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IMAGE INTENSIFIER DENSITOMETER 

The invention relates to an image intensi?er densi 
tometer, comprising an X-ray source and an X-ray 
image intensi?er having a basic objective and one or 
more measuring devices. 

In X-ray densitometry or in apparatus for the time 
dependent measurement and recording of the attenua 
tion of X-rays upon irradiation of a (human) body by 
means of an image intensi?er, also referred to as “den 
sitometry” for the sake of simplicity, the intensity of 
the X-radiation attenuated by the object is measured, 
via a specially shaped, for example, slit-like or circular 
scanning surface, during a given period of time and is 
recorded by means of a recorder or is directly applied 
to another processing system, for example, to an elec 
tronic data processing system. Densitometry utilizing a 
slit-like measuring surface is known as kymography. 
The latter technique enables in particular the display of 
the movement function of an organ or part of an organ, 
for example, the heart wall, which periodically moves 
over the measuring surface. ‘ 
X-ray densitometry requires a measuring surface 

which is adapted to the relevant measuring problems, 
and suitably proportioned electronic apparatus. The 
X-ray source itself must be sufficiently stable as other 
wise a relative measurement is required so as to take 
into account the ?uctuations in the radiation intensity 
of the X-ray source. ‘ 

It is known that this object can be achieved by means 
of, for example, the so-termed video densitometry as 
appears from Rofo 108, 79 - 88 (1968) “Videoden 
sitometrie, technische Grundlagen und klinische An 
wendung als Ferneshkymographie” by J. Lissner and P. 
Marhoff, and from Elektromedizin 12, 82 - 95 and 145 
- 157 (1967) “Rfintgenologische Kontrastmitteldich 
temessungen zur Untersuchung der Herz- und Kreis 
lauffunktion” by P. Heintzen, J. Biirsch, P. Osypka and 
K. Moldenhauer. in video densitometry an image of an 
X-ray image intensi?er which is present as a television 
signal is analyzed by means of a measuring window; the 
measuring window is generated by an additional win 
dow generator. Eventhough the video densitometry of 
fers the advantage that imageswhichare recorded on 
magnetic tape can also be densitometrically examined, 
the use of this method has the drawback that the linear 
ity is substantially limited and that only limited bright 
ness differences can be evaluated. 
From Rontgenblatter 23, 593 - 598 (1970) “Ergeb 

nisse der Rontgen-Kino-Densitometrie” by F. Heuck, 
H.K. Deininger and K. Vanselow and “Kreislaufanalyse 
mittels Rontgendensitometrie” by W. Rutishauser, 
Bern-Stuttgart-Wien (1966) it is furthermore known to 
perform X-ray densitometry on a ?lm..This ?lm densi 
tometry is very suitable for the examination of contrast 
medium-passage through blood vessels after aniogra 
phy. However, this method has the drawback that the 
non-linearity of the ?lm causes problems, that the re 
sult is not immediately available, and that the examina 
tion cannot be readily repeated on the object itself. 
Also known is the kymography as described by H. Vi 

eten: Handbuch der medizinischen radiologie, volume 
111, pages 407 — 435, Berlin-Heidelberg-New York 
(1967), “Elektrokymographie" by K. Heckmann and 
R. l-laurich, in which a similar but slightly more re 
stricted object is pursued. Because the surface kymog 
raphy must be considered only as a variant of the inven 
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tion relating to electrokymography, a brief description 
of the latter will suf?ce. According to this known 
method the fluctuations in the brightness which occur 
in a luminescent screen or a similar scintilator are mea 
sured via a slit by means of a photoelectric receiver, im 
mediately after irradiation of the object, the said ?uctu 
ations being recorded as a function. Movements of the 
organs are thus displayed. The direct electroky~ 
mography, however, has the drawback that the measur 
ing member must be adjusted by means of a ?uoro 
scope and that such a simultaneous ?uoroscopic check 
is substantially hampered. 
The described drawbacks are eliminated by an appa 

ratus according to the invention. Because an electron 
optical image intensi?er linearly transfers brightnesses 
over a comparatively large region, the use of an image 
intensi?er image for X-ray densitometry makes sense. 
It might be possible to use a real optical image of a 
given image area corresponding to the desired measur 
ing surface. However, this method is unattractive be 
cause of the comparatively high cost of the objective 
and the time-consuming adjustment since the image 
intensi?er image is reduced at a l : l0 ratio with re 
spect to the X-ray-image. 
Assuming that for a normal application of an image 

intensi?er for x-ray ?uoroscopy a so-termed basic ob 
jective is already present which is combined with a 
camera objective to form a so-termed tandem objec 
tive, the use of an optical element, arranged between 
the two objectives, is very advantageous for the desired 
measuring technique. Use is then made of the circum 
stance that the basic objective distributes the informa 
tion which is situated in its focal plane and which dif 
fers in accordance with its location in the image, in var 
ious directions. Behind the basic objective each image 
point corresponds to‘ a light beam, the lateral dimen 
sion of which is determined by the objective limitation, 
the rays of the said beam being parallel with respect to 
each other, the direction of the said beam correspond 
ing to the direction of the connecting line between the 
relevant object point and the intersection of the optical 
axis and the entrance pupil of the objective. 

In agreement with this insight,v an image intensi?er 
densitometer of the kind set forth according to the in 
vention is characterized in that a receiver of the mea 
suring device is constructed as a mechanical collimator 
which‘ comprises laminations, the length-to-distance 
relation of the laminations determining, in conjunction 
with the focal distance of the basic objective of the 

. image intensi?er and the electron-optical enlargement 
of the image intensi?er, the measuring surface of the 
image intensi?er densitometer. 
Two collimators which are formed by laminations 

can then be arranged one behind the other and rotat 
able with respect to each other such that this rotation 
produces different measuring ?elds. Alternatively, two 
or more collimators producing different measuring 
?elds can be arranged adjacent to each other to enable 
a quick selection of one of these measuring ?elds. In a 
further preferred embodiment one common photocell, 
for example, a secondary-emissive electron multiplier, 
is used for a plurality of collimators, the selection of the 
measuring ?eld being performed by a mechanical de 
vice‘. Two collimators can also determine different 
measuring ?elds, notably measuring ?elds of different 
proportions, and two photocells or one mechanical de 
vice for one photocell can perform a relative measure 
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ment via the two measuring ?elds. Furthermore, the in 
tensity of the X-rays or the sensitivity of an electric am 
plifying system of the measuring device can be con 
trolled via one of the measuring ?elds. 

In a further preferred embodiment yet according to 
the invention a light source can be arranged adjacent 
to the photocell such that the exact position and shape 
of the measuring ?eld corresponding to the relevant 
collimator can be displayed on the secondary screen of 
the image intensi?er. The measuring device incorporat 
ing one collimator or a plurality of collimators can be 
used on an output side of an image divider of known 
construction. The control of the X-rays or of the sensi 
tivity of the measuring system can be effected, how 
ever, with a larger time constant in the measuring ?eld 
in which measuring takes place. The collimator can 
also be arranged to be vertically rotatable with respect 
to the beam path. The measuring ?eld is shifted as a re 
sult of this rotation. 
Some embodiments according to the invention will 

be described in detail with reference to the drawings. 

FIG. 1 shows a basic diagram of an image intensi?er 
densitometer device according to the invention, 
FIG. 2 shows a detail of FIG. 1 at an enlarged scale 

so as to illustrate the operation of a collimator, 
FIG. 3 shows an embodiment incorporating two colli 

mators having a different operating principle, 
FIG. 3a compares the measuring ?elds of the two col 

limators of FIG. 3, 
FIG. 4 is a diagrammatic representation of a device 

according to the invention incorporating collimators 
which serve different purposes, 
FIG. 5 shows a preferred embodiment incorporating 

two consecutively arranged collimators, 
FIG. 5a shows the measuring ?eld of the consecu 

tively arranged collimators of FIG. 5 at various rotary 
positions thereof, 
FIG. 6 shows a preferred embodiment incorporating 

a plurality of collimators which are to be selected, and 
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FIG. 7 shows a collimator with an associated light ’ 
source. 

FIG. 1 shows an optical axis 1 of a device comprising 
an X-ray source 2, an X-ray image intensi?er 3 having 
a primary screen 4 which faces the X-ray source 2 and 
which is arranged on the X-ray image intensi?er 3. A 
secondary luminescent screen 5 is arranged on the out 
put side of the image intensi?er. In the X-ray image in 
tensi?er 3, the image is reduced at a ratio of approxi 
mately 1 : l0 in this embodiment, going from the pri 
mary screen 4 to the secondary screen 5. The device 
furthermore comprises a basic objective 6 with a pho 
tocell 7 and an electronic device or a recorder 8. The 
device described thus far is generally known. In accor 
dance with the invention a collimator 9 is arranged be 
tween the basic objective 6 and the photocell 7. Em 
bodiments of this collimator will be described hereinaf~ 
ter with reference to the Figures. 
A collimator 9 can be composed of, for example, a 

cubical or cylindrical housing in which laminations are 
provided which preferably extend in parallel and which 
are blackened and made of a thin metal. The shape, the 
dimensions and the distance with respect to each other 
or the opening of the laminations co-determine the 
shape and dimensions of the measuring surface. 
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FIG. 2 again shows the optical axis 1 and the basic 

objective 6. The collimator 9 has a depth b, a height 0 
or a diameter 0 in the case of a cylindrical execution, 
and a shaft opening a. This shaft opening corresponds 
to the distance between two laminations or shaft walls 
10 in the device under consideration. 
The basic objective 6 has a focal distance f. In the 

plane of the luminescent screen 5 the letter x in FIG. 
2 denotes the dimensions of the measuring ?eld, for ex 
ample, one slit width in the direction under consider 
ation. The value of x follows from the formula a/b 2 f 
=x, so x is a function of the focal distance f of the basic 
objective 6 and of the geometrical dimensions of the 
collimator. The quotient a/b produces the said length 
to-distance relationship or the “shaft relationship” of 
the collimator. 
The basic objective 6 and two different collimators 

l1 and 12 are arranged about the optical axis 1 in FIG. 
3. In the collimator 11, the shaft walls 10 are compara 
tively far from each other, so that a measuring ?eld di 
mension 2:1, as shown in FIG. 3a is produced. In con 
trast therewith the collimator 12 has shaft walls 10 
which are situated comparatively close together, so 
that a measuring ?eld dimensions x12 is produced which 
is also shown in FIG. 3a. The measuring field dimension 
xm is concentric with respect to the measuring ?eld di 
mension x1, because both collimators l1 and 12 are ar 
ranged parallel to the optical axis 1. The measuring 
?elds are shown in a plane at a mutually equal distance 
from the basic objective 6 in this Figure, but this is not 
necessary. , 

FIG. 4 shows the X-ray source 2, the image intensi 
?er 3, the basic objective 6 and the collimators l3, l4 
and 15 which are arranged in accordance with the in 
vention. A photocell 7 is arranged on the output side 
of each of the collimators. A measuring device 16 is 
connected to the outputs of the two photocells 7 which 
are arranged behind the collimators l3 and 14. One 
input of a control ampli?er 17 is connected to the out 
put of the photocell 7 which is arranged behind the col 
limator 15, whilst an output 18 of the control amplifier 
17 is connected to the measuring device 16, a further 
output 19 of the control ampli?er» 17 being connected 
to an X-ray generator 20. The X-ray. generator 20 is 
connected to the X-ray source. 
When the control ampli?er 17 is switched on, either 

the sensitivity of the measuring device 16 or the X-ray 
dose of the X-ray source 2 can be controlled in accor 
dance with the brightness of the measuring ?eld se 
lected by the collimator 15. 
The reference 1 in FIG. 5 again denotes the optical 

axis, and the reference 6 the basic objective. Two lami 
nated collimators 21 and 22 are constructed in the 
same manner and are consecutively arranged parallel 
to the optical axis 1 and rotatable with respect to each 
other about an axis 23. The measuring ?elds thus pro 
duced are shown in FIG. 5a. In the case of parallel lami 
nations and consecutively arranged collimators 21 and 
22, a horizontal slit 24 or a vertical slit 25 of the mea 
suring ?eld arises, and upon rotation of the collimators 
21 and 22 through 90° with respect to each other, the 
collimators being the same, a square measuring ?eld 26 
arises, the side 27 of which is equal to twice the width 
28 of the slits 24 and 25. ’ 
FIG. 6 shows a'preferred embodiment enabling adja 

cently arranged collimators 29, 30 and 31 to be succes 
sively selected in time. The reference 6 again denotes 
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the basic objective and the reference 7 the photocell. 
The collimators 29, 30 and 31 have different “shaft ra 
tios.” A mechanical diaphragm 32 permits of individual 
selection of the collimators 29, 30 and 31. To this end, 
only the position of the aperture 33 of the diaphragm 
32 must be adjusted in known manner to the output of 
the selected collimator. 
The reference 1 in FIG. 7 again denotes the optical 

axis, and the reference 6 the basic objective. A collima 
tor 34 is arranged parallel to the optical axis 1. Adja 
cent to the photocell 7 a light source 35 is arranged on 
the output side of the collimator 34. The photocell 7 is 
properly shielded from the light source. When the light 
source 34 is switched on, a bright area appears on the 
secondary screen 5 of the image intensi?er, the said 
area corresponding to the measuring ?eld. This mea 
suring ?eld indication can always be used between 
measurements so as to check the measuring ?eld posi 
tion. When the brightness of the light source 35 is 
known, this source can be used not only for indicating 
the measuring ?eld, but also for calibrating the image 
intensi?er densitometer. For this purpose it is suf?cient 
that the stabilized light source 35 of known brightness 
and the photoelectric receiver 7 are simultaneously 
used. ‘ 

What is claimed is: 
1. An X-ray densitometer, comprising: 
an X-ray source for irradiating at least a portion of an 

object to produce an X-ray densitometric image; 
an X-ray image intensi?er having a primary screen 

for receiving said X-ray densitometric image and 
having a secondary screen for converting said 
X-ray image into an optical image; 

a convex lens positioned with the focal plane thereof 
coincident with said optical image; 

a mechanical collimator positioned on the side of 
said convex lens remote from said optical image to 
receive light passing through said lens from said op 
tical image, said collimator not passing light which 
travels thereto from directions outside of a range of 
directions determined by the optical characteristics 
of said collimator, said range of directions corre 
sponding with light coming from only a portion of 
said optical image; 

a light sensitive device positioned adjacent said colli 
mator to receive and measure light passed by said 
collimator from said portion of said optical image, 
said portion of said optical image being the measur 
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6 
ing ?eld. 

2. An X-ray densitometer as de?ned in claim 1 
wherein said collimator is of laminar construction. 

3. An image intensi?er densitometer as claimed in 
claim 2, characterized in that for a quick selection of 
a measuring ?eld a plurality of collimators having mu 
tually different measuring ?elds with respect to the 
image plane are adjacently arranged. 

4. An image intensi?er densitometer as claimed in 
claim 3, characterized in that for a plurality of collima 
tors one common light sensitive device is used, the se 
lection of the measuring ?eld being performed by me 
chanical alignment thereof. 

5. An image intensi?er densitometer as claimed in 
claim 2, characterized in that two collimators deter 
mine different measuring ?elds a light sensitive device 
being provided for each collimator for relative meas 
urements between the two measuring ?elds. 

6. An image intensi?er densitometer as claimed in 
claim 5, characterized in that via one of the measuring 
?elds the intensity of the X-rays or the sensitivity of an 
electronic intensifying system incorporated in the mea 
suring device can be controlled. 

7. An image intensi?er densitometer as claimed in 
claim 2, characterized in that adjacent to the light sen 
sitive device a light source is arranged by means of 
which light energy may be directed back through the 
collimator to determine the exact position and shape of 
the measuring ?eld corresponding to the collimator on 
the secondary screen of the image intensi?er. 

8. An image intensi?er densitometer as claimed in 
claim 2, characterized in that a known image divider is 
arranged between the secondary display screen of the 
image intensi?er and the collimator device. 

9. An image intensi?er densitometer as claimed in 
claim 2, characterized in that the measuring field con 
trols either the X-ray intensity or the sensitivity of the 
measuring system. _ 

10. An image intensi?er densitometer as claimed in 
claim 2, characterized in that the collimator may be 
moved tangential to the light propagation direction in 
order to shift the measuring ?eld. 

11. An image intensi?er densitometer as claimed in 
claim 2, characterized in that two laminated collima 
tors are arranged one behind the other such that they 
are rotatable with respect to each other for the selec' 
tion of different measuring ?elds. 

* * * * * 
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