
Introduction

Within the frame of the general problem of
electromagnetic interactions with the media,
a problem of photon interaction is being con-
sidered. It can occur on the electron cloud as
well as in the atom core. The probability of
occurrence of these processes, however,
shows that three effects [photo-effect, elastic
dispersion on free electrons - (Compton and
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Thompson effect), and pair effect] are highly
dominating. All effects of interaction of pho-
tons with atomic core in the domain of the
energies of photons in diagnostic radiology
are excluded since the condition to start that
process is not fulfilled. Contemplating the
mechanism of photo-effect on the cloud elec-
tron directs to the significant component of
absorbed energy spent to free the electron
from the atom which, as a consequence, has
an emission of characteristic radiation. This is
particularly, the case, when dealing with the
soft tissue or water (small ordinal number)
whose K-electron connection energy, com-
pared with the energy of incidental photon, is
so small that practically all the energy that ra-
diation brings in this way, is taken by the
photo-electron.1,2 On the other hand, apply-
ing the law on preservation of energy and im-
pulse, it is easy to show that this effect cannot
happen on free electron.

This is visible on the across section graph
of this effect and energy of the incidental
photon. The dependence shows a significant
rise of across section in the area where ener-
gy of the incidental photon is close to the en-
ergy of K, L, M electrons. The analytical ex-
pression of this dependence is based on a
quantum-electro-dynamical approach.3,4

In the effects of the elastic dispersion of
photons there is a distinction between the ef-
fects when the dispersed photons have the
same wave length as the incidental photons
(Thompson-coherent dispersion), and when
the photons change their wave length with
elastic dispersion (Compton’s effect). Both ef-
fects happen on free electron. The coherent
dispersion is discussed in a classic way and
the value of the cut for this effect is given
with2

where

is classic electron radius and it equals r0 =
2.8 x 10-10 m.

In order to determine the radiation dose in

space (outside primary beam), it is necessary
to be familiar with the distribution of the dis-
persed photons presented by Johns and
Cunningham.

Exploring the behaviour of the radiation
dosage in the space (outside the primary
beam), we can expect the influence of this ef-
fect. That is why it is important to say that the
distribution of dispersed photons in this
process is given by the expression.2

I(ϕ) ≅ const (1 + cos2ϕ)          (2)

where I(ϕ) is an intensity of the photons dis-
persed under the angle ϕ.

With the second, Compton’s effect, the
dispersed photon changed its wave length
depending on the dispersion angle

∆λ = λ′−λ = ∆(1 - cos2ϕ)          (3)

where λ is a wave length of the dispersed
photon under the angle ϕ, while ∆ is

This expression was also reached using the
preservation laws starting from the fact that
the dispersed photon and recoiled electron
have mutually shared the energy of the inci-
dental photon. The explanation of this mech-
anism leads to the confirmation of the parti-
cle characteristics of the photons (in classical
approach the energy of the dispersed particle
is a function of an angle of dispersion), which
has its academic significance. Will this effect
happen? And if it happens, what is the prob-
ability that photon will be dispersed under a
specific angle? Here is a complex expression
for across section based on a quantum-me-
chanic approach. This expression in the form
of differential total section was given by Klein
and Nishina as5,2

- where             presents probability that pho-
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ton will be dispersed on an electron in a unit
of the solid angle Ω under the angle ϕ;
- me - mass of the electron in peace;
- c - speed of light in vacuum. 
hν → 0 In the extreme case for low energies
of the incidental photon when

hν → 0
or 

α → 0
α → 0 and the complex equation (4) trans-
forms into the classical one (Thompson’s
case), that is

which means that, with low energies, (soft
Roentgen radiation-if the beam was not fil-
tered), the contribution of coherent radiation
will be significant, while with strongly fil-
tered beam Compton’s effect is more proba-
ble. In the soft tissue this process may occur
on any electron of the atom since all electrons
can be considered free - comparing their
bound energy with the energy of incidental
photon, which is the basic precondition for
the development of this effect.
hν → 0 Presenting the graphic equation of
Klein-Nishina in the function of dispersion
angle, it is evident that the distribution of dis-
persed photons differs in the energies of inci-
dental photon from Thompson hν → 0 distri-
bution from the line at 10 MeV, when there is
no photon dispersing back.5,2 By integrating
the equation on all angles using the substitu-
tion

dΩ=2sin ϕ dϕ

we get the total section of the Compton’s ef-
fect as a number whose value is expressed as
a function of the incidental photon energy.
Theoretical conclusion is that the total cross
section of the Compton’s effect decreases
with the increase of energy.

The component of the section that at
Compton’s process relates to the dispersion

σR can be found by multiplying Klein-Nishina
equation with the relation hν’/hν that is
Te /hν, for the component that relates to the
absorption of σa.

By integrating according to the dispersion
angles, we get

σ = σa + σR

σ = σR

for low energies because, with Thompson’s
process, a coherent radiation occurs and
there is no absorption.5

The presented essence of these effects di-
rects to the complexity of the mechanism of
interaction of photon radiation with the mat-
ter. The consequence of these effects are pho-
tons dispersed in the space outside the pri-
mary beam of the source. In this work, we
will present the way of determining the level
of the radiation dosage in the space around
the X-ray source as a consequence of the dis-
persion of the radiation in the patient during
the examination and in other structures the
beam encounters to.

Material and methods

Dosimetric methods

A certain level of radiation is detected in
every point of this space (structures encoun-
tered by the radiation beam as well as walls of
the room where the source is installed) with
the effects of the dispersion. This value most-
ly exceeds the value, which could, in a dy-
namic picture, exceed the limited dosage (the
limited dosage is the level prescribed by law).
We determined the absorbed dosage in air for
distant points by large series of measuring,
which secured reliable results. Experimental
methods for standard dosage measuring were
used.

The following equipment was used:
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- standard water phantom 200 x 200 x 150
mm with plastic walls;
- dosage measuring system Ionex with appro-
priate chambers by Nuclear Enterprises
- the radiation source was X-ray Telestatic
used for urology diagnostics with possible
scopia and graphia.

Methods applied in urology

In order to have a completely objective review
of urological conditions of individual parts of
uro-system, invasive x-ray diagnostic meth-
ods are applied in urology. Depending on the
part of the uro-system to show, standard uro-
logical practice in General Hospital Doboj re-
quires the presence of urologist, next to the
patient (in radiation zone), during some test-
ing - x-ray scopia or x-ray graphia. These
methods are applied in the following condi-
tions:
- retrograde urethrography
- retrograde cystoscopy
- retrograde uretheropyelography (Chevass

method)
- retrograde (ascendant) pyelography.

The objective of the listed diagnostic pro-
cedures is the evaluation of morphological
situation of the uro-system by visualising
pathological changes as well as their conse-
quences on the channel system. Apart from
morphological data, there are also data of pre-
cious value for the estimation of functional
condition, treatment and disease prognosis.

Pathologic changes that we were detecting
by these methods might occur in any part of
the uro-system: in urethra, urinary bladder,
ureter, pyelocalix of kidney system. If the
clinical, laboratory and echotomographic
testing - extratornally and urographically - do
not allow us to set the correct diagnosis, we
apply the invasive diagnostic urological-radi-
ological methods.

The basic principles should necessarily be
followed for every single listed procedures
that will be briefly explained:

- In retrograde urethrography, contrasting
substances are injected by a rubber attach-
ment and special syringes. Imaging is per-
formed in AP and oblique positions of the
patient during the injection of diluted con-
trasting substance. 

- In retrograde cystography, urinary bladder
imagining in AP and oblique projection of
the patient is performed after the injection
of diluted iodine solution, air as a negative
means or combination of both means in
two-component cystography.

- Contrasting substance intake may be direct
- by the insertion of catheter under control
or by the infusion system through the
catheter installed in the urinary bladder. In
such case, the liquid is 50 - 75 cm above uri-
nary bladder level, and the gravity force
helps fill it into the organ. The contrasting
substance concentration ranges 10 - 30%
(mostly 17%). The contrasting substance
quantity is determined by the above stated
conditions (it ranges from 20 - 120 ml in
children, and 250 - 300 ml in adults). The
contrasting substance quantity is usually
determined individually per patient.

- The retrograde cystography and uretrocis-
tography are, in most cases, simultaneously
performed. They are separated in practice
only when we are sure that there is a patho-
logical process in the urinary bladder, with-
out any repercussion on the other organ.

- In case of mictial cystourethrography, imag-
ing is performed immediately after urinat-
ing, and in case of polycystography, frac-
tional intake of contrasting substance is si-
multaneously followed by imagining in the
same film, without changing of the patient’s
position.

- In retrograde ureteropyelography (Chevass
method), retrograde pyelography and endo-
scopic setting of ureteral stents, the urolo-
gists control the performance personally
and monitors the radioscopias.

- Having performed endoscopy of ureteral
opening, an ureteral sonda with conal peak
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of 4-6 Ch in diameter is inserted. Thus, the
Chevass method applied in retrograde
ureterocystography blocks the return of
contrasting substance into the urinary blad-
der. By injecting the contrasting substance,
a proximal ureter and pyelocalix system of
the kidney are shown. This is monitored by
scopia and recorded by graphia.

Results of measuring

The aim of work is to determine the static pic-
ture of the radiation dosage outside the pri-
mary beam, which is generated as a conse-
quence of dispersion in the patient during ra-
diological diagnostics.

The static picture was obtained for the pa-
rameters that were most commonly utilised
in 20 cases of diagnostics. These parameters
are:
- Voltage 90 kV
- Current 250 mA
- FKD 1 m
- Field 0.25 m x 0.25m

We measured the absorbed dosage in the
air for the points that lay in the plain 1.1m
above the floor. The obtained results were
distributed in columns and rows, which en-
abled constructing the iso-dosage trajectories
in that plain. The values of the strength of the
absorbed dosage pointed in the picture are:
A - 2.5 10-3 Gy/h
B - 2 10-3 Gy/h
C - 1.5 10-3 Gy/h
D - 1 10-3 Gy/h
E - 0.5 10-3 Gy/h

Monitoring the position of the operator
during the diagnostics, we can see that
his/her body is in the radiation field whose
minimal value ranges from 2.5 10-3 Gy/h up
to 10 10-3 Gy/h.

In the immediate vicinity of the work-
desk, the aforementioned chamber did not
give reliable results so this area was con-
trolled with a TL dosage-meter. It is expected

that this picture will be useful for the assess-
ment of the dosage that the patient receives
during the examination (dynamic picture).

Discussion

The problem of dispersion as a complex phe-
nomenon is discussed today from experimen-
tal and theoretical view. Since experimental
procedures are very long, avoiding certain
phases can be done by modelling certain rela-
tions as a part of the overall procedure.

In today’s literature, different theoretical
approaches, based on nuclear across section
as statistical values helping to assess some
physical values, such as the intensity of the
energy flux, exposition dosage, and similar,
are offered. For the purpose of calculating the
section, Klein-Nishina’s equations of differ-
ential section as function of the energy of in-
cidental photon and angle of dispersion are
used today. On the basis of these analytical
approaches, several computer programs are
used today with the ambition to cover this
problem in the general picture. The differ-
ences in the results gained through these pro-
grams and via experimental measuring are
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Figure 1. Distribution of the radiation dose in space in
which urology diagnostics are performed.



sometimes unacceptable. Besides, in the
premise of the analytical calculations a lot of
assumptions are introduced, which some-
times do not correspond with reality.
However, we can be satisfied with the devel-
opments and occurrence of improved pro-
grams related to this problem.6

Conclusions

Static dosimetric picture of the space (radia-
tion zone) in the general sense is above all
useful for the organisation of the diagnostic
procedures utilising ionised radiation.
Obtained in any way, this picture enables an
insight into the three-dimensional distribu-
tion of the dosage on the basis of which it is
possible to correct organisation of the diag-
nostics being performed under these condi-
tions. The values of the radiation dosage
show that it is necessary to use the protecting
means prescribed by law (appropriate cloth-
ing and glasses). For more frequent expo-
sures, it would be useful to make a dynamic

dosimetric picture for professional exposure
and assessment of the radiation risk of these
persons.

References

1. Attix F. Introduction to radiological physics and radia-
tion dosimetry. Medison: University of Wisconsin
Medical School; 1986.

2. Johns HE, Cunningham JR. The physics of radiolo-
gy. 4th edition. Springfield: Thomas; 1983. p 742.

3. Attix F, William C, Roesch C. Radiation dosimetry.
Vol.1. New York: Academic press; 1968.

4. Attix FH, Tochilin E. Radiation dosimetry. Vol. 3.
2nd edition. New York: Academic press; 1969. p
22-33, 679-82.

5. Fitzgerald JJ, Brownell GL, Mahoney FJ.
Mathematical theory in radiation dosimetry. New
York: Gordon and Breach; 1967.

6. ICRU 42. Use of computers in external beam radio-
therapy procedures with high-energy photons and elec-
trons. USA: December 1987.

7. Cember H. Introduction to health physics. Oxford:
Pergamon Press; 1969.

Banduka MS and Vasić DD / Static dosimetry space image244

Radiol Oncol 2002; 36(3): 239-44.


