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PUBLIC HEALTH AND THE MEDICAL USE
OF IONIZING RADIATION

Fifth Report
of the WHO Expert Committee on Radiation

The WHO Expert Committee on Radiation met in Geneva from 8 to
14 December 1964. Dr F. Grundy, Assistant Director-General, opened
the meeting and welcomed the participants and representatives of other
international organizations. He referred to the increase in the medical
use of ionizing radiation and to the fact that this increase was, from the
public health point of view, doubly signifiant: on the one hand, good radio-
logy was essential to modern medicine; on the other, diagnostic radiology
constituted the major source of exposure of the population to man-made
radiation. Hence, in order to obtain maximum benefit—associated
with least hazard—from medical radiology it was necessary to aim at
the highest quality of radiological procedures while at the same time reduc-
ing as far as possible unnecessary exposure. It was, however, not only
a matter of using correct radiological procedures and suitable apparatus:
questions of clinical judgment and of indications for use of clinical tools
other than radiology were involved. This meeting of the WHO Expert
Committee on Radiation was convened to consider these questions relat-
ing to the medical use of ionizing radiation, with the main emphasis on the
- diagnostic uses of X-rays and on matters of particular significance to public
health. ‘
Dr M. Faber was elected Chairman and Dr I. G. Lagunova Vice-
Chairman; Dr F. W. Spiers was elected Rapporteur.

1. INTRODUCTION

The use of radiation in medical diagnosis and therapy has steadily
increased to the point where it is now indispensable in medical care and
public health. However, because ionizing radiation carries with it ele-
ments of risk, its efficient and safe use calls for careful consideration at
every level in public health planning.

3 —



4 RADIATION

The risks that may be involved in radiation work and all the benefits
to be obtained should be considered in a broad public health context,
bearing in mind the benefits and risks present in all fields of medicine. The
use of radiation is dependent first of all on complex physical equipment,
such as X-ray apparatus, and secondly on competent personnel to take
maximal advantage of this equipment. Fortunately, the hazards accom-
panying the use of radiation in medicine are within human control and
where necessary can be reduced.

The most important mechanisms for control are relatively simple,
inexpensive and easily introduced. In addition to apparatus and tech-
nical procedures, however, the development of human judgment through
knowledge and experience is essential. When all the relevant factors have
been taken into proper consideration, the use of radiation can be developed
to serve the growing needs within the limits of acceptable risks.

- Some aspects of the problems involved have been covered in the
fourth report of the WHO Expert Committee on Radiation,! which deals
with public health responsibilities in radiation protection and in which
special emphasis is placed on the control and regulation of various sources
of radiation. The purpose of the present report, however, is to give spe-
cial consideration to the medical uses of radiation and to propose specific
practical suggestions and recommendations at many levels for the optimal
development of efficient practice. Furthermore, the report will take into
consideration on the one hand the technical improvements and proper
handling of the radiation sources and on the other hand the medical
evaluation of the reasons for irradiation, and the ways and means of avoi-
ding unwarranted exposure and reducing the chance of late complications.

2. MEDICAL USE OF IONIZING RADIATIONS

2.1 Medical and administrative considerations

Although considerable differences exist in the amount of medical
radiation work carried out in different countries, there is in all of them a
growth in the total work performed and in the scope and application of
radiation techniques. It has been estimated, for example, that in some
countries one person in three; or even one person in two, undergoes a
diagnostic X-ray examination each year; in other countries the correspond-
ing figure may be as low as one in several hundred. The rate of increase
in the number of radiological examinations is less certain but is estimated
to be of the order of 10 %-159% per year even in some countries with
already highly developed medical services. There are several reasons

1 Wid Hlth Org. techn. Rep. Ser., 1963, 254.
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for these increases, some being interdependent; they involve such factors
as the growth of the economy, the development of increased medical
services, and greater awareness of the potentialities of radiology in the
diagnosis and control of disease. Furthermore, the complexity of many
examinations has increased in recent years, requiring correspondingly
greater facilities and effort. Thus, to take only one example, not too many
years ago an examination in neuroradiology required only scout films
of the skull. Now an examination in the field of diagnostic neuroradio-
logy may include encephalography, carotid and cerebral angiography,
ventriculography, radioisotope scanning methods for tumour detection,
and circulation and wash-out studies using radioactive inert gases.

Great advances have also taken place in radiotherapy, and a
variety of radiation sources of greatly increased power are now available
for medical use.

Exposure of the population to ionizing radiation in the course of
medical procedures arises from (1) the diagnostic use of X-rays, (2) the
diagnostic use of radioisotopes, and (3) the therapeutic use of X-rays and
other sources of ionizing radiation. It is under these headings that the
many problems associated with the safe and effective use of radiation in
medicine ‘will be discussed; but first some general matters of principle
and organization call for consideration.

All medical uses of ionizing radiation should ideally conform to the
principle that the greatest value, in terms of relevant diagnostic information
or of therapeutic effect, should be obtained with the smallest reasonable
dose to the patient. The complete fulfilment of this principle may, however,
depend on other factors than the simple one of the responsibility of the
physician to his patient. Regional differences in economic wealth may
affect the availability of the optimum radiation facilities, and the use of
apparatus can be conditioned by the supply of specialist personnel. In
other ways, the state of public opinion and education, and even psycho-
logical reactions (such as that to the cancer problem), may largely deter-
mine the success or otherwise of the development of an adequate radiolo-
gical service. Such factors may also affect attitudes towards the provi-
sion for research and hence indirectly enhance or restrict advancement
along any given line. Medical developments often expand rapidly, and
can be very sensitive to alterations in economic, cultural and social fac-
tors. In all circumstances, however, the aim should be to apply the avail-
able resources in such a manner that the best possible practice is achieved
with lowest practicable exposure of the patient.

Frequently both improvement in technique and great reduction in patient
dose can be achieved with simple methods already at hand and by relatively
minor adjustments to apparatus. Such measures are often cheap and
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require only some imagination and moderate skill to be put into effective
operation. On the other hand, the relatively high cost of radiological
equipment calls for considerable thought and planning in selecting appa- -
ratus that will give the best results for a given outlay and provide the
greatest return in diagnostic information with minimal radiation dose.

The intensity of effort directed to dose reduction, however, should
be related to the particular situation; clearly, it is more important to reduce
a high dose, affecting considerable numbers of patients, by a factor of
ten than to diminish by half some small dose affecting only a few. In
other circumstances, a smaller dose reduction may be very important in
an examination which is carried out periodically on large numbers of
people who are not patients but include healthy members of the public.
Protection measures should be kept in perspective and should be commen-
surate in their degree of sophistication with the available resources, as
well as with the magnitude of the problem considered. Here again, very
often, the protection of the public and of the staff could be greatly impro-
ved through education and by inexpensive technical modifications. These
points are discussed at length in ICRP documents! and in the second
report of the WHO Expert Committee on Radiation.2 The fourth report
of the WHO Expert Committee 3 already referred to considers the respon-
sibility of public health services with regard to this problem.

Other important factors enter into a determination of what radiolo-
gical procedures are applied, how elaborately they are performed, and how
frequently repeated. In most situations, the physician should be the
primary arbiter of what is needed for the patient’s benefit. This places
the responsibility where it rightly belongs, on the physician’s own judge-
ment. He should, however, rely greatly on consultation with radio-
logical specialists in arriving at decisions. There are other situations
when third parties intervene. In mass survey examination programmes,
for example, health authorities themselves are usually and properly invol-
ved. Other comparable problems arise with pre-employment radiolo-
gical examinations, certain insurance and legal requirements, and exami-
nations performed to determine fitness for civil and military service or
conditions relating to retirement. Whenever and however such policies
are established, it is imperative that great care be exercised in determin-
ing the value of the examinations for any given purpose, and the desira-
bility or necessity for their continuance should be kept under regular

-1 In particular: International Commission on Radiological Protection (1960)
Report of Committee III on Protection against X-rays up to Energies of 3 MeV and Beta-
and Gamma-Rays from Sealed Sources, London, Pergamon Press, (ICRP Publication 3);
International Commission on Radiological Protection (1964) Recommendations of the
International Commission on Radiological Protection (as amended 1959 and revised
1962), London,. Pergamon Press (ICRP Publication 6).

2 WIid Hlth Org. techn. Rep. Ser., 1960, 196.
. 3 Wid Hith Org. techn. Rep. Ser., 1963, 254. .
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review. In these situations the responsibility must rest with the interven-
ing agents and they must ensure that, in consultation with the special-
ists concerned, full attention is given to the balance of benefits against
possible risk. Non-radiological as well as radiological methods of case-
finding and diagnosis should be properly integrated into all programmes
of public health and patient care, with the object of promoting full and
proper use, and also of preventing the abuse of any one method.

Although the discussion on problems of dose must to a great extent
be based on statistical considerations, the interest of the individual patient,
‘as in all good medical practice, must be the first subject of consideration.

Well-established, effective and sometimes inexpensive methods of
reducing the dose in the day-to-day practice of radiology are discussed
in the following sections of this report. If applied, these measures will
result in substantial reductions in the radiation exposure of all concerned.
Beyond this, the continued development of methods of protection can be
assured only by 1esearch into the relevant medical and physical aspects,
which include the development of improved sources of radiation, new in-
strumentation for radiation measurement, and advances in the methods
used to receive, display and process diagnostic information. For this,
the collaboration of radiologists, physicists, engineers and others is required,
and the Committee considers it highly important that co-operative research
for these purposes should be continuously encouraged.

Protection considerations are also intimately linked with the design
of radiological equipment, and great benefit can result from a continued
interest on the part of the manufacturer and supplier in the problems
discussed in this report, particularly with regard to the technical points
in section 3.

2.2 Biological effects of radiation

Tonizing radiation will produce some cellular changes in whatever
tissue it may pass through, as is evident from the wide spectrum of clini-
cal signs following exposure to very large doses. When lower doses are
used such symptoms of damage will appear only rarely, depending on the
dose and on the amount and nature of the tissue irradiated. The mani-
festations can best be discussed as two separate groups. Somatic effects
may be recognizable within the life-span of the irradiated person, while
genetic effects would be manifest only in the more or less remote offspring.

22.1 Somatic effects

Somatic effects can occur in all organs brought into the radiation
field. Tt might be profitable to divide them into three groups:

(@) Effects attributable directly to irradiation. For doses in the

[
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therapeutic range . these represent more or less unavoidable acute
complications. In the diagnostic dose range no acute symptoms should
be present after well-conducted procedures. ,

(b) Effects that are known to be initiated immediately but that only
become manifest when the radiation-induced lesion has progressed to a
state of organ insufficiency. Typical of this group are cataract formation,
radiation nephrosis and radiation pneumonitis. They are produced
only by fairly large doses. For cataract formation it is known that doses
higher than those used for diagnostic purposes are necessary.

" (¢) Effects that will first be manifest after a latent period. Two
groups of diseases are found under this heading, the leukaemias and the
solid benign or malignant tumours. In both groups, radiation will induce
an increase in the frequency of the diseases in the population, and the
proof of a connexion between irradiation and disease will rest on a statis-
tical evaluation.

The leukaemias are malignant blood diseases that can be divided into
three main groups. Chronic lymphatic leukaemia is not, as far as is known,
induced by ionizing radiation. The incidence of chronic myeloid leu-
kaemia has been shown to be increased in association with radiation expo-
sure, and it is generally accepted that acute leukaemia can be induced by
radiation. ‘

The latent period seems in some cases to be of more than ten years’
duration, but is generally shorter, and during this period there is no defi-
nite sign to distinguish between pre-leukaemia and absence of leukaemia.
Leukaemia cases with a significant history of irradiation are not, as far
‘as is known, different from other cases of the same type of leukaemia.
The proof of leukaemia being radiation-dependent must therefore rest on
a statistical evaluation. Radiation in the dose ranges and dose schedules
used in therapy may be accompanied by an increase in acute and chronic
myeloid leukaemia. Whether the same is true in the adult for the much
smaller doses encountered in diagnostic irradiation is still under discus-
sion, but certain studies suggest that it may be. There are investigations
that suggest that exposure to diagnostic X-rays involving the foetus may
raise the incidence of leukaemia in the first ten years of life by a factor of
approximately 1.5.

In all cases where radiation can be considered active in leukaemo-
genesis the bone marrow has been within the radiation field. The studies
of certain selected populations irradiated at relatively high dose levels
(100-900 rad) show increases in the incidence of leukaemia of the order
of one case per rad per million persons per year. One should not, how-
ever, extrapolate these findings to the diagnostic dose ranges or to diffe-
rent populations; but even if this rate were vahd 1t would still give a very
low incidence.
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Solid tumours appearing after irradiation are, except in some special
cases, found to be within the irradiated field. Induction is dependent on
age; benign and malignant tumours have been observed in children after
X-ray treatment during the first year of life, and statistical evaluation indi-
cates that doses of the order of 150 rad may be responsible for tumour
production.

Heavy irradiation of the mother during the first three months
of pregnancy, when important organs are developing, can give rise to -
developmental abnormalities if the embryo is in the radiation field. In expe-
rimental animals, abnormalities in the developing embryo have been pro-
duced by doses of about 15 rad given in a single dose. These doses are
higher than those usually encountered in diagnostic examinations, and are
of different time fractionation. This effect has not been observed at such
low doses in human beings. These findings, however, suggest that a
cautious attitude should be adopted to the radiological examination of
pregnant women. :

The gonads are among the most sensitive organs as far as irradiation
is concerned, not only because of the risk of genetic damage but also from
the point of view of somatic effects. While the testes show a marked
ability to recover after irradiation, the ovaries do not. Furthermore, it
has been shown in animal experiments that there is a period after birth
when doses as small as 20 rad can destroy practically all oocytes in mice.

From animal experiments it appears probable that irradiation, apart
from the above-mentioned local damage, has a general effect, which mani-
fests itself in a reduction in life-span.

2.2.2 Genetic effects

It has been shown conclusively in animal experiments that exposing
the gonads to ionizing radiation will give rise to changes in the genetic
material, in the form of point mutations or chromosome breaks. The
relationship between radiation dose and the number of recognizable point
mutations is linear over a wide dose range. This has been demonstrated
experimentally in Drosophila to hold true for a dose as low as 5 rad.

On the basis of animal experiments it has been estimated the that
dose that will increase observed mutations by a factor of approximately
two above those occurring spontaneously lies between 30 and 200 rad; and
these figures are thought to be applicable to man. These radiation-
induced mutations will be introduced into the pool of naturally-occurring
mutations in the population and will be recognizable as an increase in
expressed mutations whose type and time of appearance will depend on the
biological effects of the single mutations and whether they are dominant,
recessive, or lethal. It has been estimated that the effects of the first 10 %
of the mutations will probably be apparent within the first three genera-
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tions. Accordingly, it is at present impossible to verify the extrapola-
tion of data from animal experiments to human beings.

In 1958, the UN Scientific Committee on the Effects of Atomic Radia-
tion defined the “ genetically significant dose ” as “the dose which if received
by every member of the population would be expected to produce the
same total genetic injury to the population as do the actual doses received
by the various individuals ”

Since, for genetic effects, the dose-effect relationship is assumed to
be linear and without threshold, the relevant parameter is the average
of the individual gonad doses, each weighted for the number of children
expected to be conceived after the exposure.

The only genetic changes due to radiation so far observed in human
populations are slight alterations of the sex ratio of children born to irrad-
iated parents. The results of such studies tend to indicate the presence
of a very small decrease in male births to irradiated mothers.

In order to place in proper perspective some of the somatic effects
described above, it may be appropriate to mention the results of a radio-
logical chest survey made in the United Kingdom. Five million X-ray
examinations disclosed 18 000.cases of pulmonary tuberculosis and nearly
2400 cases of pulmonary cancer. From the doses given, and taking the
most pessimistic view as to possible leukaemogenesis, it can be esti-
mated that these exposures might result in an increase of 20 in the expec-
ted number of deaths from leukaemia; that is, from a normal expectatlon
of 2500 to one of 2520 deaths.

2.3 Doses observed in medical practice

During the past few years there has been great interest in measuring
doses to patients undergoing radiological procedures and many data are
now available on doses to specific organs and tissues and to the whole
body. . These have been used for calculating risk estimates and for improv-
ing operating standards.

A number of nation-wide surveys have been made of the dose from
medical X-ray diagnosis, radiotherapy and radioisotopes. In twelve
surveys, covering about 6 % of the world’s population, estimates of the
annual genetically significant dose from diagnostic procedures varied from
7 to 58 mrad per person per annum, which is a remarkably narrow range
for the different types of country represented.

The highest contribution to the genetic dose from X-ray diagnosis
comes from a few types of examination, including those of the Iumbar
spine, pelvis, femur and hip and those of the gastro-intestinal tract,
abdomen, and urinary tract. These examinations form only about- 10 %,
of the total number of examinations but contribute about 80 % of the
genetic dose from X-ray diagnosis.
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Clearly, a small reduction in the dose from these examinations will
be more important genetically than a larger reduction in the dose from the
remaining types of examination, and therefore great attention should
be given to the former. However, since any reduction in radiation dose
is desirable, attention should of course also be given to the remaining
types of examination. In particular, it is frequently easy to effect great
reductions in gonad ‘dose during chest examinations by simply reduc-
ing the size of the X-ray beam to correspond to the size of the chest; in
any case, there is no need for the beam to be larger than the film used.
In view of the high frequency of this type of examination, it is desirable
that the beam should always be limited.

~ The radiation dose received by patients is usually greatest at the
skin surface through which the radiation enters the body, and it can be
larger if several adjacent irradiated areas overlap, as when a series of
dental radiographs is carried out with excessively large ficld size. Thus
here again it is important that beam size be limited to that required for the
particular examination.

For a single radiographic exposure, if the rad1at10n dose is too large,
the film will be excessively blackened. There is, however, no correspond-
ing visible check to the amount of radiation used in fluoroscopy. Even
in skilled hands, the dose in fluoroscopy is generally much greater than
that in the corresponding radiographic examination. In chest radiogra-
phy, using good techniques, the skin dose can be as low as 0.1 rad per
exposure, but fluoroscopy of the chest using equally good techniques
may result in a dose 10 or 20 times as great.

Almost invariably, for a given exposure the gonad dose will be appre-
ciably less than the maximum skin dose. For a given skin dose, however,
the gonad dose will be much greater if the gonads are in the X-ray beam
than if they are outside. The gonad dose will also be greater for larger
sizes of X-ray beam, and will be influenced by many other factors. Simi-
lar considerations apply to the bone-marrow dose.

Surveys have shown that the gonad dose may vary between wide
limits for the same type of examination in the same institution, and the
variation is greater still between different institutions and different coun-
tries. This variation may be accounted for partly by dissimilarities in the
physical size and shape of patients and by differences in the condition for
which they are examined, but more important are differences in technique,
which depend on the person conducting the examination. A United King-
dom survey,! for instance, found that in pelvic examinations of adult males
the range of gonad dose was from less than 0.1 mr to over 10 000 mr per

1 Great Britain, Ministry of Health, Department of Health for Scotland (1960)
Second Report of the Committee on Radiological Hazards to Patients, London, H.M.
Stationery Office.
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examination, and in chest examinations of adult females, it was from 0.01 mr
to over 200 mr per examination. It was found that in chest radiographs
taken on adult females, the ovaries were in the primary X-ray beam in
51 % of the cases; in similar radiographs on adult males, the scrotum was
in the X-ray beam in 10 % of the cases. It was also found that when
rectangular X-ray beams were used, the area of the beam was, on average,
2.3 times that of the film, while circular X-ray béams were 3.8 times
the area of the film. Evidently, the wide range of field sizes used
could have been largely responsible for the wide range of -gonad doses
observed.

The genetic dose to the population from radiotherapeutic procedures
can also be evaluated, but different considerations arise. In the case
of patients treated for malignant disease, subsequent procreation is less

likely, partly because most of these patients are beyond the reproductive
phase of life, and partly because in many cases the radiation doses will
cause sterility. Surveys show that the genetic dose to the population from
radiotherapy is much less than that from X-ray diagnostic procedures, prob-
ably between one-third and one-tenth. The most important contribution to
the dose has been shown to arise from the treatment of superficial benign
conditions. On the other hand, the genctic dose from radioisotope pro-
cedures of all kinds is relatively small.

The dose to the active bone marrow is of importance, since this is
thought to be the critical tissue for the induction of leukaemia. The
dose-effect relationship is unknown, but the pessimistic assumption is
made that it is a linear relationship without threshold. In the surveys
so far made, the significant dose has been taken to be the dose to
all irradiated portions of the active marrow averaged over the whole
mass of active marrow. Several estimates have been made of mean mar-
row dose in different types of diagnostic examination, these generally
lying between 100 and 1000 mrad per examination. The larger doses are
received in fluoroscopy of the chest and gastrointestinal tract, and also
by the foetus in radiographic obstetric examinations. It is clear that the
range is not 'so wide for mean marrow dose as for gonad dose, mainly
because the marrow is so widely distributed in the body.

From such values, it is possible to derive an annual mean marrow
dose per person averaged over the whole population, and in the United
Kingdom this has been shown to be about 35 mrad per person per annum
for diagnostic radiology. Of this, 359/ is received in examinations of
the gastrointestinal tract, and a further 45 % in mass chest surveys. The
contribution from radiotherapy of non-malignant conditions would add
a further 15 mrad per person per annum. 7 7

In countries where assessments have been made, it is clear that, for
both genetic dose and bone marrow dose, diagnostic radiology contributes
a larger dose to the population than does radiotherapy. A large frac-
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tion of the population dose from diagnostic radiology arises in a few types
of examination, some of which contribute largely to both the bone-
marrow dose and the genetic dose, while others are major contributors
only to one or the other.

Both the somatic and the genetic doses, for a given type of examina-
tion, can vary widely with the practice in different institutions. Great
reductions in the population dose can therefore be made by eliminating
bad practice in those institutions where the doses are high, especially
in those where fluoroscopy is widely carried out. Frequently this may
require changes of practice and the replacement of out-of-date equipment.

3. TECHNICAL MEANS FOR THE IMPROVEMENT
OF RADIODIAGNOSTIC FACILITIES

The previous sections have shown that the main source of population
dose arising from the medical uses of radiation lies in the field of diagnos-
tic radiology. It is here more than anywhere else that most improve-
ments leading to dose reduction must be sought, and indeed can be made,
without impairment of the medical value of diagnostic procedures. Most
of the information now available on methods of dose reduction relate
to minimizing the irradiation of the gonads, and not much attention has
been given hitherto to the problem of reducing the dose to the bone marrow.
Apart from actual gonad shielding, however, the methods of reducing
the gonad dose will also result in a lessening of the bone-marrow dose.
In this section it will be assumed, therefore, that most measures advocated
for the reduction of the gonad dose will be desirable and that they will
also be effective in minimizing the dose to the bone marrow. Incidentally
such measures also lessen the dose received. by operators.

Information on problems of dose reduction stem from two types of
investigation, those that survey the practice in a given country or loca-
lity and derive an average dose representative of the population con-
cerned, and those that examine radiological techniques under controlled
conditions and establish the improvements brought about by changes in
technique. Generally, the material for this section has been drawn from the
latter studies, because they have shown what can be achieved by good
practice. The surveys, however, have provided information that is
very relevant to the problem of dose reduction, because they have related
dose to practices observed under conditions of everyday departmental
work, and from their results it has been possible to deduce the types of
radiological work in which changes of technique would be most effective
in reducing the total dose to the population.
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The technical points to be discussed in the following sections have
been drawn from radiological experience and research in many countries.
They relate to improvements in the design of facilities and equipment,
to refinements of radiological techniques, and to circumstances that
may give rise to unsatisfactory radiographs, requiring repeated exami-
nation. Account must be taken of such factors if a high standard of
radiography with minimum population exposure is to be maintained.
Additional and complementary information on radiation protection may
be found in the relevant sections of the report issued by Committee I1I
of the ICPR,! which are given as an appendix to this report.

3.1 Arrangement of X-ray rooms and general state of apparatus

3.1.1 X-ray rooms

The proper arrangement of facilities in the X-ray department is impoz-
tant for minimizing the dose to both operators and patients. Adequate
size of the X-ray room is important, as is the relative location of wait-
ing rooms, changing rooms, dark rooms and the control cubicle and the
installing of sufficient radiation shielding. The disposition of the X-ray
tube should be such that the main beam is directed away from locations
occupied by personnel, waiting patients or the general public. Care in
directing the X-ray beam should similarly be taken when mobile X-ray
equipment is used outside the X-ray department. Convenient working
arrangements are conducive to accurate work, and protective devices
will be more regularly used if they are easily available to the operator.
In the special circumstances of mass radiography, where large numbers
of pg:bple are radiographed sequentially, care must be taken to ensure
that those waiting in line are adequately protected from stray radiation.
It has been known in some circumstances for a person to receive almost
as much dose from scattered radiation while approaching the X-ray machine
as he has subsequently received on being radiographed.

3.1.2 X-ray tube shielding

It is clearly important that no appreciable amount of stray radiation
should emerge from.the X-ray tube; hence the tube shielding should be
of adequate thickness, and be free from cracks or faulty joints. Perio-
dic as well as initial testing is needed to maintain the standard of shield-
ing. Normally, X-ray tubes are adequately shielded around-the central
parts of the tube housing, but shielding at the ends and at points where

1 International Commission on Radiological Protection (1960) Report of Commit-
tee III on Protection against X-rays up to Energies of 3 MeV and Beta- and Gamma-
Rays from Sealed Sources, London, Pergamon Press (ICRP Publication 3).
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cables enter may be insufficient. Serious radiation leakage can occur
around cone and diaphragm assemblies and through filter attachments.
Such leaks are easily located and remedied. Radiation survey instruments
are available for the quantitative checking of radiation leakage from X-ray
tubes, but valuable information, particularly on the location of leaks,
can be obtained by observation in the darkened room with a fluorescent
screen moved around the tube housing.

3.1.3  Alignment of X-ray beam

The X-ray tube must be accurately set in its housing to ensure that
the focal spot is correctly orientated and lies on the axis of the cones and
other devices for beam collimation. Such adjustment should not be
assumed, but should be checked periodically, especially in mobile and
portable X-ray apparatus, which are subject to mechanical shocks and
stresses during transit. Tests should also be made for “ off-focus ” radia-
tion by exposing a large film to a small, centrally-placed beam, or by “ pin-
hole ” radiographs, which will reveal the location of the true focus as
well as the off-focus source.

3.1.4 Instrumentation and power supplies

Accuracy and reliability of all instrumentation on an X-ray set must
be maintained for reproducible and safe radiology. This applies espe-
cially to milliammeters, milliampere-second meters, kV pre-selectors,
mechanical, synchronous and electronic timers, photo-timers and ion-
chamber timers.

Power supplies to an X-ray set can be inadequate either because the
electrical supply is inadequate or unstable or because the mains cables
to the set may not be able to carry the high instantaneous currents invol-
ved without excessive voltage loss at the X-ray set. These effects can be
beyond the range of even automatic compensators, especially when mobile
X-ray sets are used outside the X-ray department; the result is incorrect-
ly-exposed films necessitating repeat radiographs. The use of conden-
ser-discharge or battery operated X-ray sets can be very valuable under
conditions of inadequate power supply.

In most cases, simple test films taken with a suitable aluminium step
wedge will reveal deficiencies in the instrumentation and electrical supply.

3.1.5 Fluorescent screens

Fluoroscopic and intensifying screens deteriorate with age and the
action of light, and this deterioration increases the patient dose for any
given level of luminosity. Scrupulous cleanliness and careful handling
of cassettes are:imperative, and checks of luminosity are desirable.

5 .
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The performance of fluoroscopic screens may be checked against
a small standard screen kept for this purpose. Absolute luminosity can
only be measured with some standard irradiator. A small portable
X-ray set, such as a small dental unit, operated under carefully controlled
standard conditions of current and voltage, or an adequately shielded
strontium-90 beta-ray source can be used to produce a standard dose rate
and quality for this purpose. :

3.1.6 Mechanical and electrical maintenance

Even. with modern equipment, the requirements outlined above will
be met in full only if there is some system of regular electrical and mecha-
nical maintenance. Provision of this kind of technical service also reduces
the risk of non-radiological accidents from purely mechanical failure.

3.1.7 Dark-room facilities

If good-quality films are to be obtained with minimum patient dose,
care in taking the radiograph must be matched by equally good dark-
room facilities and techniques. The facilities must provide good working
conditions and adequate safe-lighting, and they must exclude the possibility
of inadvertent admission of light and of ionizing radiation. Processing
of the film can be impaired by careless handling of cassettes, films,
solutions and equipment. Developing times should be optimal for the
working temperature. The possibility of using special chemicals for deve-
loping in the warmer regions of the world should be considered. Except
in special circumstances requiring urgent diagnosis, it is not justifiable
to increase the radiographic exposure merely. to achieve shorter develop-
ing times.

3.2 Beam limitation

3.2.1 General considerations

Limitation of the X-ray beam to the smallest size consistent with
the requirements of the radiological examination affords the greatest scope
for dose reduction because, in the context of much of the present diagnostic
practice, the use of unnecessarily large beams is probably the most impor-
tant single source of additional irradiation of the patient, This fault
in practical radiology can be found in all types of examination, from den-
tal radiography to examination of the trunk, but is specially important
in examinations of pregnant women and in radiographic examinations
of infants, It cannot be emphasized too -strongly that only that part of
the X-ray beam which falls on the film or the fluorescent screen can give
useful information; the rest contributes nothing to the radiological informa-
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tion—indeed it worsens it—but adds inevitably and unnecessarily to the
patient’s radiation dose. The quality of the X-ray image is improved
by beam limitation; it is.also improved by compression techniques that
lead to greater X-ray transmission through the part examinde, less
scattered radiation, and a lower patient dose. It is not always realized
that the gonad dose increases very sharply with proximity to the nearest
edge of the beam, and this distance should be kept as large as possible
if the area to be examined does not include the gonads.

3.2.2  Fluoroscopy

The stops on the shutter mechanism should ensure that in all cir-
cumstances the X-ray beam is confined within the visible area of the fluo-
rescent screen or other detector, such as the screen of an image intensifier.
Additionally, the use of the smallest practicable beam size both improves
the image contrast and minimizes the patient dose. The use of hand-
held fluoroscopes is not recommended, except in strictly supervised pro-
cedures of a research nature.

3.2.3 Radiography

In radiographic work, the beam size is frequently greater than it
need be because a large beam provides an easy way of making sure that the
film is covered. The use of rectangular fields, rather than circular fields,
will avoid unnecessary irradiation outside the area covered by a rectangular .
film. The important factor, however, is that the X-ray beam, circular
or rectangular, should fall within the area of the film. The appearance
of the beam edges on all radiographs has been advocated as desirable
evidence of beam limitation.

The most important aid to the alignment and collimation of the
beam is the light-beam diaphragm, and the general use of this type of
device would be likely to result in a considerable dose reduction, but
tests should be made to check that the light beam is coincident with the
X-ray beam. Where their use is possible, multi-leaf diaphragms mini-
mize the emergence of unwanted radiation from off-focus sources.

3.3 General points concerning techniques

3.3.1 Use of filters

Filtering the X-ray beam by inserting aluminium plates (or filters)
between the X-ray tube and the collimating device will reduce the skin
and gonad doses. The necessary additional thickness of filter is determined
by the inherent filtration of the X-ray tube, the radiographic techniques
for which the tube is operated, and the operating voltage. It can be
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recommended that aluminium filters of at least 1 mm. thickness should
be used with X-ray tubes operated at voltages up to 70 kVp. For X-ray
tubes operated above 70 kVp, aluminium filters of at least 1.5 mm thick-
ness can generally be recommended. In routine operation at voltages
beyond 100 kVp, added filtration of 2-3 mm of aluminium or 0.25 mm
of copper may be used to reduce the dose to the patient.

In all cases it is strongly recommended that the added filter be
securely fixed as a part of the X-ray-tube housing. '

3.3.2 The use of high voltage

There is fairly general agreement that the use of potentials of 120 kVp
and above enables radiography of the thicker parts of the body (notably
lateral pelvic radiographs) to be carried out with a reduced patient dose.
It has been shown that high-voltage techniques result in lower doses to
the foetus and maternal ovaries in obstetrical examinations.

3.3.3 Fluorescent and intensifying screens and grids

In conventional fluoroscopy it is important not only that screens
have a high sensitivity but also that the dark adaptation of the operator shall
be adequate to minimize the dose required for a given examination. A
dark-adaptation time of ten minutes should be regarded as the necessary
~ minimum. ‘

In radiography, intensifying screens should be as fast as is compa-
tible with the requirements of the examination. Slow high-definition
screens or non-screen films should be used only where the nature of the
examination demands high resolution.

The use of grids improves the diagnostic quality of films and can
thus reduce the likelihood of need for repeated examinations. The in-
creased exposure required by the use of grids can be offset by using them
at higher peak voltage with adequate filtration and in combination with
fast films and intensifying screens. S

334 Goniad shields

When the examination includes the gonads in the X-ray beam, special
shields for the gonads may be useful provided that they do not interfere
with the conditions of the examination or mask parts which should be
included in the study. For this purpose, a variety of devices have been
suggested. Box-type shields made of lead 1.5 to 2 mm thick can be used
to enclose the testicles and reduce the gonad dose to approximately 1 %
of the non-shielded dose. Shields for females can take the form of a
triangular 2-mm lead sheet over the abdomen or a bridge across the abdo-
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men. Babies can be similarly shielded using lead rubber. Other types
of gonad shielding in current use for any patient, male or female, include
a shadow device mounted on a stand that may be adjusted for the thick-
ness or height of the particular patient. These adjustable devices can
normally be positioned without embarrassment, but their use requires
care to avoid any possible need for repeated examination. In general,
a dose reduction to 5 9-10 % of the unshielded dose can be obtained with
these simple shields.

3.3.5 Positioning devices

Devices for supporting or holding the patient can reduce the dose
by avoiding the necessity for repeat exposures, as well as by increasing
the accuracy with which smaller beams can be located. Straps and other
means are used to hold very small infants in position and also to provide
attachments for gonad shields. Devices can also be used, for example
in chest radiography, to support the weak patient and carry the film cas-
sette. If supporting the patient during a radiographic exposure is un-
avoidable, the person doing this must be adequately protected.

3.3.6 Timers for fluoroscopy

Because the dose received by the patient in a typical fluoroscopic
examination is of the order of 5 to 10 rad per minute, the total dose to
the patient can be very large if unduly prolonged screening is carried
out. Radiologists therefore emphasize the need for timers which inte-
grate the times during which the X-ray beam is switched on and which
can also be set to sound a warning or switch off the tube at some pre-set
total time. Average screening times vary according to the nature of
the examination, and it is strongly recommended that as much skill as
possible be acquired so that screening times can be kept to the minimum.

3.3.7 Integral-dose meters

A number of workers have attempted to measure the integral dose
received by the patient during fluoroscopy as a more relevant factor than
the simple measurement of integrated time, and large flat ionizing cham-
bers are now available for this type of measurement. The instrument
response is proportional to the integral of the surface dose multiplied
by the area, and this is proportional to the integral dose only at constant
peak voltage. Factors for converting surface dose to integral dose at each
voltage can be given and these instruments are advocated as useful indicators
which help the radiologist to minimize the total patient dose.

3.3.8 Image intensifiers in fluoroscopic examinations

There is no doubt that the greatest reduction in the dose to the patient
in fluoroscopic examinations is that brought about by the use of image
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intensifiers, including those employing television techniques. With prop-
erly designed and adjusted apparatus, tube currents of about 0.3 mA
at 75 kVp can be adequate for the thorax, and corresponding values for
the A-P abdomen are 0.5 mA at 90-100 kVp. In these conditions, the
patient dose can be reduced in each case to about 10 %, of the correspond-
ing doses received with ordinary fluoroscopic techniques. These advan-
tages, however, can be entirely lost if image intensifiers are not used com-
petently, or if they are inferior in design and not properly adjusted, or
if the quality of the image and convenience of observation are the only
criteria of use. Good principles of image-intensifier design are: (a) high
X-ray absorption in the fluorescent screen or other image transducer;
(b) low noise level in the system; and (c) good image transfer from the
receptor screen to the viewing screen. The Committee considers that
one of the present needs, which if fulfilled would lead to improvement
in performance and lower patient doses, is some standard method of
testing the performance of image intensifiers.

4. CONSIDERATION OF SELECTED CLINICAL PROBLEMS
CONCERNING DIAGNOSTIC APPLICATIONS

4.1 Flueroscopy

Although fluoroscopy has in the past been in very wide use for a
variety of reasons, its application should be more and more restricted.
The more attention has been focused on the problem of radiation dose
to the patient, the greater has been the realization that fluoroscopic pro-
cedures account for an unnecessarily large part of the radiation given
to patients in diagnostic examinations. For several reasons fluoroscopy
may present the greatest risks of over-exposure. In spite of the high
radiation dose, especially in conventional fluoroscopy, the information
gained is usually relatived poor compared with that obtained by radio-
graphy, and the procedure leaves no permanent record.

The use of fluoroscopy should therefore be limited to situations where
its unique advantages can be exploited, for instance in certain studies
of motion, securing specific positions, and introduction of contrast media.
Fluoroscopy should not be used as a substitute for radiography,
where this is available. The use of fluoroscopy for survey techniques
of all kinds should where possible be completely abandoned. Fluoros-
copy should not be used in procedures requiring manipulation, for instance
in reduction of fractures, if other methods are available. The search
for foreign bodies should be conducted primarily with the aid of radio-
graphy and their removal should be effected with electromc metal—locat-
ing equipment, where indicated.
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In situations where fluoroscopy is indicated, it should be performed
by competent personnel using good -equipment under complete dark
adaptation and with special regard to the shortest possible examination
time and the minimum necessary field size (this is especially important
for children and in examinations close to the gonads). Fluoroscopic
units should preferably be equipped with a suitable alarm or automatic
switch to control the time for ﬂuoroscopy and to draw the examiner’s
attention to this factor.

An alternative technique for fluoroscopy is the use of image inten-
sification with or without video tape recording. This can be recommended
for use by radiologists and for such time-consuming special procedures
as catheterization. With these special techniques in the hands of expe-
rienced examiners, the radiation dose during fluoroscopy can be con-
- siderably lowered. Less well-trained physicians using this type of equip-
ment tend to extend the time of fluoroscopy and thereby to invalidate
any advantages the method offers. There is also a considerable risk
that, if basic principles are not well understood, the use of image ampli-
fication techniques for fluoroscopy might lead to an indiscriminate expan-
sion of fluoroscopy as a method of radiological examination.

4.2 Mass radiography

Mass radiography employs various methods for surveying either
special groups in a population or for examining large numbers of the
general population. The more health programmes come into operation,
the more mass radiography will be used. Because the method is used
for both individual and social reasons, the balance of the reputed benefits
and the possible risks should be considered, and the indications for such
surveys should be continously re-appraised in the light of epidemiological
changes in disease and the possibilities of prophylaxis and treatment.
The most common type of mass radiography is mass chest examination.
For reasons of economy and applicability, photofluorography is the method
most widely used. Because with photofluorography a relatively higher
radiation dose is needed to produce the picture, the dose problems call
for special attention. Tt is therefore recommended that equipment with
a high optical efficiency should be used, as for example the mirror-type
camera, and that the film should be of suitable size. For children and
persons of small stature, unnecessary portions of the body are often included
in the primary beam because of failure to reduce the collimation propor-
tionately to the patient’s size. If end collimation is not possible, full-size
radiography should be considered as the method of choice. Similar
considerations apply to the examination of pregnant women.

It is recommended that in every kind of mass radiography, the strictest
consideration should be given to the problem of radiation dose. Mass
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radiography should not, in principle, be used for examining parts of the
body including or close to the gonads, except in groups with little or no
expectancy of parenthood. . Consideration should also be given to the
bone-marrow dose. , ‘

The Committee stressed the specific responsibilities of the public
health authorities in all mass surveys, since such surveys are mostly applied
to children and the general public, and are very often compulsory. In
organizing the surveys, care should be taken to avoid the too-frequent
repetition of control examinations, insufficient co-ordination, etc. The
best possible equipment should be provided.

4.3 Tomography

It is today a generally recognized fact that tomography may sub-
stantially contribute to radiological diagnosis and provide useful infor-
mation and guidance to the radiotherapist as well as to other physicians
in planning and applying therapeutic procedures. However, the fact
that tomography requires the taking of a more or less large series of radio-
graphs demands that special consideration be given to the resulting radia-
tion exposure. Accordingly, the use of tomography should be decided
upon only after careful study by other radiographic techniques: it should
be restricted to cases in which it may be expected to add information of
practical value that cannot be obtained by simpler means. In addition,
tomographic study should be limited to the minimum area (field size)
and the number of tomograms taken should not be greater than are deemed
necessary to explore the organ or lesion of interest. To minimize exposure
of critical organs, the beam should be well collimated and adequate shield-
ing provided, and care should be taken to select the most suitable direc-
tion for the tomographic movement. Taking a number of tomographs
simultaneously with a miulti-section cassette can in some circumstances
give a smaller patient dose than exposure of the same number of films
sequentially. The multi-séction and single-section tomographs, however,
are taken under different conditions of exposure, and it has been suggested
that it is the use of the higher voltage in the multi-section technique that
is mainly responsible for the dose reduction. On the other hand, there
is no general agreement on the relative merits of the two techniques as
regards their diagnostic usefulness. The choice has therefore to be left
to the expert judgement of the radiologist and may vary according to
the requirements of the individual case.

4.4 Radiological examination of women of reproductive age

The specific considerations regarding radiography of women of repro-
ductive age centre on pregnancy or the possibility of pregnancy. It has
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to be borne in mind that in radiography of the abdomen during pregnancy,
the radiation dose is delivered to two individuals, the mother and the
foetus, and that the foetus is exposed to more or less whole-body irradiation.

In radiological examination of pregnant women, particular care
should be taken to avoid inclusion of the foetus in the primary beam if
the part to be examined does not necessarily include the woman’s lower
abdomen and pelvis. When primary beam irradiation of a foetus is
unavoidable, special consideration should be given to the need for the
study and to its urgency. If consistent with the patient’s best interests,
such examinations should be postponed until after delivery. The possi-
bility of unrecognized early pregnancy must be taken into account by
the attending physician when requiring radiological examinations, espe-
cially those involving the lower abdomen and pelvis. of women of repro-
ductive age. Examinations of this tvpe should preferably be carried
out during a period of ten days from the onset of menstruation, when
such choice is within good clinical judgment.

In later pregnancy, radiological examinations should be performed
only when strictly indicated; but they can sometimes be very important
at the end of pregnancy for obstetrical reasons. When there is a possi-
bility than an obstetrical examination may require several films, the exa-
mination should be carried out in stages and reviewed at intervals, so
that no more films than absolutely necessary are taken.

4.5 Radiological examination of children

In paediatric examinations, great care should be taken to use the
methods discussed in this report to reduce radiation dose. Not only
is the irradiated subject a young person, but the chances are that a much
larger fraction of the whole body may be included in the bzam. Since
children are often upset by the procedure, certain technical aspects call
for special consideration: specially trained personnel, well devised methods,
good premedication, etc.

As malformations or suspected malformations of urinary and/or
genital organs are a common indication for radiological examinations
in children, gonad protection and the choice of low-dose techniques are
of particular importance, as well as meticulous consideration regarding
the information required and the most rational means of obtaining it.

Radiological examination of the hip joints in newborn infants is
often requested for a suspected congenital dislocation. It has been shown
that the films permit a diagnosis of dislocation to be made only if at the
examination the hip is in the dislocated position; this can be ensured
by using a technique usually giving the so-called Ortolani sign. This
procedure should therefore be carried out first and radiological exami-
nation should follow the clinical observation as required and not be used
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as a routine method of examination. The new pathogenetic and thera-
peutic concepts relating to dislocation of the hip have rendered the need
for repeated examinations very small.

5. DIAGNOSTIC USE OF RADIOISOTOPES

The use of radioisotopes for purposes of diagnosis and clinical inves-
tigation does not so far constitute a general problem from the point of
view of public health. It is considered in this report, however, because
the field is rapidly expanding, and has potentially wide implications. Espe-
cially important are. scanning methods, which are rapidly increasing in
scope and variety and often involve the administration of fairly large
amounts of radioisotopes, not always paralleled by the diagnostic infor-
mation obtained.

It is important that expert knowledge should be available when radio-
isotope methods are contemplated and used, partly because of the special
. problems involved, such as differences in the biological behaviour of

different isotopes and in their patterns of distribution and excretion, and
partly because of the different physical properties of the various isotopes,
which may affect the results in various ways.

The adoption of any method should be preceded by a thorough study
in order to establish a complete estimate of the radiation. dose that will
result from the procedure. Account should be taken not only of the
particular isotope selected for use, but also its chemical form, the route
of administration, the physiopathological condition of the patient, the
possible modification of the metabolic behaviour of the isotope by medi-
cation, etc. '

Methods to minimize dose should always be kept in mind when plan-
ning isotope studies. In the first place it is necessary to choose techniques
that provide results of sufficient accuracy with small amounts of radio-
active material, and to employ equipment of high efficiency for the radia-
tion used. The choice of the most suitable radioisotope is important.
The doses delivered to those organs or tissues of the body that are most

- critical for the radioisotope selected for use should be carefully considered,
taking into account the effective biological half-life of the radioisotope
and the characteristics of the radiations emitted. Special care should
be taken in the use of bone-seeking isotopes, long-lived isotopes and
isotopes that give whole-body irradiation. In general, the radioisotope
with the shortest physical half-life should be preferred but no general
rules regarding this point can be laid down.

Some dose-saving may be achieved by measures to control distribu-
tion and/or excretion, as, for example, premedication with iodine to block
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the thyroid before the administration of radioiodine-labelled substances
for the study of organs other than the thyroid, and the administration
of dimercaprol (BAL) to speed up excretion of radiomercury after renal
scintigrams. ‘ ' '

When radioisotopes are used in pregnant women, radioactive material
may pass the placenta and reach the foetus. Exposure of foetuses,
children and young persons to radioisotopes should be restricted
because of a possibly higher sensitivity, the expectancy of future parenthood
and, more generally, because a long life expectancy means a longer time
for the eventual development of possible late effects.

6. THERAPEUTIC USES OF IONIZING RADIATION

The contribution of radiotherapy to the total amount of irradiation
received by the population as a whole is relatively low. It has been reported,
for instance, in the United Kingdom ! to account for only one-third of
the total genetic dose delivered to the population from medical radiology,
most of it coming from radiotherapy of benign conditions. Three types
of problem need consideration:

(a) choice of treatment,
(b) techniques of irradiation, and

(¢) general protection measures.

6.1 Choice of treatment

It is necessary to distinguish between benign and malignant condi-
tions.

6.1.1 - Malignant conditions

Radiotherapy is one of the principal methods of treating cancer,
and here the advantages far outweigh its inconveniences. The choice
of treatment should be entirely determined by its chances of success in
a given instance, and should take into account the characteristics of the
tumour, the general condition of the patient, and the facilities available.
The decision should be made by a clinician well aware of the possibilities
and limitations of surgery, chometherapy and, of course, radiotherapy.

1 Great Britain, Ministry of Health, Department of Health for Scotland (1960)
Second Report of the Committee on Radiological Hazards to Patients, London, H.M.
Stationery Office.
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6.1.2  Benign conditions

Radiotherapy is an efficacious method of treating some benign con-
ditions, and its value should not be underestimated. However, for many
of these conditions, good results may be obtained by other means, and the
decision must take into account not only the advantages and risks to
the patient himself but also the possible increase of the genetic burden
of the population. The genetic risk, for instance, would make one hesi-
tate to use radioactive iodine for treating hyperthyroidism in a patient of
child-bearing age, whereas for a patient over forty radioactive iodine
can be considered as one of the best therapeutic methods. The efficacy
of other methods of treatment should also be considered, and it is probable
that progress in medicine, such as the development of new and more effi-
cient antibiotics, antiparasitic and antirheumatic drugs, may gradually
restrict the field of application of radiotherapy for benign conditions.
Nevertheless, radiotherapy may always be resorted to should these other
methods prove ineffective.

The location of the lesion is another important factor that must also
be taken into consideration. If it is situated in a region where it is dif-
ficult to avoid irradiation of a critical organ, of a large amount of haemo-
poietic tissue, or—in young persons—of the gonads, radiotherapy
should be avoided, whereas for similar lesions in different locations the
use of radiotherapy is permissible. For instance, one would hesitate to
treat by radiotherapy a perineal lesion, or a rheumatic condition involving
the sacro-iliac joint or the coxofemoral joint, or an angioma of the eye-
lid, whereas furunculosis of the lip or a rheumatic condition of the sca-
pular joint could be treated by radiotherapy.

6.2 Techniques of irradiation

6.2.1 Malignant conditions

For radiotherapy to be effective, it is necessary to deliver a sufficiently
high dose to the tumour to give good likelihood of destroying the can-
cerous tissues; at the same time the dose to the surrounding healthy tissue
must not be too high because of the possibility of severe radiation injury.
For children or young adults, a difficult balance must be found between
the necessity of giving effective treatment and the desire to spare the grow-
ing tissue as much as possible. The problem of protecting the healthy
portions of the testis during treatment of seminoma is another example
of the critical need not to irradiate nearby tissue.

The plan of treatment, which includes such decision as target volume,
total tumour dose, total number of sessions, over-all time, and number,
size and direction of the beams, must be carefully worked out by the radio-
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therapist in collaboration with the hospital physicist. Furthermore, the
radiotherapist is responsible for the periodic examination of the patient
under treatment and for his medical care. Technicians and radiographers
play an important part in the day-to-day treatment. For a radiotherapy
centre to function successfully, the following conditions must therefore
be met:

(1) The medical staff must be competent and specialized.

(2) The hospital physicists must be familiar with the problems of
dosimetry, treatment planning and beam directioning, as well as résponsible
for the maintenance of equipment.

(3) There must be a sufficient variety of equipment to treat different
types of tumour and, in particular, a range of different energy radiation
must be available, from soft radiation for superficial lesions to highly
penetrating radiation for deep-seated tumours.

(4) The technicians and radiographers must be able to position the
patient correctly and to check the functioning of the apparatus during
the treatment.

Finally, one should mention that radiotherapy centres should be
established only where there are a sufficient number of patients to keep
the staff in good training.

It is obvious that even in the most developed countries the number
of centres that will meet these conditions may not be very large. One
must keep in mind that bad radiotherapy is more harmful than useful,
and’ that good radiotherapy requires considerable outlay in specialized
manpower and equipment. ' )

The practical problems of planning radiotherapeutic facilities for
malignant disease in different areas and conditions may involve many
compromises short of ideal goals. Those involved in such planning
should survey their resourses in trained manpower and equipment, and the
potential for supplementing and adding to them. They should also con-
sider the special and general distribution of malignancies of different
types and stages within the population to be served. Under certain cir-
cumstances, it may be necessary to place immediate emphasis on less ela-
borate facilities of wider distribution while striving for the development
of more elaborate and expensive centres. Such factors as transportation,
bed capacities of hospitals, patient comfort and convenience, and other
sociological aspects may complicate the decisions.

For instance, the fatigue and inconvenience caused to the patient by
the treatment, as well as the expense to the patient and the cost to the
community, may have to be balanced against the chance of curing the
disease. If one can hope for a complete recovery, it may then be legit-
imate to bring the patient to a highly specialized centre even at the cost
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of a long and tiring journey; if one can foresee only temporary relief it
may be better to carry out the treatment at a less well-equipped centre
closer to the patient’s home. C

6.2.2 Benign conditions

Benign conditions can usually be treated in centres with much sim-
+ pler equipment. Indications for radiotherapy and the decision to treat
must be carefully considered by an experienced radiotherapist. The
most important technical point is then to avoid unnecessary irradiation of
healthy tissues, especially critical ones such as the bone marrow, the eye
and the gonads. This can be achieved by many means:

(@) By carefully choosing the direction of the beam, and limiting
the field size as much as possible. Accurate positioning and limitation
of the X-ray beam are facilitated by the use of cones, diaphragms, and
light-beam devices. ‘

(b) By protecting the critical organs, especially if they are included
in the field, as, for instance, by the use of gonad shields. The positioning
of the patient is a further important factor for obtaining maximum dis-
tance between the field and the critical organs, especially when patients
are treated in a seated position.

(¢) By choosing X-rays whose energy is such that the surrounding
tissues receive the smallest possible amount of radiation. - This is espe-
cially important for cutaneous conditions, the treatment of which, in the
United Kingdom,! accounts for more than half the total genetic dose from
the radiotherapy of non-malignant conditions. In the case of external
irradiation, the energy and depth dose of the X-rays should be propor-
tionate to the thickness and situation of the lesion, and very soft X-rays
are often of great use. For instance, it has been pointed out that mea-
sured ovary doses lie between 1 %, and 8 9 of the skin dose when the tis-
sue half-value depth lies between 4 and 12 mm, implying an ovary dose of
up to 24 rad for a skin dose of 300 rad. Radiation qualities giving a tis-
sue half-value depth not greater than 1 mm are recommended by several
authors for benign skin lesions. For superficial radiotherapy by radio-
isotopes, beta emitters are sometimes preferable to beta{-gamma emit-
ters. A factor that may be of importance for deep-seated tumours is
the size of the penumbra and the amount of scattered radiation. High-
energy X-rays may sometimes be used even for benign disease in order
to ensure good protection of a nearby critical organ.

1 Great Britain, Ministry of Health, Department of Health for Scotland (1960)
Second Report of the Committee on Radiological Hazards to Patients, London, H.M.
Stationery Office. : )
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(d) . By good maintenance of the equipment. Light-beam devices
and diaphragms must be checked periodically in order to ensure that the
irradiated field corresponds to the intended one. Dosimeters must be
calibrated for the radiation used, and periodically checked to ensure that
the doses delivered are accurate. :

6.3 General protection measures

Protection measures for radiotherapy will be mentioned only briefly,
since they are more fully considered in other reports.!

6.3.1 Radiotherapy by external beams

- The protection problem in this case is relatively simple. The gene-
rators and the premises should be checked in order to ensure that under
no conditions could a dose in excess of the maximum permissible dose be
received. Personnel monitoring is highly desirable. Neither increases
in salary nor longer holidays or shortening of working hours can com-
pensate for lack of protection.

6.3.2 Interstitial and intracavitary therapy (internal sealed sources)

Protection problems are more difficult in this case, as the source of
radiation is inside the patient. Personnel monitoring is then a necessity.
The medical staff and the technicians must be very experienced and well
trained in protection matters. The distance between beds must be such
as to avoid over-exposure of other patients, especially those who are not
treated with radiation. The premises must facilitate the work of the
nursing staff, and when necessary, movable or permanent shields should
be used. The use of after-loading techniques can facilitate and accelerate
the placing of the radioactive material. The use of gamma emitters of
medium or low energy may assist in solving the protection problems asso-
ciated with storage, transport and placing.

6.3.3  Metabolic radiotherapy

The main problem relates to the radioactivity of the excreta and
the consequent possible contamination. Whenever the quantities of

1 International Commission on Radiological Protection (1960) Report of Commit-
tee 111 on Protection against X-rays up to Energies of 3 MeV and Beta- and Gamma-Rays
from Sealed Sources, London, Pergamon Press (ICRP Publication 3); International
Commission on Radiological Protection (1964) Recommendations. .. (as amended 1959
and revised 1962), London, Pergamon Press (ICRP Publication 6), wid Hlth Org
techn. Rep. Ser., 1960, 196; Wid Hith Org. techn. Rep. Ser., 1963, 254.
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radioactive materials given to the patient are high, the patient should be
isolated in a specially equipped room.

In the case of interstitial and metabolic therapy, the question of the
protection of people visiting the wards should be kept in mind. The
length of visits may have to be restricted, in particular for children.

7. TRAINING OF RADIOLOGICAL STAFF

One of the most important factors that would ensure safety in the use
of all types of ionizing radiation, whether for diagnosis, treatment or
mass examinations of the population, is a high standard of qualifica-
tions of those applying these methods. In this regard the training of
specialists in various categories is of particular importance. In medical
institutions, work in the field of radiology is carried out in general by two
main categories of staff: (a) radiologists and medical technicians and
(b) physicists and engineers. The work of both groups is connected with
the use of radiation, but the extent of knowledge required is different.

7.1 Radiologists

Clearly the highest degree of knowledge is required of a qualified
radiologist. In medical schools, radiology should be an integral part of
the undergraduate curriculum. The student must be provided with general
information on the physical and biological features or radiation, on its
somatic and genetic effects, on the principles of its use in’diagnosis and .
treatment, and in general terms on contemporary trends and developments
in radiology. This information must be sufficient to enable the physician
to understand what he can expect from radiology, and to enable him to
direct his patient to those more qualified in the field of radiology. How-
ever, information at this level is completetly inadequate as a postgraduate
qualification for a radiologist.

The radiologist is a specialist who must have a large amount of detailed
knowledge on the physical aspects of radiation and dosimetry, as well
as on questions of a technical nature relating to apparatus, screens, films,
auxiliary equipment and instruments, etc. He must be familiar with the
latest methods of using radiation for diagnosis and treatment, many of
which are very complex, and be well acquainted with protective measures
for safeguarding the patient and the medical technician. This knowledge
can be imparted .to the physician only through special training. The
methods and length of such training may differ according to local require-
ments, and may vary from one country to another. They depend on
particular conditions in each country or region, on the total population
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in relation to the number of physicians available, on the required number
of* radiologists, and on the existence of an adequate supporting structure
to provide the necessary staff, equipment and facilities. The amount of
knowledge required of a specialist radiologist today is so great that inten-
sive training over an extended period is necessary.

'On completion of this specialized training, the physician should be
provided with a diploma qualifying him to work as a radiologist and to
take full responsibility for the safety of his patients undergoing radio-
logical examination or treatment. However, medicine and especially
radiology are continuously and rapidly changing, and new methods and
techniques are being introduced. The qualified radiologist must keep
abreast of these developments through short refresher courses, practical
training at advanced centres, and international meetings.

Because of its proved effectiveness in diagnosis and treatment, radia-
tion is being used more widely in many fields of medicine. Moreover,
radiological methods of investigation are now being used by specialists
in other fields. For example, the chest physician, the heart specialist,
the urologist and the stomatologist all use X-ray methods to various extents.
But, because they are not themselves specialist radiologists, they may
not be aware of all the refinements in technique and the many other spe-
cial problems of application and interpretation. It is likely, therefore,
that adequate measures for protecting the patient are not always applied.

In principle, it would be desirable for all radiological procedures to
be conducted by radiologists. However, because of the lack of an ade-
quate number of medical staff generally, and of specialist radiologists
in particular, medical specialists in other fields may find themselves obliged
to carry out such investigations. Provision should be made for such phy-
sicians to take a special training course in radiology. The length of such
a course will necessarily be shorter than that required for a specialist radio-
logist. Nevertheless, they must be provided with information on phy-
sical, biological and technical problems, as well as on radiation safety.
Any specialists who lack this special training should not engage in radio-
logical work.

7.2 Medical technicians

Medical technicians act as assistants to the radiologist, and play a
very important part in radiation protection during diagnostic investiga-
tions and radiation treatment. They ensure the correct operation of all
the X-ray apparatus, instruments and auxiliary devices. They prepare
and carry out, on the doctor’s instiuctions, many X-ray diagnostic pro-
cedures, taking and processing radiographs and preparing and position-
ing patients. However, their work should always be controlled and super-
vised by the radiologist. R S
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Since technicians are in direct contact with patients and are carry-
ing out medical procedures, the qualifications of this category of staff
are of special importance and they must be given adequate education
in the relevant medical and technical subjects before they can specialize
as X-ray technicians. These technicians can be trained by means of spe-
cial courses and practical training in well-equipped X-ray departments
where all forms of radiological examinations are carried out and modern
methods of radiation therapy are applied. The training programme should
include both a theoretical course (including the biological effects of radia-
tion, occupational hygiene and radiation protection), as well as the study
of the design and operation of apparatus, measuring instruments and auxi-
liary devices.

In carrying out various therapeutic and diagnostic radiological pro-
cedures with the use of radioactive isotopes, a responsible part is played
by technicians and nurses. For this reason, nurses employed in radio-
logical departments also require special training, either through special
courses or by working in large radiology departments. The nurse should
be given a general knowledge of the fields of radioactivity, dosimetry, and
radiation protection, and instruction in the use and safe handling of radio-
active materials. Radioisotope technicians should be given training in
relevant subjects to the same level as the X-ray technicians.

7.3 Physicists

A key role in all medical uses of ionizing radiation is played by the
physicist. His responsibilities include the establishment and maintenance
of accurate methods of dosimetry for both therapeutic and protection
purposes, and the development of physical techniques for the many uses
of radioisotopes. His special knowledge of radiation and electronics
finds many applications in diagnostic radiology, and is essential to the
development of image-intensification and image-storage techniques. The
physicist enters the medical field as a graduate in science, and therefore
needs to have not only education in the application of physics to medicine
but a background of medical knowledge itself. In some institutions
this is accomplished by special courses, usually leading to higher univer-
sity degrees or diplomas, which include instruction in radiation physics,
~ in physics as applied to radiotherapy and to the use of radioisotopes, in
the medical applications of electronics, and in the general principles of
anatomy, physiology and radiobiology. Special courses are available
in many countries on such topics as' radioisotopes and the physics of radia-
tion protection. ' Visits to a number of institutions to gain first-hand expe-
rience of a wide variety of radiological practices can be a valuable part
of a physicist’s training. Postgraduate education along these lines, which
can often take place during an initial probationary period of employment,
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enables the physicist to become an effective collaborator with the radio-
logist in the practice and advancement of the medical use of radiation.

7.4 Engineers

The development of radiology depends not only on improvements
in technique, but also on developments in apparatus and in allied fields
such as electronics and mechanics. Since most medical personnel are
unacquainted with these technical aspects, they require the services of
engineers from these other fields to make full use of sophisticated apparatus
and to maintain equipment. It is desirable, therefore, to have engineers
permanently employed in radiological departments. It is necessary that
these engineers also acquire some specialized knowledge of radiological
physics and the elementary medical aspects of radiology.

8. SUMMARY

The WHO Expert Committee on Radiation considered the problems
relating to the efficient and safe uses of ionizing radiation in medicine,
taking into account the possible somatic and genetic risks associated
with the doses at present delivered during radiodiagnosis and radio-
therapy. These risks, when compared with the diagnostic and therapeutic
value of these procedures, were estimated to be small, provided that radio-
logical procedures are carried out with the indicated precautions. The
Committee studied the methods available for reducing doses during radio-
logical examinations and emphasized that these doses can very often
be considerably lowered without diminishing the amount of medical
information provided. A similar conclusion was reached with regard to
the diagnostic uses of radioisotopes. In radiotherapy also, especially
the radiotherapy of benign conditions, a substantial reduction of popula-
tion dose can be achieved by careful selection of patients and by a constant
preoccupation with the safeguarding of healthy tissue.

The Committee alse considered the responsibility of the public health
authorities for giving due attention to the benefits and risks of the medical
use of ionizing radiation and for taking all measures required to obtain
the maximum benefit with the minimum of risk.

Finally, the Committee reviewed different aspects of the training of
medical and paramedical personnel and concluded that education
and research were essential elements in achieving the best use of ionizing
radiation for medical purposes.
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- 9, CONCLUSIONS AND RECOMMENDATIONS

(1) Medical radiology. In medical radiology, the available personnel,
equipment and facilities should be so utilized that, when all possible pro-
cedures, including non-radiological procedures, have been considered, the
most relevant’ information and the greatest bznefits to the health of the
public will be ensured.

(2) Radiation dose to the patient. Tdeally, all medical uses of ionizing
radiation should conform to the principle that the greatest value, in terms
of relevant diagnostic information or of therapeutic effect, should be
obtained with the smallest reasonable dose to the patient.

(3) Dose reduction. Every effort should be made to reduce the
‘radiation doses received by patients and persons examined, with special
regard to gonadal and bone-marrow irradiation.

(4) Means for dose reduction. The greatest contribution to the
genetic and somatic dose received by the population arises from the diag-
nostic use of X-rays. A few types of diagnostic examination, including
those of the lumbar spine, pelvis, hip and femur, as well as barium enemas
and examinations of the gastrointestinal tract, the abdomen and the uri-
nary tract, contribute together about 80 %, of the genetic dose. Radio-
therapy probably contributes between one-third and one-tenth of the dose
contributed by X-ray diagnosis. The main emphasis must therefore be
on measures to reduce the dose in diagnostic radiology.

(5) Education. Radiological work should be done only by personnel
specifically trained in the use of radiation techniques. For physicians
doing any kind of radiological work, proper postgraduate training is
necessary, with special regard to the indications and usefulness of various
procedures. The training of all personnel should be appropriate to the
radiological procedures to be used. In all cases, however, the personnel
should be conversant with radiological protection, especially those aspects
of it that concern the reduction of dose to the patient, as well as those
that relate to the protection of the operator and others near the radiation
source.

(6) Clinical indications. There should be a clear-cut clinical indica-
tion for every radiological procedure, supported by information on pre-
vious diagnostic examinations or other radiation procedures. In diagnostic
radiology, the radiologist should be supplied with all relevant clinical
data as a necessary basis for the planning of the radiodiagnostic procedure.

(7) Public health planning. It is the responsibility of health autho-

rities to institute plans, suited to the local circumstances, for avoiding
unnecessary exposure of persons to ionizing radiation. These plans
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should include proper integration of the different radiological services at
their various levels, in order to ensure the adequacy of protective measures.

(8) Women and children. In the examination of pregnant women,
special care should be taken, wherever possible, to avoid direct irradiation
and to minimize indirect irradiation of the embryo or foetus. Radiological
examinations that include the lower abdomen and pelvis and that are not
of immediate importance for clinical action should be postponed to the
second half of the pregnancy, or, if possible, until after delivery. In non-
pregnant women of reproductive age, such examinations should preferably
be undertaken within the first ten days after the onset of menstruation.
In the case of small children, it is :particularly important to avoid any
irradiation that cannot be expected to aid substantially in the medical
care of the patient.

(9) Mass radiological surveys. Mass radiological surveys and routine
repetitive examinations for other purposes should be undertaken only
after careful planning, with an attempt to balance risk against gain for
the specific circumstances. If children or pregnant women are examined
by photofluorographic methods, special care should be taken to limit
the beam size and to avoid any possibility of direct irradiation of the
gonads or the foetus. Ordinary radiographic procedures may be pre-
ferable to photofluorography.

Adequate equipment is necessary; it should include a device for
reducing the beam size when examining children or adults of small stature.

(10) Limitation of the X-ray beam. Care should always be taken
to avoid superfluous irradiation, and to reduce the irradiation of regions
outside that part of the body being examined or treated. In addition
to limitation of beam size, attention should be given to such factors as
filtration and beam direction. ’

(11)  Fluoroscopy. Fluoroscopy should not be used as a substitute
for radiography. FExcept in special circumstances, it should not be used
as an expedient to save the cost of film and processing facilities. When
radiographic methods can furnish the desired information with lower
doses, they should be employed in preference to fluoroscopy, which should
be reserved for those situations where its unique advantages are relevant.
The use of fluoroscopy for survey purposes should, wherever possible,
be abandoned.

When fluoroscopy is indicated, the area of the X-ray beam should be
as small as possible, optimal technical factors should be chosen, and pre-set
timers, with limitation of tube current, should be used to avoid inadvertently
prolonging examinations. Proper dark adaptation of the examiner
is needed for conventional fluoroscopy. The development of image-
intensified fluoroscopy has great potential for the future, but within the
scope outlined in section 4.1 and the limitations of expense and maintenance.
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(12) Dark-room facilities. The provision of good dark-room facilities
is essential if good-quality radiographs are to be obtained without the
need for repeated exposure; this entails complete light-proofing and adequate
shielding of the dark-room, proper processing facilities (mcludlng safe-
lights, thermometers, etc.), and careful processing techniques.

(13) Maintenance of equipment. Regular maintenance and testing
of all radiological equipment is essential for its safe and reliable use, and
the responsible authorities should make appropriate arrangements for
this work to be carried out and supervised.” The special items that should
be regularly checked include: electrical and mechanical equipment, dark-
room facilities, fluorescent and intensifying screens, tube shielding, collimat-
ing and locating apparatus, and the alignment of the X-ray beam. Portable
and mobile X-ray machines need particularly careful maintenance. All
equipment associated with the measurement of radiation should be correctly
calibrated for the radiations used and regularly tested.

(14) Radiotherapy and radioisotopes. Radiation treatment should be
undertaken only after careful consideration of previous radiological his-
tory. The planning of the treatment should always be based on accurate
dosimetric study, not only of the lesion but also of healthy tissues and
critical organs.

Indications and techniques for the radiation treatment of benign con-
ditions should be carefully evaluated, especially in the case of young sub-
jects, and the question of genetic dose must also be taken into account.
It is desirable that radical radiotherapy of cancer be carried out in highly
specialized centres. The dosimetric aspects should be carefully evaluated
before any diagnostic or therapeutic use of radioisotopes.

(15) Research. The continued development of apparatus and
techniques to give optimum results using the lowest possible radiation
dose depends on the collaborative efforts of radiologists, physicists, engi-
neers, and manufacturers. This collaboration should be strongly encou-
raged and supported. '

(16) Practical measures. The Committee is of the opinion that the
following simple practical measures, which are often overlooked, can bring
about substantial reducticns in the dose to the patient in the diagnostic
use of X-rays, and therefore recommends their early implementation.

(@) Beam limitation. The X-ray beam used in diagnostic
radiology should be the smallest that will permit the required
examination to be carried out.

(b) Filtration. A filter equivalent to at least 1 mm of alumi-
nium should be fitted to all diagnostic X-ray tubes operating up to
about 70 kVp, in addition to the inherent filtration. With X-ray



FIFTH REPORT 37

tubes operated above 70 kVp, the additional filter should be equi-
valent to at least 1.5 mm of aluminium.

(c) Film processing. Sound radiological practice should be
matched by correct dark-room procedures.
(d) Radiological techniques. Adequate supervision of all radio-

logical procedures should be regarded as a prerequisite for safe
and effective radiology.



Annex

RECOMMENDATIONS ON EQUIPMENT AND
OPERATING CONDITIONS

X-Ray Medical Diagnostic Installations

The following recommendations are reproduced from a report published
by the International Commission on Radiological Protection : 1

General Requirements

(36) A diagnostic-type protective tube housing shall bs used.

(37) Apertures, cones or shutters which serve to limit the useful
beam should afford the same protection as the tube housing.

(38) The permanent total filter should be determined by the highest
voltage of the X-ray apparatus. Equipment with a maximum operating
potential above 70 kV should have a permanent total filter equivalent to
at least 2 mm aluminium. Equipmznt with a lower maximum operating
potential should have a permanent total filter equivalent to at least 1.5 mm
aluminium.

(39) A dead-man type of exposure switch should be used where
practicable.

(40) The dose-rate outside an X-ray high-tension generator contain-
ing rectifying valves shall not exceed 20 mr in 1 hour at 5 cm from the
surface and 2 mr in 1 hour at any readily accessible place in occupied
space within a controlled area. Should the generator be situated outside
the controlled area, it may be necessary to reduce these dose-rates. . .

(41) Persons who regularly work in the radiological department
should not hold patients during diagnostic examinations. If necessary,
children should be held by their parents or by the persons accompanying
them. Such persons should be protected, particularly with respect to
the gonads and the hands. Motion-restricting devices should be used as
much as possible and cassettes shall never be held by hand during an
exposure.

(42) The dose to the patient, especially the integral and gonad dose,
should be restricted as much as possible consistent with the clinical
requirements. . .

1 International Commission on Radiological Protection (1960) Report of Com-
mittee III on Protection against X-Rays up to Energies of 3 MeV and Beta- and Gamma-
Rays from Sealed Sources, London, Pergamon Press (ICRP Publication 3).

38 —
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(43) No persons shall occupy the X-ray room unnecessarily during
irradiation.

Fluoroscopy

(44) Tube, aperture and fluorescent screen should be arranged
together in such a manner that, under normal conditions of use, the use-
ful beam cannot fall outside the screen.

(45) The fluorescent screen shall be covered with a protective glass
sheet having a lead equivalent of at least 1.5 mm for 100 kV. From 100
to 150 kV an additional lead equivalent of 0.01 mm per kilovolt is required.
In arriving at these values the Committee has taken into account the
attenuation provided by the patient.

(46) A switch for controlling the X-ray beam should be provided
at the fluoroscopic position.

(47) A manually reset cumulative timing device should be provided
which will either indicate the total time of irradiation or terminate irradia-
tion when the total time exceeds a previously determined limit.

(48) The focus-skin distance should not be less than 45 cm (18 in)
and shall not be less than 30 cm (12 in).

(49) Al couches and stands for fluoroscopy should be provided
with an adequate arrangement for protecting the operator and the assis-
tants against scattered radiation, particularly from the patient and the
underside of the table top. This may take the form of an “ apron * which
should be not less than 45 cm (18 in) wide and 45 cm (18 in) long and
should be made of protective material having a lead equivalent of not
less than 0.5 mm. It should be attached to the lower edge of the screen
holder when the screen is horizontal. A separate protective apron or
fixed shield may be attached to the side rail of the couch for use when the
screen is horizontal. The apron may consist of several overlapping parts
to facilitate palpation.

(50). Image intensifiers should afford protection at least equivalent
to 1.5 mm lead for 100 kV. From 100 to 150 kV an additional lead equi-
valent of 0.01 mm per kilovolt i§ required.

(51) The so-called “ hand fluoroscope * shall not bz used.

(52) Notwithstanding that the X-ray equipment conforms in every
respect to the requirements of these recommendations, it is usually neces-
sary, during fluoroscopy, to wear protective aprons or coats in order
that the maximum permissible doses are not exceeded. In all normal
fluoroscopic work the lead equivalent of protective clothing should not
be less than 0.25 mm.
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(53) Protective gloves having a lead equivalent of not less than
0.25 mm should be worn during each fluoroscopic examination. These
should cover the whole hand, including back, palm, fingers and wrist.

(54) Before a fluoroscopic examination is begun the eyes must be
sufficiently dark-adapted. . In order to work with the lowest possible dose-
rate, the adaptation period should be at least ten minutes.

Radiography w1th fixed equtpment

(55) The X-ray exposure should be controllable from the control
panel only, except in the case of special techniques when it is necessary
to control the exposure from the couch or stand. In such special tech-
niques it may be necessary for the personnel to wear protective clothing
as specified in paragraphs (52) and (53).

(56) The patient shall be observable from the control panel.

(57) The provision of a light-beam localizer for indicating the cross-
section of the useful beam is recommended.

(58) During an exposure, the operator should be adequately pro-
tected. This may be achieved where necessary either by providing a
shield within the X-ray room or by placing the control panel outside
the X-ray room behind an adequately protected wall.

(59) The simultaneous examination of more than one patient in the
same room involves unnecessary hazards for both personnel and patients
and is not recommended.

Mobile equipment

- (60) All mobile equipment shall be provided with collimating cones
or collimating diaphragms and spacer frames, to ensure that the focus-
skin distance is not less than 30 cm (12 in) and that the useful beam is
limited to the minimum size required for the examination.

(61) The use of a light-beam localizing device is' recommended.

(62) The minimum distance of the operator from the tube and
patient should be 1.5 m. The operator shall not stand in the useful beam
and shall make certain that it does not irradiate other persons who may
be in the vicinity.

(63) Fluoroscopy should not be used unless the requirements of
paragraphs (44) to (54) are satisfied.

Photo-fluorography ( mass radiography )

(64) A colhmator shall restrict the useful beam to the area of the
fluorescent screen and the beam should also be limited to the minimum
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consistent with the clinical requirements. The use of a light-beam localizer
is recommended for this purpose.

(65) The equipment shall be so arranged and shielded that all per-
sonne] associated with the procedure are adequately protected during
routine use without the necessity for protective clothing.

(66) In order to minimize the population dose, consideration shall
be given to the protection of persons awaiting examination.

(67) The use of high-speed optical systems, which enable the dose
to the patient to be reduced, is recommended.

Dental radiography

(68) Localizing cones shall be employed with all dental equipment.
Such cones shall provide the maximum practicable focus-skin distance
and the minimum practicable field size. '

(69) A timer shall be provided to terminate the exposure after a
preset time.

(70) Installations operating up to 70 XV should be so arranged
that the operator can remain at least one metre (70 kV and over — at
least 1.5 m) from the tube and patient. Even under these conditions,
for more than 30 mA-min per week, protective screens having a lead equi-
valent of not less than 0.5 mm should be used.

(71) Consideration should be given to the provision of structural
shielding in order to protect persons in adjacent areas. This is particularly
necessary when more than one dental unit is located in close proximity.

(72) Whenever possible, the film should be fixed in position; other-
wise it should be held by the patient or, exceptionally, by a person who
is not occupationally exposed to radiation. It should never be held by
the dentist or his staff, who should under no circumstances be exposed
to the useful beam.

(73) The tube housing should not be held by hand during exposure.

(74) Fluoroécopy with dental equipment is dangerous and shall not
be used.
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