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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 into 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 

15 

. roentogenographic apparatus, for recording X-ray 

penetration images (planar images) of the body on X-ray 

film. 

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 si~nal 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 exarninee lying on a bed, by means of an X-ray 
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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, 

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 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 cailed 

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 

·components can be shared by the two types of apparatus 

20 which use the same principle of obtaining information 

about the body interior through X-ray exposure. Such 

components include the bed 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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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-

s graphic apparatus. 

10 

However, the two apparatus are manufactured and 

sold separate.ly 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 a considerable 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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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 ~-ray source revolvable 

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

detecting tr·ansmitted 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 selecting 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 ~c~ording 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 exarninee. 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 

25 X-ray detector installed in an appropriate position, an 
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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 

5 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 without the 

10 . 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 accorruno­

dating the two type? of apparatus (since a space for 

· 15 one apparatus is sufficient), thereby to enhance 

diagnostic 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 

20 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 

25 position in the examination room. 
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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 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-

20 sif ier 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 
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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 appearance of an X-ray radiographic apparatus embodying 

this invention; 

Fig. 2 is a perspective view showing a cassett~ 

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 schematically showing a 

system configuration of the X-ray radiographic appara-

15 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; 

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-ray radiographic apparatus in a 
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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 pre.f erred 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 examination room. The 

gantry 1 ~as an X-ray tube 3 (first X-ray source) and 

15 an X-ray detector (first X-ray detector) revolvable 

20 

therein in an opposed relationship with each other. 

Further, a cassette 5 (second X-ray detector) contain-
.. 

ing X-ray f ilrn 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 exarninee receiving 

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

--- --·--·-----
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a rear position of the bed 2 to receive the cassette 5. 

The cassette·s is mounted therein as illustrated. 

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

for e·xample, which is moun~ed 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 roll 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 

cassette 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 surf ace of the case 11 

opposed to the guide rails 9 (the side surface facing 

inwardly 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 supp9rt block 15 is attached to the 

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

------------
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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 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 1.9 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 the guide 

rails 17 forming part of the ceiling frame 13. A 

plurality of rollers 21 are rotatably attached to the 

opposed surf ace of the stay 20 for rolling along t~e 

15 groove. 

The right and left stays 20 are connected, respec­

tively, 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 



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 90 degrees about an axis P, 

at a lower position of a ceiling suspender 3.1 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. 

Fig. 5 schematically shows a system configuration 

of the above X-ray radiographic apparatus. 

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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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 

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 console 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 horizontally into the 

20 gantry 1. A control signal is transmitted from the 

console 35 to the switching c~rcuit 33 to switch the 

destination of output of the high vol~age 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 
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revolving the X-ray tube. 3 and X-ray detector 4, to 

collect projection data for forming a slice image. 

(2-1) For ordinary 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 exarninee 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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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 

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 rO may be installed in an appropriate 

positio.n 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 

replaced, for example, with an image intensifier for 

converting an X-ray image to an optical image. Gener­

ally, the image intensifier is large and 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 thereto, 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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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 

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 radiographic 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 i_ri 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 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 detecting elements arranged 

·multidimensionally 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. 
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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. 

-----·--··--·--
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What is claimed is: * C L M S * 

1. An X-ray radiographic apparatus for medical use in 

photographing tomographic images and X-ray penetr~tion 

images of an exarninee, said apparatus comprising: 
... 

a bed horizontally movably supporting a top board 

5 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-

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 

LS second X-ray source; 

switch means for selecting a destination of output 

·of said high voltage unit; and 

secorid 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. 

- 11· - . 
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~- 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 surf ace 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 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 raqiographic 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; 

18 
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a support block movable within said movable frame 

in a direction perpendicular to a direction of 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, where"in said moving mechanism of said second X-ray 

source includes: 

a ceiling f rarne secured to a ceiling of said 

5 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 

10 a c-shaped·arm pivotably attached to said support 

block; 

-------
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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. 

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. 
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