fieid of an X-ray beam B. Thus, the
X-ray tube 16 is movable in each direction of a three-
dimensional coordinate system X-Y-Z with reference to
the examination room, to emit X-rays toward the cas-
sette 5 mounted in the gantry 1 or in the bed 2.

Fig. 5 schematically shows a system configuration
of the above X-ray radiographic apparatus.

The X-ray tube 3 provided in the gantry 1 of the
CT apparatus and the X-ray tube 16 movable on the
three-dimensional coordinate system in the examination
room are connected through a-switching circuit 33 to a
high voltage unit 34. fhe switching circuit 33 is

operable in response to control signals from a console

This is e replac_ement shest
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(2-2) For ordinary X-ray photography with the cassette 5 nmounted in the
front wall of the gantry 1, as shown in Fig. 8, an exam nee Mis asked to
stand by the side wall of the gantry 1. The cassette 5 is-slid vertically
to a position opposed to the part of the body to be photographed.. Then,
the cassette 5 is fixed to that position by operating the positioning
screw 12. The X-ray tube 16 is noved to a position opposed to the

- 12 ~

35, to select a destination of output of the high
voltage unit 34.

The X-ray detector 4 opposed to the X-ray tube 3
in the gantry 1 for detecting transmitted X-rays is
connected to a data collector 36 for collecting detec-
tion signals therefrom and converting them to digital
signals. The data collector 36 is connectéd to an
image processor 37.

The image processor 37 reconfigures a slice image
from the digital signals transmitted from the data
collector 36, enlarge or reduce the image in response
to instructions from the console 35; and shows an image
output on a monitor display 38.

Photographing modes of the above X-ray radiograph-’
ic apparatus will be described next.

(1) For tomography, the X-ray tube 16 is retracted
toward the ceiling as shown in Fig. 6, or retracted to
a corner in the examination room. The top board 8
carrying an examinee M is moved horizontally into the
gantry 1. A control signal is transmitted from the
console 35 to the switching circuit 33 to switch the
destination_of output of the high voltage unit 34 to
the X-ray tube 3 in the gantry 1.

Subsequently, as in operation of a conventional

X-ray CT apparatus, X-ray exposure is carried out while

This is the replacement shest
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‘cassette 5. Further, the X-ray tube 16 is turned 90 degrees fromthe
downwardly directed position to set . -
14- : '

- 13 -~

revolving the X-ray tube 3 and X-ray detector 4, to
collect projection data for forming a slice image.

(2 1) For ordlnary X-ray radiography with the
cassette 5 mounted in the rear position of the bed 2,
aé shown in Fig. 7, the top board 8 carrying an
examinee M is mpved horizontally to set the part of the
body to be photographed to the position of the cassette
5. The X-ray tube 16 is moved three-dimensionally to a
position over the part of the body to be photographed.
A control signal is transmitted from the console 35 to
the switching circuit 33 to switch the destination of
output of the high voltage unit 34 to the X-ray tubg
16. X—réys are emitted from the X-ray tube 16 to
record a penetratibn image on the X-ray film contained
in the cassette 5.

{2~-2) For ordinafy X-ray photography with the
cassette 5 mounted in the front wall of the gantry 1,
as shown in Fig. 8, an examinee M is asked to stand by
the side wail of the gantry 1. The cassette 5 is slid
vertically to é position opposed to the part of the
body to be photographed. Then, the cassette 5 is fixed
to that position by operating the positioning screw 12.
The X-ray tube 16 is moved to é position opposed to the
cassette 5. Further, the X-ray tube 16 is turned 90

degrees from the downwardly directed position to set

This is the replacement shest
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the. X-ray emtting direction to the cassette 5. The console 35 is operated
to cause the switching circuit 33 to connect the high voltage unit 34 to
the X-ray tube 16. X-rays are emtted fromthe X-ray tube 16 to take a
phot ogr aph. The mounting position of the cassette 5is not I|imted
to the above. As shown in Fig. 9, for exanple, a Bucky's stand rO may be
installed in an appropriate ' '

- 14~

the X-ray emitting direction to the cassette 5. The
console 35 is operated to cause the switching circuit
33 to connect the high voltage unit 34 to the X~ray
tube 16. X-rays are emitted from the X-ray tube 16 to
take a photograph.

The mounting position of the cassette 5 is not
limited t6 the above. As shown in Fig. 9, for example,
a Bucky's stand r0 may be installed in an appropriate
position in the examination room for supporting the
cassette 5 to be slidable longitudinally of the stand
40. The slide mechanism shown in Fig. 2 may be applied
here also. Further, the'cassette_s may be set between
the top board 8 and a part to be photographed of the
examinee M lying on the top board 8.

The cassette 5 containing X~ray film may be
replaced, for example, with an image intensifier for
converting an X-ray image to an optical image. Gener-

- ally, the image intensifief is larée and heavy, and may
be difficult to mount in the gantry 1 or the bed 2 as
in the embodiment. Then, as shown in Fig. 10, the
support block 15 may support a C-shaped arm 51
pivotably connected thereto, with the X-ray tube 16
attached:to one end the:eof and an image intensifier 52

attached to the other end.

This is tne_replacemgnt skt
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position in the exam nation roomfor supporting the cassette 5 to be
slidable longitudinally of the stand 40. The slide nechani sm shown in Fig.
2 may be applied here also. Further, the cassette 5 may be set between
the top board 8 and a part to be phot ographed of the exam nee MIying on
the top board 8. The cassette 5 containing X-ray filmmy be

repl aced, for exanple, wth an inmage in&gnsifier for ’

In this case, as shown in Fig. 11, an X-ray
television camera 53 for picking up the optical image
outputted from the image intensifier 52 and converting
the image to a video signal, and an analog-to-digital
converter 54 for converting the video signal to a
digital signal, are provided to share the processing
function of the image processor 37.to enlarge or reduce
images, as well as the X-ray CT apéaratus and ordinary

- X~ray radiographic apparatus (X-ray radiographic
apparatus 50 in this case). The console 35 is also
shared. It is not essential to support the C-shaped
arm 51 in suspension from the ceiling. The C-shaped
arm may be moved.freely by a moving mechanism installed
on the floor, or may be mounted on a éupport table
having casters to be manually movable.

The image intensifier 52 acting as the second
X-ray detector may be replaced with a digital sensor
having semiconductor detecting elements arranged
multidimensionally to detect X-rays. The digital
sensor is not so large or heavy as the image intensifi-
er, and may be mounted like the cassette 5.

The X-ray tube 16 may be moved manually by the

operator instead of relying on the illustrated motor

drive.
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converting an X-ray inmage to an optical imge. Gener- ally, the inmage
intensifier is large and heavy, and may be difficult to nount in the
gantry 1 or the bed 2 as in the enbodinent. Then, as shown in Fig. 10, the
support bl ock 15 may support a C-shaped arm 51 pivotably connected
thereto, with the X-ray tube 16 attached to one end thereof and an inage

intensifier 52 attached to the other eﬁ%

The present invention may be embodied in other
specific forms without departing from the spirit or
essential attributes thereof and, accordingly, refer-
ence should be made to the appended claims, rather than
-to the foregoing specification, as'indicating the scope

of the invention.
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-15- In this case, as shown in Fig. 11, an X-ray television canera
53 for picking up the optical inage

ST

What is claimed is:

1. An X-ray radiographic apparatus for medical use in
photographing tomographic images and X-ray penetration
images of an.examinee, said apparatus comprising:

a bed horizontally movably supporting a top board
for carrying the examinee;

a gantry for X-ray tomography including a first

) X-ray source revolvable around the examinee, and first

X-ray detecting means for detecting transmitted X-rays;

a second X-ray source mounted on a moving mecha-
nism movable on a three-dimensional coordinate system
in an examination room accommodating said bed and said
gantry;

a high voltage unit for supplying an X-ray gener-
ating high current to said first X-ray source and said
second X-ray source;

switch means for selecting a destination of output
of said high vdltage unit; and
second X-ray detecting means for detecting trans-

mitted X-rays from said second X-ray source.

2. An X-ray radiographic apparatus as defined in claim
1, wherein said second X-ray detecting means comprises

a cassette containing X-ray film.

-
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outputted fromthe image intensifier 52 and converting the imge to a
vi deo signal, and an anal og-to-digital conveFTEF*BK‘fUr—eﬁﬂ¥eLLLng t he

video signal to a digital signal, are provide e proceSS|ng
function of the inmage processor 37 to enlarge’ 'ﬂ ! as well as
the X-ray CT apparatus and ordinary X-ray radlograp s.(X-ray
radi ographic apparatus 50 in this case)ll8 4he console 35 is also '

3. An X-ray radiographic apparatus as defined in claim

2, wherein said cassette is mountable in a case movable

along a pair of guide rails extending vertically on a

wall of said gantry, and fixable to a selected position

on said wall.

4. An X-ray radiographic apparatus as defined in clalm
3, whereln said case has an X-ray shielding sheet

applied to a side surface thereof facing inwardly of

said gantry.

S. An X-ray radiographic apparatus as defined in claim

2, wherein said cassette is mountable in said bed.

6. An X-ray radiographic apparatus as defined in claim
2, wherein said cassette is mountable on a Bucky's

stand installed in a selected position in said examina-

tion room.

7. An X-ray radiographic apparatus as defined in claim

2, wherein said moving mechanism of said second X-ray

source includes:
a ceiling frame secured to a ceiling of said
examination room;

a movable frame movable within said ceiling frame;

—
heet Has Been Reiaced

\\ll\l\\\lll\\\\\l\l\\ I i v pner

Datet 28 AUG 1995



shared. It is not essential to support the C-shaped arm 51 in suspension
fromthe ceiling. The Cshaped arm may be noved freely by a noving

mechanisminstalled on the floor, or may be nDuﬂ%ed;Qn—a_suppoLL_LabIe

havi ng casters to be manual ly movabl e 1 ﬁe i ntensifier

acting as the second X-ray detector may be repl wmlrllmlmmlnfl sensor

havi ng sem conduct or detecting el enents arranged
- 19 -

a support block movable within said movable frame
in a:direction berpendicular to a direction éf movement -
of said movable frame; and |

a vertically extendible and contractible ceiling
suspender having an upper end thereof secured to said
support block, said second X-ray source being pivotably

attached to a lower end of said ceiling suspender.

8. An X-ray radiographic apparatus as defined in claim
1, wherein said second X-ray detecting means comprises

an image intensifier for converting transmitted X-rays

to an optical image.

9. An X-ray radiographic apparatus as defined in claim
8, wherein said moving mechanism of said second X-ray
source includes:
a ceiling frame secured to a ceiling of said
examination room;
a movable frame movable within said ceiling frame;
a support block movable within Said movable frame
in a direction perpendicular to a directioﬁ of movement
of said movable framé; and
a C—éhaped arm pivotablf attached to said support
block; | . |
_\
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mul tidinmensionally to detect X-rays. The digital sensor is not so large or
heavy as the image intensifi- er, and nay be-nnunLed_LLKQ_LDE_%§§sette 5.
«The X-ray tube 16 nay be noved nanually by the erator instead of relying

AT R S mimunmmuummm

- 20 -

said second X-ray source being attached to one end
of said C-shaped arm, and said image intensifier beiﬁg

attached to the other end of said C-shaped arm.

10. An X-ray radiographic apparatus as defined in
claim 1, wherein said second X-ray detecting means
comprises a digital sensor having semiconductor ele-

ments arranged multidimensionally to detect X-rays.

eet Has Been RTlaced

HII\I\\ Mtk

II‘ ' This is the rep!acement sheet

'e‘n'-.

+ Dates; 2 8 AUG 1996

= "J.



s
»

- 16 - The present invention nmay be enbodied in other specific forns
W t hout departing fromthe spirit or esséntial attributes thereof and,
accordingly, refer- ence should be nmade to the appended clai ns, rather
than to the foregoing specification, as-indicating the scope
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1. An X-ray radi ographic apparatus for mnedical use in photographing
tonographic. imges and X-ray penetration i nages of an exam nee, said
sapparatus conpri sing: a bed horizontally novably supporting a top
board for carrying the exam nee; a gantry for X-ray tonography
including a first X-ray source revol vabl e around the exam nes, and first
X-ray detecting neans for detecting transmtted X-rays; a second
X-ray source nounted on a novi ng mechani sm novabl e on a three- -di nensi onal
coordi nate systemin an exam nation r o8 acconmodat i ng said bed and said
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gantry, a high voltage unit for supplying an X-ray generating high
current to said first X- ray source and said second X-ray source;
switch nmeans for 'selecting a destination of output of said high voltage

unit; and at | east one second X-ray detecting neans for detecting
transmtted X-rays fromsaid second X-ray source.
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2. An X-ray radiographic apparatus as defined in claim11, wherein said

second X-ray detecting neans conprises a cassette containing X-ray film

3.
cassette is

An X-ray radiographic apparatus as defined in claim2, wherein said
nmountabl e in a case novable along a pair of guide rails

said gantry, and fixable to a selected

extending vertically on a wall of
position on said wall. : 5/8
FIG.6
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4. An X-ray radi ographic apparatus as defined in claim3, wherein said case
has an X- ray shielding sheet applied to a side surface thereof facing
inwardly of said gantry. 5. An X-ray radiographic apparatus as defined
in claim2, wherein said cassette is nountable in said bed.

6/8
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6. An X-ray radiographic apparatus as defined in claim2, wherein said
cassette is nountable on a Bucky's stand installed in a selected position

in said exam nation room 7. An X-ray radiographi c apparatus as
defined in claim?2, wherein said noving nmechani smof said second X-ray
source incl udes: a ceiling frame secured to a ceiling of said
exan nation room a novable franme novable within said ceiling frane;
7/8
m e i
—

FIG.10
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.a support bl ock novable within said novable frane in a direction
perpendi.cul ar to a direction of novenent of said novable frame; and

sa vertically extendible and contractible ceiling suspender having an upper
end thereof secured to said support block, said second X-ray source being
pi votably attached to a | ower end of said ceiling suspender.
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8. An X-ray radiographic aparatus as defined in claim1l, wherein said
second X-ray detecting neans conprises' an inmage intensifier for converting
transmtted X-rays to an optical inmage. 9. An X-ray radiographic
apparatus as defined in claim8, wherein said noving nechanismof said
second X-ray source includes:

-21 -

X-RAY RADIOGRAPHIC APPARATUS FOR MEDICAL USE

ABSTRACT

An X-ray radiographic apparatus for medical use in photographing
tomographic images and X-ray penetration images of an examinee. This apparatus
has a bed (2) horizontally movably supporting a top board for carrying the
examinee, a gantry for X-ray tomography including a first X-ray source (3)
revolvable around the examinee and a first X-ray detector for detecting transmitted
X-rays, a second X-ray source mounted on a moving mechanism movable on a
three-dimensional coordinate system in an examination room accommodating the
bed (2) and the gantry (1), a high voltage unit for supplying an X—ray generating
high current to the first X-ray source (3) and the second X-ray source, a switch for
selecting a destination of output of the high voltage unit, and a second X—ray

detector (5) for detecting transmitted X-rays from the second X-ray source.

FIG. 1

* This is the replacement sheet
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a ceiling frame secured to a ceiling of said exam nation room a
novabl e frame novable within said ceiling frane; a support bl ock
movabl e’wi thin said novable frame in a direction perpendicular to a
direction of novement of said novable ffane; and a C-shaped arm

pi votably attached to said support bl ock; said second X-ray source
bei ng atta&igﬁ tOodRbst fons ap -Bﬂapgﬁﬁmﬂm:sé@'f& ppfes Rndtely esi f i er
bei ng attac e%l'to thee’gétbﬁesrgogn?ﬂgf&g%pc-s aped arm : y _

same purpose. Sometimes one patient is diagnosed by successively using the X-ray CT

apparatus and ordinary X-ray radio-graphic apparatus.
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10. An X-ray radi ographic apparatus as defined in claim1l, wherein said
second X-ray detecting neans conprises a digital sensor having
senmi conductor el ements-arranged multidj mensionally to detect X-rays.

However, the nﬁo apparatus are manufactured and sold separately as completely
independent apparatus. In a medical organization having both apparatus, a large space
must be secured to accommodate them at the same time or, as an alternative, a separate
examination room must be secured to accommodate each apparatus. In the latter case,
the patients diagnosed with the two apparatus must move from one examination room to
the other. This imposes & considersble burden particularly on patients suffering from
advanced diseases.
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SUMMARY OF THE INVENTION
. It is an object of the present invention to.amcliorate one or more disadvantages of
the prior art.

According to one aspect of the preseat invention there is provided an X-ray
radiographic apparatus for medical use in photographing tomogtaphic images and X-ray
penetration images of an examinee, gaid apparatus comprising: a bed horizontally
movably supporting a top board for carrying the examinee; a gantry for X-ray
tomography including a first X-ray source revoivable around the examiuee, and first X-
ray detecting means for detecting transmitted X-rays; a second X-ray source mounted on
a moving mechanism movable on a three-dimensional coordinate system in an
examination room accommodating said bed and said gantry; a high voltage unit for
supplying an X-ray generating hlgh current to said first X-ray source and said second X-
ray source; switch means for sélecting a destination of output of said high voltage unit;
and at least one second X-ray detecting means for detecting transmitted X-rays from said
second X-ray source. B _

In the X-ray radiographic apparatus for medical use according to the present
invention, the two X-ray sources share the high voltage unit for supplying' a X-ray
generating high current, as well as the bed for supporting the examinee. Since the
second X-ray source is movable on a three-dimensional coordinate system in the
examination room, the second X-ray detector may be installed in any desired position.
With the second X-ray detector installed in an appropriate position, an installation space
Just about large enough for a single X-ray CT apparatus enables tomography using the
first X-ray source and first X-ray detector, and X-ray radiography using the second X-
ray source and second X-ray detector. h

Consequently, two apparatus for the two types of photo taking need not be installed
in ‘separate examination rooms. The patient to be diagnosed by_the two types of photo
taking has a reduced burden without the necessity to move from one examination room

to the other. The apparatus according to the present invention can, in all probability, be
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installed in a medical organization lacking in space for separately accommodating the
two types of apparatus (since a space for one apparatus is sufficient), thereby to enhance
diagnostic facilities. _
BRIEF DESCRIPTION OF THE DRAWINGS
For the purpose of illustrating the invention, there is shown in the drawings a form

which is
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1. An X-ray radiographic apparatus for medical use in photographing tomographic.
images and X-ray penetration images of an examinee, said apparatus compriging:

a bed horizontally movably supporting a top board for carrying the examinee;

.
a gantry for X-ray tomography including a first X-ray source tevolvable around the
examinee, and first X-ray detecting means for detecting transmitted X-rays;

'a second X-ray source mounted on 2 moving mechanism movable on a three-
dimensional coordinate system in an examination room accommaodating said bed and said
gantry,

a high voltage unit for supplying an X-ray generating high current to said first X-

ray source and said second X-ray source;
switch means for selecting a destination of output of said high voltage unit; and
at Jeast one second X-ray detecting means for detecting transmitted X-rays from

said second X-ray source.

2.  An X-ray radiographic apparatus as defined in claim 1, wherein said second X-ray

detecting means comf:rises a cassette contmmng X-ray film.
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3.  An X-ray radiographic apparatus as defined in claim 2, wherein said cassette is
mountable in a case movable along a pair of guide rails extending vertically on a wall of

said gantry, and fixable to a selected position on said wall,

[}
4. An X-ray radiographic apparatus as defined in claim 3, wherein said case has an X-
ray shielding sheet applied to a side surface thereof facing inwardly of said gantry.

5. An X-ray radiographic apparatus as defined in claim 2, wherein said cassette is
mountable in said bed.

6. An X-ray radiographic apparatus as defined iniclaim 2, wherein said cassette is

mountable on a Bucky’s stand installed in a selected position in said examination room.
7. An X-ray radiographic apparatus as defined in claim 2, wherein said moving
mechanism of said second X-ray source includes:

a ceiling fréme secured to a ceiling of said examination room;

a movable frame movable within said ceiling frame;

a support block movable within said movable frame in a direction perpendicular to

a direction of movement of said movable frame; and

This is the replacement sheet
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a vertically extendible and confractible ceiling suspender having an upper end
thereof secured to said support block, said second X-ray source being pivotably attached
to a lower end of said ceiling suspender.

8. An X-ray radiographic apparatus as defined in claim 1, wherein said second X-ray
detecting means comprises an image intensifier for converting transmitted X-rays to an
aptical image.

[

9. An X-ray radiographic apparatus as defined in claim 8, wherein said moving
mzci:anism of said second X-ray squrce includes: '

[
a ceiling frame secured to a ceiling of said examination room;
a movable frame movable within said ceiling frame;

a support block movable within said movable frame in a direction perpendicular to

a direction of movement of said movable frame; and

a C-shaped arm pivotably attached to said support block;

said second X-ray source being attached to one and of said C-shaped arm, and said
image intensifier being attached to the other end of said C-shaped arm.
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10. An X-ray radiographic apparatus as defined in claim 1, wherein said second X-ray
detecting means comprises a digital sensor having semiconductor elements- arranged

multidimensionally to detect X-rays.

B _
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