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57 ABSTRACT 
A device for use in the production of dental X-ray pho 
tographs comprises a hollow-anode X-ray tube project 
ing from a housing with the tube specially mounted to 
absorb shocks and stresses imposed on the anode tube. 
The anode tube which projects from the housing is 
preferably shielded when not in use by a projecting 
tube slidable relative to the housing. The device may 
also include a second X-ray tube for intra-oral and ex 
tra-oral photography with this second tube emitting X 
rays at 90° to the axis of the hollow anode X-ray tube. 
Prefiltering material may be provided on the head of 
the anode tube or the head of the anode tube may be 
specially shaped so that uniform prefiltering of the radi 
ation from the anode tube occurs over the beam angle 
necessary for full-mouth photography. 

7 Claims, 9 Drawing Figures 
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X-RAY DEVICE HAVING AN ANODE TUBE WITH 
FILTERING MEANS THEREON 

BACKGROUND OF THE INVENTION: FIELD OF 
THE INVENTION 

This invention relates to devices for use in producing 
X-ray photographs, particularly dental X-ray photo 
graphs. 
The invention is particularly concerned with devices 

for use in producing dental X-ray photographs which 
make use of special hollow-anode X-ray tubes which 
are quite distinct in construction and function from the 
usual diagnostic X-ray tubes. 

BACKGROUND OF THE INVENTION: 
DESCRIPTION OF THE PRIOR ART 

In the presently known tubes of this hollow-anode 
type, the whole electrode system - comprising a cath 
ode emitting the electrons, a control electrode affect 
ing the focussing, and a usually conical anode arranged 
in the anode tube with a collecting or focussing coil 
mounted on the anode tube and also affecting the fo 
cussing of the electron stream - is so constructed that 
it is formed from two or three mechanically completely 
separate electrode units as far as adjustment of the sys 
tem is concerned. In these hollow-anode X-ray tubes 
the focal spot is created at the end of a hollow-anode 
tube externally of the actual X-ray tube casing and with 
a conical anode it is at the cone tip pointing towards the 
cathode. 

In the X-ray tubes used in dental medical diagnostic 
treatment for producing full-mouth or panoramic pho 
tographs, in which the anode tube is introduced into 
the mouth, the focal spot of the tube must be kept very 
small on account of the comparatively small focal 
length necessitate by these photographic techniques 
and on account of the lack of sharpness in the image 
which would otherwise arise, with the result that the 
electrode system of such a tube must be extremely ac 
curately focussed and adjusted initially and must then 
remain so. The danger of the tube becoming out of ad 
justment is greater the smaller the diameter of the 
anode tube and the more sensitive the electrode system 
of the X-ray tube. 
Since the wall thickness of the hollow-anode tube, 

which is barely the size of a finger in diameter, must be 
kept small and since the electron stream must be very 
accurately adjusted because of the comparatively small 
focal spot, the user of such tubes protects the very 
highly sensitive anode tube, which is formed from very 
soft annealed copper at those places where in the event 
of a mechanical stress the greatest bending moment is 
exerted, by placing a protective cap over the tube hous 
ing in the inactive position of the device to protect the 
anode tube from damage and defocussing. When pre 
paring the instrument for use and when actually using 
the instrument. the protective cap is removed in all 
C2S6S. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
X-ray device, comprising a hollow-anode X-ray tube 
mounted in a housing and provided with an anode tube 
projecting from the housing, which is resistant to inad 
vertently applied stresses acting on the device and 
which is also protected against defocussing and move 
ment out of adjustment. 
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2 
This is achieved in accordance with one aspect of the 

invention in that the casing of the hollow-anode X-ray 
tube is rigidly connected to mounting means to which 
is connected resilient support means, said support 
means being secured to the housing and extending be 
tween the housing and the casing of the hollow-anode 
X-ray tube. In this way, in the event of a blow on the 
anode tube, this tube together with the whole X-ray 
tube and the focussing means rigidly connected thereto 
together yield to the blow, and then return to the posi 
tions occupied before the blow took place, so that in 
consequence the adjustment of the focussing is not ad 
versely affected. 

In the X-ray device of the present invention the X-ray 
tube casing including the part of the anode tube adja 
cent to the cathode is preferably formed of a ceramic 
based material, such as a ceramic oxide for example, 
since this provides the anode tube with substantially 
higher resistance to bending stresses than the copper 
components previously generally used. 
Since the thickness of the objects in the whole of the 

irradiated field of interest for full-mouth photography 
is approximately the same, it is of great importance that 
any prefiltering of the radiation within the radiation 
beam angle should be constant. This is not the case in 
the presently known hollowanode constructions in 
which the anode tubes and/or the applicators placed 
over the tubes have a constant wall thickness in the vi 
cinity of the source of the emitted radiation, with the 
result that the X-rays follow different length paths in 
their passage through the wall in dependence on the 
angle at which they are emitted and are consequently 
subjected to differential filtering. This disadvantage is 
overcome in accordance with a preferred feature of the 
present invention by the provision of prefiltering mate 
rial on the head of the anode tube containing the an 
ode, the distribution being such that uniform perfilter 
ing of the radiation occurs over the whole beam angle 
necessary for full-mouth examination. This may be 
achieved by making the wall at the head of the anode 
tube of non-uniform thickness such that all X-rays pass 
ing through the tube wall at whatever angle traverse 
equal length paths through the tube wall. Alternatively, 
it is possible to provide additional prefiltering material 
on the head of the anode tube in addition to the actual 
tube material, this additional prefiltering material being 
provided in such a way that the X-rays which on the 
basis of their angle of emission traverse a shorter path 
length through the tube wall pass through a greater 
mass of prefiltering material than the X-rays which tra 
verse a longer path length. . . " 

In photographing the upper jaw it is sometimes nec 
essary in special cases to provide a cut-out in the film 
strip for the nose of the patient and to photograph the 
unphotographed nose part in the usual manner, i.e., 
with the film inside the mouth and with the X-ray tube 
outside the mouth. The presently known hollow-anode 
X-ray tubes cannot be used in this way. Photographic 
views of the whole jaw region are produced with the 
presently known hollow-anode X-ray tubes when in 
serted into the mouth for dental X-ray photographs, 
and these overall pictures obviously give information 

65 

about the general status of the teeth. However, with 
these X-ray photographs one takes photographs of the 
whole of one or both jaws from one focal spot position, 
which automatically means that individual teeth or 
whole groups of teeth are shown heavily distorted on 
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the X-ray film relative to their anatomically correct im 
ages or positions in the jaw. Because of this, for specific 
diagnosis of individual teeth it is necessary to take indi 
vidual photographs of teeth or groups of teeth by the 
distortion free intra-oral or extra-oral techniques which 
are presently known. In order to carry out these two ba 
sically different photographic techniques the dental 
practitioner must have two different X-ray machines 
respectively adapted for the separate photographic 
techniques and with which one has to use X-ray tubes 
which are likewise different and adapted respectively 
for the different photographic techniques. 

It is therefore extremely desirable to provide a device 
equipped with a hollow-anode X-ray tube which is also 
such that distortion free photographs of individual ob 
jects can be achieved with it as with the known intra 
oral and extra-oral photographic techniques. Accord 
ing to the present invention this is achieved by provid 
ing a second X-ray tube for intra-oral and extra-oral 
photographs within the housing of the device and in ad 
dition to the hollow-anode X-ray tube, the direction of 
emission of radiation from the second tube being at an 
angle of substantially 90° to the longitudinal axis of the 
hollow-anode X-ray tube. A high voltage transformer 
for both tubes is preferably also mounted within the 
housing of the device so that in this case the device can 
be described as a one-piece instrument. 

Instead of having two separate X-ray tubes it is alter 
natively possible to use a double X-ray tube suitable 
both for full-mouth photography and also for intra- and 
extra-oral photography, such as double X-ray tube hav 
ing two separate cathode filaments in a common cas 
ing. This results in a system which can be made ex 
tremely compact. On the other hand, a device using 
two separate X-ray tubes has the possible advantage 
that the X-ray tubes may be of a simpler and cheaper 
construction and that in the event of failure of one 
complete X-ray system or one X-ray tube the other 
X-ray system is still usable until replacement or repair 
of the failed system or tube. When using a common 
tube casing for both X-ray systems the casing may be 
secured to mounting means which includes an electron 
reflection target in alignment with the cathode filament 
for the said second X-ray tube and a side window 
through which X-rays from the target are beamed. 

In order that the invention may be more fully under 
stood a number of embodiments in accordance there 
with will now be described by way of example and with 
reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGs 
FIG. 1 is a cross-sectional view through a part of a 

first embodiment of device in accordance with the in 
vention, the device comprising a hollow-anode X-ray 
tube, here shown in its inactive position; 
FIG. 2 is a similar cross-sectional view of the device 

shown in FIG. 1 but with the hollow-anode X-ray tube 
in its operational position; 
FIG. 3 is a similar cross-sectional view through a sec 

ond embodiment of device in accordance with the in 
vention, this device comprising a double X-ray tube 
adapted both for panoramic full-mouth photography 
and also for intra-oral and extra-oral photography, and 
with the device here shown in its operational position 
for the last-mentioned photographic technique; 
FIG. 4 is a longitudinal sectional view through the 

head of the anode tube of a hollow-anode X-ray tube, 
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4. 
the upper half (A) of the illustrated tube being of 
known form and the lower half (B) of the illustrated 
tube being of modified novel form; 
FIG. 5 is a longitudinal sectional view through the 

head of the hollow-anode X-ray tube illustrating the ra 
diation beam-angle necessary for panoramic full-mouth 
examination and of interest in relation to prefiltering 
considerations; 

FIG. 6 is a schematic longitudinal sectional view 
through a third embodiment of device in accordance 
with the invention, the device here comprising two sep 
arate X-ray tube systems; 

FIG. 7 is a front end elevational view of the device of 
FIG. 6; 
FIG. 8 is a schematic longitudinal sectional view 

through a fourth embodiment of device in accordance 
with the invention, again comprising two separate 
X-ray tube systems; and, 
FIG. 9 is a front end elevational view of the device of 

FIG. 8. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the embodiment of the device shown in FIG. 1 the 
X-ray tube comprises a casing 16 fitted with an anode 
tube 9 carrying a conical anode 17; a mount 1 at anode 
potential and rigidly connected to the tube casing 16; 
and a focussing unit 5 which is fixedly connected to the 
tube system. The mount 1 is connected to a housing 4 
of the device by means of a resilient link 2, for example 
in the form of a spring element. A high voltage genera 
tor (not shown) for the X-ray tube is mounted in a suit 
able manner within the housing 4 of the device. 

In spite of the provision of a resilient supporting link 
2 it is important to provide additional protection for the 
exposed comparatively slender anode tube 9 in its inac 
tive position. For this purpose a protecting tube 15 is 
provided which is secured so as to be displaceable in 
the axial direction over the housing 4 of the device. In 
FIG. 1, this protecting tube 15 is shown in its operative 
protective position enclosing the anode tube 9. The 
tube 15 is provided with an aperture 18 in its end face 
to provide for passage of the anode tube 9 there 
through. 
Additional springs 7 are provided between the hous 

ing 4 and the mount 1 on the tube casing 16 in order 
to adjust the flexibility and resiliency of the link 2 so 
that it will absorb forces arising as a result of impacts 
or pressures on the anode tube 9 and will return the 
tube system to its original setting as soon as such for 
eign external forces no longer act on the anode tube. 

In the illustration shown in FIG. 2 the protecting tube 
15 has been withdrawn back over the housing 4 of the 
device so that the anode tube 9 is located in its opera 
tional position in which it can be inserted into the 
mouth if panoramic photography of the whole of a pa 
tient's mouth is to be carried out. 
The embodiment of the invention which is shown in 

FIG. 3 comprises a double X-ray tube by means of 
which it is possible to use both the hollow-anode tech 
nique for panoramic full-mouth photography and also 
intra-oral and extra-oral photographic techniques for 
examination of individual teeth. In this embodiment a 
tube side window 11 with an electron target disc 10 ar 
ranged adjacent thereto are provided in the mount 1 as 
a part of the tube casing 16, in addition to the anode 
tube 9 which has the anode 17 as an electron target 
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point. A filament arrangement 13 acting as the cathode 
associated with the anode 17 and a filament arrange 
ment 14 acting as the cathode associated with the elec 
tron target disc 10 are provided within the tube casing 
16. The mount 1 is at anode potential. 

In this embodiment the cathode filaments 3 and 4 
which are necessary for the two electrode systems are 
mounted on a cathode support 12 and can be selec 
tively switched on individually according to the desired 
type of photographic examination to be effected with 
the device. 

In this embodiment, apertures are provided in the 
housing 4 and in the axially displaceable protecting 
tube 15 for the passage of the X-rays emitted through 
the tube side window 11. These apertures are so ar 
ranged that when the device is used for hollow-anode 
photographic examination the protecting tube 15 
masks the aperture in the housing 4 in front of the side 
window 11 and uncovers the free end of the anode tube 
9, while when the device is used for intra-oral or extr 
aoral photographic examination the protecting tube 15 
encloses the free end of the anode tube 9 and unmasks 
the side window 11. 
The upper half of FIG. 4 of the drawings, designated 

as A, shows the head of a known form of hollow-anode 
X-ray tube in which the anode tube 9 is cylindrical and 
of uniform wall thickness in the radiating region. In 
such circumstances the X-rays coming from the anode 
17 within a beam angle or and which do not pass 
through the wall of the anode tute at right-angles along 
the line S, for example rays passing along the lines S1 
to S4, must penetrate larger amounts of the material of 
the anode tube. These rays are therefore prefiltered dif 
ferentially and this has an extremely unfavourable ef 
fect on the quality of the image on the X-ray photo 
graph. 

In the lower half of FIG. 4, designated as B, there is 
there shown how this differential prefiltering of the X 
rays is avoided by the use of a special configuration for 
the wall thickness of the head of the anode tube 9. With 
the wall thickness made non-uniform as shown the 
same length of path S is traversed by all radiation from 
the anode 17 throughout the whole beam angle which 
is of interest. 
FIG. 5 shows, in relation to an anode tube 9 with a 

conical anode 17 and fitted with an applicator 8 over 
the anode tube, the tube and applicator being shown 
inserted into a patient's mouth, that the beam angle a 
shown in FIG. 4 is in fact necessary for full-mouth pho 
tographic examination. 

Alternatively, it is possible to provide additional pre 
filtering material on the head of the anode tube 9, pref 
erably on its external surface, with such a distribution 
or gradation that the X-rays within the beam angle or 
which follow a shorter path through the wall of the 
head of the tube traverse a greater mass of prefiltering 
material than the X-rays which follow a longer path. In 
this case, the cylindrical wall of the anode tube, as is 
shown in the upper part A of FIG.4, may have its thick 
ness unchanged. Alternatively, this additional prefilter 
ing material may be provided on the applicator 8 which 
is slidable over the anode tube 9, or it may be provided 
partially on this applicator and partially on the anode 
tube itself. By these means one can ensure in a simple 
manner that all the X-rays coming from the anode 17 
are prefiltered to the same extent irrespective of their 
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6 
direction, and preferably to a degree equivalent to the 
case of the rays taking the longest path S4. 
The X-ray tube casing, including the part of the 

anode tube adjacent to the cathode, is preferably made 
from a ceramic-based material having high resistance 
to bending stresses. Among the best materials are ce 
ramic oxides, particularly beryllium oxide, which can 
absorb large bending moments and which at the same 
time are permeable to the magnetic field necessary for 
focussing the electron stream. 

In each of the embodiments described above in 
which the mounting of the X-ray tube within the hous 
ing of the device is accomplished by means of an inter 
mediate element such as the resilient link 2, this resil 
ient supporting link need not necessarily consist of a 
spring element, but for example can alternatively be in 
the form of resilient membranes, or in the form of ball 
and socket joints in association with individual springs 
spaced on a circle around the tube. In each case the ar 
rangement is such that the reaction to bending stresses 
of the resilient link due to forces acting from externally 
on the anode tube 9 is smaller than the reaction to de 
formation of the anode tube 9 due to the external 
forces acting thereon. 
Focussing unit 5 shown in FIGS. 1 to 3 may be an 

electromagnetic unit or a permanent magnet system. It 
will further be appreciated that an electrostatic focus 
sing unit could alternatively be used. 

In the embodiment shown in FIGS. 6 and 7 there is 
provided a hollow-anode X-ray tube suitable for full 
mouth or panoral photographic examination and com 
prising the X-ray tube casing 16, the anode tube 9, and 
an associated transformer 6 mounted on an axis 19 
which is parallel to but displaced upwardly relative to 
the longitudinal axis 20 of the housing 4 of the device. 
Parallel to this tube 9, 16 is provided an intra-oral tube 
21 having its longitudinal axis 22 displaced downwardly 
relative to the longitudinal axis 20 of the housing 4 of 
the device. The direction 23 of the emitted radiation 
from the intra-oral X-ray tube 21 is at 90° to the longi 
tudinal axis 19 of the hollow-anode X-ray tube 9, 16. 

in this embodiment the hollow-anode X-ray tube 9, 
16 is resiliently mounted in the housing 4 by means of 
springs or a spring bellows or a membrane 2. A protect 
ing tube 15 is provided to protect the anode tube 9. The 
protecting tube 15 is displaceable along the axis of the 
X-ray tube such that its cylindrical wall is displaceably 
positioned within the housing 4 and only its forward 
end wall portion provided with an aperture 25 for the 
anode tube 9 lies outside the housing 4. A window 24 
for the passage of radiation from the intra-oral tube 21 
is provided in the cylindrical wall portion of the pro 
tecting tube 15. This window 24 is only aligned with the 
output from the intra-oral tube 21 when the hollow 
anode X-ray tube 9, 16 is not operational and is en 
closed by the protecting tube 15. However, the window 
24 is not in alignment with the axis 23 of the radiation 
from the tube 21 when the protecting tube 15 is dis 
placed inwardly and the hollow-anode X-ray tube 9 ex 
tends in its operative position. 
The embodiment illustrated in FIGS. 8 and 9 only dif 

fers from that shown in FIGS. 6 and 7 in that the two 
X-ray tubes 9, 16 and 21 are not arranged one below 
the other but are positioned on a common axis 22 one 
behind the other within the housing 3. In this embodi 
ment the housing 3 is not cylindrical but has an in 
verted teardrop shape cross-section. The hollow-anode 
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X-ray tube is mounted within the housing 3 in almost 
the same way as in the embodiment shown in FGS. 6 
and 7 but below the pivot axis 20 of the housing, while 
the second X-ray tube 21 lies on the axis 22 behind the 
hollow-anode X-ray tube 9, 16. The two transformers 
6 and 17 of these two X-ray systems are provided as a 
one-piece unit positioned within the upper portion of 
the housing which is of larger cross-section. 

In both the embodiments shown in FIGS. 6 to 9 the 
direction 23 of the emitted radiation from the intra-oral 
tube 21 makes an angle of 90° with the longitudinal axis 
19 of the hollow-anode X-ray tube 9, 16. 
The casing of the intra-oral or extra-oral X-ray tube 

21 preferably consists of a ceramic oxide with the tube 
side window being formed from sintered beryllium ox 
ide. 
Since certain other obvious changes may be made in 

the device without departing from the scope thereof it 
is intended that the above description of certain em 
bodiments of the invention be interpreted in an illustra 
tive and not a limiting sense. 
Having thus described my invention, what I claim as 

new and desire to secure by Letters Patent of the 
United States is: 

1. In an X-ray device for use in producing dental 
X-ray radiographs, 

a. a tube housing; 
b. anode tube means projecting from said tube hous 

ing, said tube means having a longitudinal axis; 
c. an anode mounted in said anode tube means adja 
cent the end of said anode tube means opposite 
said tube housing, said anode, when bombarded by 
electrons, emitting X-rays over a beam angle that 
extends both radially and longitudinally of said 
anode tube means to produce a full-mouth radio 
graph when said anode tube means is correctly po 
sitioned within a patient's mouth; the improvement 

d. wherein said anode tube means comprises filtering 
means, said filtering means having a variable thick 
ness along the longitudinal axis of said tube means 
such that the X-rays pass through substantially 
equal thicknesses of filtering material irrespective 
of the emission angle relative to the longitudinal 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
axis of said anode tube means whereby the X-rays 
are uniformly filtered over the entire beam angle. 

2. The X-ray device as set forth in claim 1 wherein 
the thickness of said anode tube means varies such that 
all X-ray radiation emitted within said beam angle trav 
els a path of equal length through the wall of said anode 
tube means. 

3. The device as set forth in claim 2 wherein said fil 
tering means comprises a first portion of filtering mate 
rial of uniform thickness forming said anode tube 
means and a second portion of filtering material of 
varying thickness covering preselected areas of said 
first portion of filtering material wherein said second 
portion of filtering material provides additional filter 
ing to said X-ray radiation such that said X-ray radia 
tion travels equal path lengths within said filtering 
C2S. 

4. The apparatus as set forth in claim 3 wherein said 
anode tube means comprises: 

a. an anode tube of cylindrical cross sectioning hav 
ing walls of uniform thickness wherein said walls 
comprise said first portion of said filtering means; 
and 

b. an applicator tube for covering at least a portion 
of said anode tube means, surrounding said at least 
a portion of said anode tube, wherein said second 
portion of said filtering means is affixed to said ap 
plicator tube. 

5. The device as set forth in claim 2 wherein said 
anode tube means comprises: 

a. an anode tube including said filtering means; and 
b. an applicator surrounding said anode tube. 
6. The device as set forth in claim 2 wherein said 

anode tube means comprises: 
a. an anode tube; 
b. an applicator surrounding said anode tube; and 
c. wherein said filtering means comprises a first por 

tion disposed of said anode tube and a second por 
tion disposed on said applicator. 

7. The apparatus as set forth in claim 1 wherein said 
anode tube means is formed from a ceramic based ma 
terial such as a ceramic oxide. 
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