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The essential aim of modern systeuls 'for the delivery of health care 

is to ensure that optimum' ·health services are made available to all 

members of a population. Such systems are of necessity composed of both 

simple and extremely complex mechanisms, the latter involving intricate 

technology, highly trained personnel and highly specialized equipment. 

Although all citizens of the world have a right to basic health 

services, it is well known that, for the time being, large segments of 

the world's population dO not yet, in reality, have access to such care. 

Formidable constraints still exist; in many Cases communities which 

theoretically have health care coverage are in reality deprived of their 

share of such services. 

One of the principal barriers to achieving comprehensive health care 

is to be found in' an inappropriate approach to the problem, from both the 

technological and planning angles. This is particularly true in 

developing countries. Health expenditure devoted to national health 

services is neither optimally nor maximally utilized. Present global 

figures indicate the approximately 40% of all SUch investment goes into 

specialized care, 45% into hospital services and a mere 15% into primary 

health care: only some 15% of citizens benefit from the 85% of health 

service investment,- while "beneficiaries of primary health care receive 

only 15% of that investment. 
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In the Eastern Mediterranean Region, the situation seems to be better 

than the global one. Data collected for Monitoring Progress towards 

Health for All by the Year 2000 indicate that the average "percentage of 

national health expenditures devoted to local health care" for the eleven 

countries in the Region that .could provide some figures was 33%. Even 

this is still far from the ideal situation, 

II. DIAGNOSTIC RADIOLOGY 

Radiological services 

branches of a developing 

are certainly among 

country's health care 

the least developed 

system. Data on the 

coverage of the population with X-ray machines and radiological personnel 

were compiled by WHO from 89 countries in five regions in 1979 [11. The 

data obtained were not complete but they gave an adequate picture of 

coverage with radiological services at the time of collection of 

information. 

It is considered that the avaqability of one X-ray machine for a 

population of 50 000 or less represents good coverage, one machine for 

51 000-100 000 represents poor coverage, anll one machine for· more than 

100 000 represents very poor coverage. Of th, 89 countries surveyed, 

with a total population of 1.1 billion, 60% were in the gr!>up with poor 

coverage, 20% in the group with very poor coverage, while only 20% had 

sufficiently organiz"ed diagnostic X-ray services. 

The situation regarding radiological personnel is similarly 

unsatisfactory. If one X-ray technician (MRT) 
1 

for a population of 

50 000 or less is considered as good coverage, one MRT for 51 000-100 000 

as poor coverage, and one MRT for more than 100 000 people as very poor 

coverage, then of 73 countries surveyed, with a total population of 1.36 

billion, 20% fall in the group with good coverage, while 55% and 25% fall 

in the poorly and very poorly served g.oups, respectively. 

The coverage by diagnostic radiologists is much worse. There ar~ 

countries where there is not even one radiologist available. If 

1 MRT: Medical radiology technician 
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the presence of one radiologist for a population of 250 000 or less 

represents good coverage, one radiologist for 251 000-500 000 represents 

poor coverage, and one radiologist for more than 500 ·000 people 

represents very poor cover'age, then of 68 count-ries, with a population of 

684 million, 30%, 25% and 45% fall in the well, poorly and very poorly 

covered groups, respectively. 

If the data are considered on the basis of the total world 

population, a rough global assessment of the present status of 

radiodiagnostic services indicates that there is very poor coverage for 

approximately 1.5. billion people, poor coverage for 1.1 billion, and 

acceptable and good coverage for ap-proximately 1.2 billion. 

II-I. Situation in the Eastern Mediterranea-n Region 

In 1979,. the 'overall situation in the Region with regard to coverage 

was worse than the world average. This can be seen in the Table I, which 

compares the data both on a country and on a population basis. 

TABLE I AVAILABILITY OF DIAGNOSTIC RADIOLOGY 

A. By country 

X-ray machines 

Technicians 

Radiologists 

SERVICES BY COUNTRY AND POPULATION (1979) 

Good coverage 

Global EMR 

55% 45% 

50% 25% 

45% 30% 

Poor coverage 

Global EMR 

20% 30% 

20% 35% 

10% 25% 

Very poor coverage 

Global EMR 

25% 25% 

30% 40% 

45% 45% 
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B. By population 

X-ray machines 

Technicians 

Radiologists 

Good cove'rage 

Global EMR 

20% 15% 

20% 10% 

30% 10% 

Poor coverage 

Global EMR 

60% 35% 

55% 40% 

25% 30% 

Very poor coverage 

Global EMR 

20% 50% 

25% 50% 

45% 60% 

Since 1979 considerable advances have been made in the Region in this 

field. Available information indicates that, in 1982, the situation with 

respect to technicians has seen significant shifts from poor and very 

poor coverage to good and poor coverage, respectively (Table II). 

(Up-to-date information with respect tp X~ray machines and radiologists 

received from Member States after finalization of this paper is presented 

in Annex I.) 

TABLE II - AVAILABILITY OF RADIOLOGY TECHNICIANS IN 1982 

Coverage Good Poor Very poor 

Country basis 65% 20% 15% 

Population basis 45% 25% 30% 

III. PRIMARY CARE RADIOLOGY 

About half the population of many countries in the Region live in 

rural areas. In these countries, about half the rural hospitals do not 
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have X-ray facilities. Among the reasons for this deficiency are the 

high cost and sophistication of radiological equipment, requiring the 

services of specially trained technicians, and the high standard of 

training required for a radiologist, none of which a rural hospital can 

afford [2]. 

The majority of health problems of rural populations derive from 

trauma and infectious diseases. Treatment for the majority of ills is 

possible at a local hospital or clinic, provided the correct d~agnosis 

can be made. It is cheaper and more efficient to treat the patient close 

to home than to refer him to a major hospital for a relatively simple 

condition. For example, a fracture iDDDediately diagnosed by radiography 

at a nearby health facility can be quickly realigned and treated, 

progress can be checked, and the patient can be made fit for work, with a 

minimum of disability, more rapidly than if he had been referred to a 

larger centre Some distance away. Only fractures that are not 

progressing well or are really difficult to set need such referral [3]. 

As a further example, the diagnosis and treatment of chest diseases 

when guided by radiography are much mOre accurate and effective than when 

only a stethoscope is available. Chest infections, such as pneumonia and 

tuberculosis, are common causes of acute and chronic ill health and 

recurrent illness. Tuberculosis, in particular, is a common disease with 

public health and economic significance. Radiography permits a 

distinction to be made between simple pneumonia and tuberculosis, 

followed by accurate treatment of either 

the spread of the disease and improves 

population. 

condition. Such care 

the general health 

reduces 

of the 

At the moment, about two-thirds of the people of the world cannot be 

X-rayed when they fracture a limb or develop a cough; the above examples 

exemplify the two conditions, trauma and infection, which account for the 

greater part of ill health. 

Simple X-ray procedures, 

inexpensive equipment, would 

developing countries without 

i.e. without fluoroscopy, with relatively 

satisfy 90% of the radiological needs of 

loss of quality of services. Equally 

important, these also account for more than 80% of all X-ray procedures, 
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even in large university hospitals or other medical centres everywhere. 

Money invested in X-ray installations will be recouped OVer the years by 

rapid diagnosis and more efficient treatment. This represents shorter 

hospitalization, no need for referral to another hospital, resulting in 

not only financial savings, but also an increase in competence and 

quality of care offered by local hospitals. In addition, on a national 

scale, it represents overall improvement in community heal~h and progress 

in public health. 

IV. DIAGNOSTIC RADIOLOGY AS PART OF THE HEALTH DELIVERY SYSTEM 

Diagnostic radiology faces serious difficulties in most of the 

so-called Third World countries, and even in some which are considered 

"developed". Lack of equipment and shortage of trained staff are among 

the crucial handicaps impeding progress. Such constraints are mainly 

caused by economic factors, e.g. the initial outlay involved in providing 

sophisticated equipment and the high cost of maintenance, assuming that 

proper maintenance facilities are available, which is often not the case. 

The phi losophy of primary health care (PHC) , now recognized as the 

key to Heal th for All by the Year 2000 (HFA/2000), cannot be translated 

into reality without certain pragmatic steps being taken. Among other 

things, PHC must have sound support in the form of appropriate technology 

in all health fields. This, of course, includes diagnostic radiology. 

The question is: How best are these appropriate and pragmatic measures 

effected? 

Appropriate services are evolving in the field of diagnostic 

radiology on pragmatic lines that have been suggested by WHO. As part of 

this evolution, three levels of diagnostic measures are being suggested 

for a health delivery system [1]. They are the basic radiological system 

(BRS), the general purpose radiological 

specialized radiological service (SRS) [1,4]. 

service (GPRS) and the 

These three components may 

be visualized in the form of a pyramid. At the base, we find the basic 

radiological services (also referred to as the "basic radiographic 

system") • At mid-level, we find the general purpose radiological 
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services, and at the top the highly specialized forms of diagnostic 

radiology. These three levels will be considered individually. 

The BRS or base-level service's function is to provide simple 

radiographic examinations. Every person should have access to it for the 

diagnosis and follow-up of various disorders. In developing countries, 

these basic X-ray facilities will mainly be used in connection with the 

treatment of local endemic diseases, with maternal heal th and with the 

treatment of common diseases and injuries. Of the eight essential 

elements of primary health care, the components that include diagnosis 

and treatment of disease will be influenced by the X-ray technology 

available. Both the equipment itself and the techniques involved must be 

simple and economical, both in terms of manpower and finance. However, 

to make the ideal of accessibility to all realistic, BRS facilities will 

have to be much more widespread than they are at present. The 

underserved and underprivi leged in this, as in so many other domains, 

comprise the rural populations and urban-fringe dwellers. Coverage must 

be extended to these areas, and also to nomad communities; no 

individual, however remote, should be cut off from such basic care. 

The ~PRS or mid-level service acts essentially as a liaison between 

the upper and base levels, and serves as a referral centre for more 

complex diagnosis and/or treatment. Patients may either be dealt with at 

this level or referred in turn to the most highly developed level. The 

GPRS should also provide supervision for the BRS level. 

The SRS or upper level service provides the most advanced care, and 

its services include the most up-to-date technology. Such centres are 

usually located in university and/or central specialized hospitals. 

Although patient care is the priority task, these highly specialized 

units may - and should be - actively engaged in research and training. 

The health care delivery system should be so arranged that the 

upper-level resources can be used to serve patients referred by other 

levels. However, this rarely is the case in practice. Under existing 

conditions, various constraints restrict such clear-cut functioning. 

They may include a lack of appropriate organization - and even the 

absence of the lower-level services. It is not uncommon, in developing 
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countries, for SRS units to he overwhelmed by patients needing the 

simpiest forms of diagnostic care, e.g. the most uncomplicated type of 

X-ray. Thus, high technology units, equipped and staffed at great 

expense, are wastefully burdened with low-grade duties. 

This is very uneconomical in terms of time, expertise and money. 

Great efforts will have to he made to ensure that this situation does not 

continue - that such expensively-acquired services should not he diverted 

towards lower-level functions and away from the work which only they can 

perform and which, too, is urgently needed. Clearly, the organizational 

aspects will have to he very seriously reconsidered. A crucial part of 

such thinking and the subsequent administrative changes would be 

concerned wi th the basic radiological system, the ubase of the pyramid", 

on which the whole structure rests. 

V. WHY BASIC RADIOLOGICAL SYSTEM IS AN 

IMPORTANT ADVANCE IN HEALTH CARE 

Provision of basic radiological system (SRS) is the simple yet 

sophisticated way in which the World Health Organization hopes to solve 

the problem of providing X-ray services to all people in any part of the 

world [5]. The WHO specifications recognize two facts: 

(i) Most X-ray examinations are simple. 

(ii) Expensive X-ray machines are not needed for simple 

examinations. 

It has been shown that, in developing countries, the radiological 

needs of a given locality or rural area can be met by providing one set 

of X-ray apparatus located in a hospital accessibly situated in that 

area. Certain days can be set aside for X-ray examinations; patients 

can be dealt with and sent back, on the same day, with their films to 

their referring doctors [5]. This was the situation envisaged by WHO 

when the decision to initiate the SRS concept was taken. The concept 

represents the logical solution to the problem of attaining better 

radiological coverage for the worlds population, and comprises the 

provision of: 
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(b) a training scheme for operators of the machine, who will not 

need to be fully qualified medical radiology technicians (i.e. 

radiographers); 

(c) a training scheme which will enable the referring general 

practitioner, or another medically qualified person working with 

the BRS machine to interpret the films produced and to use the 

information obtained for adequate diagnosis and, hence, a better 

treatment of the patient referred from the PHC level [6]. 

The BRS can be envisaged as a composite that includes an X-ray 

machine, a dark-room and a training package. 

The result is low-cost, good quality diagnostic coverage of rural and 

fringe areas. The cost effectiveness of the BRS may be gauged by noting 

that the capital investment is reduced to a third or a quarter of the 

usual investment, thus saving funds for other uses. 

VI. THE REQUIREMENTS OF THE BRS 

VI-i. X-ray machine requirements 

The BRS, as envisaged by WHO, makes use of a battery-operated 

medium-frequency generator with a high tension range of 55-120 kV direct 

current, an instantaneous output of 11 kW and a maximum output of about 

25 kW.s per exposure. 

In addition, there will be a simple examination stand arranged to 

give a fixed source-to-image distance of 140 cm, and a focused stationary 

10:1 grid, with four lines per millimetre, which can be used for 

practically all radiographic examinations that do not require fluoroscopy 

or serial radiography. The radiographic result cannot be distinguished 

from that obtained with a 50-100 kW 3-phase generator in combination with 

standard radiographic hospital equipment. 
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Because of its special design, no additional structural radiation 

protection is needed, which greatly decreases installation costs and, 

possibly, delays. 

It has been possible to design a battery~operated X-ray unit which 

will handle more than 300 different radiographic procedures without 

access to a supplementary power source [7]. This corresponds to three 

week's work for a radiography unit under nQrmal circumstances. 

VI-2. Personnel needed 

WHO has recognized that, with simplified equipment and the resulting 

simplified training, needs of communities can be more economically 

covered. For example, a small hospital can be provided with meaningful 

X-ray services by a person who has had some three months of training. 

However, it must be stressed that this is a minimum requirement [5]. It 

is quite out of the question ,to allow an individual to use X-ray 

apparatus without having had basic instruction in: 

Ca) the operation of the specific item of equipment to be ased; 

Cb) radiation hazards, to patients and p~rsonnel; and 

Cc) darkroom techniques. 

Such an operatQr must also have mastered the essentials of patient 

care, especially care in handling an injured patient. WHO has also 

prepared a BRS Radiographic Technique Manual for use by these operators 

during training and at work. 

However, laws exist in many countries which stipulate that X-ray 

units may only be operated by fully qualifie4 and registered personnel. 

This may seem, superficially, an essential requirement. On closer 

scrutiny it will be seen to have disadvantages, especially economic 

ones. It represents a waste of expensively trained expertise. Workers 

who would have undergone at least two and probably more years of 

specialized training and who have acquired much technological knowledge 

may find their actual work, consisting only of elementary procedures, 
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e.g. the simplest form of X-ray work, involving at the most some 

half-dozen patients per day, tiresome. This tends to erode the highly 

skilled worker's motivation; be may well become discouraged and his work 

is likely to be adversely affected. From many points of view this system 

is detrimental to efficiency. 

There is no doubt that every country will always need highly-trained 

radiographers; no large X-ray department can operate without them. Such 

a radiographer, with his practical experience of various types of X-ray 

machines can play an important role in the training of BRS operators in 

the hospital, and can fulfil a supervisory role when these operators 

start working with their BRS machines. 

The difference between the two methods of staff training lies in the 

extent of training and its philosophy. A fully fledged radiographer is a 

professional with a considerable understanding of normal anatomy, 

pathology and disease processes., The BRS operator, on the other hand, 

has no need to' have in-depth understanding. Neither, for that matter, 

need he be deeply conversant with the physics of X-rays, the design and 

construction of an X-ray unit, or fil~processing chemistry. Such 

operators follow an essentially practical approach to their work, 

especially as regards the actual job of X-raying a patient. They are 

taught this as a step-by-step routine, leaving hardly any room for 

individual variation. The objective in this approach is to standardize 

the production of X-ray films [5). The treating physician will become 

familiar with these, will unhesitatingly accept them and will be able to 

use them for effective diagnosis. 

VI-3. Training programme for general practitioners 

To help in solving the dilemma of diagnosi~ by the treating 

physician, WHO has produced a Diagnostic Manual (which is related to the 

BRS Radiographic Technique Manual). It deals only with the pathological 

conditions most likely to be seen in patients in rural or peri-urban 

hospitals, and has been designed to help the physician interpret the 

radiographs which have been produced with the BRS unit. It is not a 

standard textbook of radiology: it does not claim to cover every 

radiographic projection and it does not pretend to list every possible 
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alternative. For example, only two contrast examinations are suggested 

for BRS use. As a day-to-day working manual, it will remind the 

physician where to look for the most obvious signs of bone infection, or 

the pattern of the most frequent chest diseases, etc. 

Of course, this simplified pattern of work and training is not 

envisaged as a means of preparing X-ray personnel for work in principal 

medical centres. BRS serves only one sector of the radiological 

services, that closely interlinked with PHC. It will, it is hoped, give 

patients who have hitherto been underprivileged, because of distances to 

major health centres or financial constraints, access to the 

radiodiagnostic procedures so urgently needed. These would be carried 

out in comparatively small hospitals, nearer to the patients' homes, yet 

with no diminution in the quality of care. 

BRS originated as a theory - but it has already been successfully put 

to the test, both in highly developed parts of the world, e.g. in the 

United Kingdom and Scandinavia, and in difficult areas such as are found 

in some countries of the Eastern Mediterranean Region. Trials are also 

under way in south-east Asia and Latin America. 

VII.BRS ACTIVITIES IN COUNTRIES OF 

THE EASTERN MEDITERRANEAN REGION 

The Regional Cotmnittee for the Eastern Mediterranean Region endorsed 

the concept of BRS in a resolution adopted in 1978, recotmnending the use 

of BRS units to improve population coverage with diagnostic services. 

In the period 1980 to 1983, the Regional Office initiated four field 

trials with the following aims: 

(a) to identify the role of BRS in achieving better coverage of the 

population with diagnostic radiology at different levels of the 

health delivery system; 

(b) to define the role of general practitioners in relation to diagnostic 

radiology based upon BRS; 
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(c) to prove that locally recruited auxiliary personnel, after a short 

period of training, are able to operate BRS machines efficiently. 

In order to improve assessment of the implementation of BRS, three 

machines were installed for field trials, at different levels of the 

health delivery system in three different countries of the Region (see 

Table III), namely in: 

Yemen Arab Republic, in Sana'a (the capital), in the general hospital; 

Egypt, In Kafr el Dawar, in a small urban hospital; 

Cyprus, in the hospital at Polis, (a primary health care, rural 

hospital) • 

VII-l. Field trial - Yemen Arab Republic 

The first BRS X-ray machine (Solarix A, 125 rnA was installed in the 

Gomhoreya Hospital, Sana'a. This was an early model, which did not truly 

meet the WHO BRS specifications. 

The hospital is a general hospital with 500 beds, 120 doctors and 100 

other personnel, and it serves a population of 700 000. It already had 

two 500 rnA X-ray units. 

The report on the first year of the field trial (1980-1981) showed 

that the number of patients undergoing radiography had increased two-fold 

(Table III B). The authorities, through good organization and 

management, were able to organize courses for training operators, and 32 

were trained in three courses during 1981-1982. 

The Ministry of Health contributed greatly to the success of the BRS 

progrannne by recognizing it as an ideal way of promoting adequate X-ray 

coverage of rural populations. 

It is planned to expand this programme, by installing BRS machines in 

other health centres to support the primary health care programme 

throughout the country. 
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VII-2. Field trial - Egypt 

A simple X-ray machine was installed in 1981 at the hospital in Kafr 

El Dawar, a town lying on the western edge of the Nile Delta, 30 km from 

Alexandria, and near the main Alexandria-Cairo road. It has a population 

of approximately 250 000. AI-Mubarra General Hospital, with 70 beds, 

already had an X-ray unit, purchased in the 1960s. The hospital employs 

one trained radiographer with an orderly; 

attends the hospital twice a week. 

a qualified radiologist 

The first-year report of the field trial shows that there was a 

considerable increase in X-ray examinations with no increase in the 

number of staff; the orderly, who is a local resident, had, however, 

undergone a four-week course on radiography, and is now working 

satisfactorily as an operator of the BRS machine. 

VII-3. Field trial - Cyprus 

A BRS X-ray machine was installed late in 1983 at the Polis Hospital, 

which is a small rural hospital with 20 beds situated in Polis, in the 

north-west of Cyprus, serving a population of 10 000. The hospital had 

no X-ray department previously. As the trial has only recently been 

initiated, data are not yet available. 

VII-4. Other BRS machines and field trials 

It should be mentioned that a BRS X-ray machine had already been 

installed by WHO at Nicosia General Hospital in 1982 for training 

technicians to maintain and repair medical equipment, and for studies 

intended to improve diagnosis and radiotherapeutic treatment p~anning. 

Further BRS units have been installed at Baqu'a Hospital (West Bank), 

and in Pakistan. 

VII-5. WHO BRS field trials outside the Region 

WHO AMRO launched a trial with four BRS machines in Colombia in 

1983. After six months· experience, a very positive evaluation of this 
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It took only 

one week to train the operators to use the machines, and the general 

practitioners in these rural hospitals were enthusiastic ahout the new 

capacity to handle and treat their patients. 

Similar remarks can be made concerning another clinical trial in 

Indonesia. A need for good collaboration during the installation period 

between the representative of the manufacturer, the WHO advisory group 

and local health staff was particularly emphasized. 

Machines have also been sent to Burma, Morocco, Nepal and Zimbabwe, 

while Albania, Benin, Chile, Kenya, Malta, Nicaragua and the Philippines 

are considering starting trials during 1984. The United Kingdom has 

purchased two machines for use in England and will evaluate them during 

1984-85 in order to determine whether the BRS can replace older X-ray 

machines now in use in British hospitals. 

It may be noted that Lund, Sweden, is the technical test site for all 

types of BRS machines. 

VIII. CONCLUSION 

The medical care system of each category is structured on the basis 

of teChnical, social, financial and political elements, all of these 

interacting in the prevention, therapy and the control of disease. 

Radiology is one form of medical technology, providing a diagnostic aid 

to improve health care and the control of disease. 

As has 

among the 

been shown, diagnostic radiological services 

least developed of the medical services 

are certainly 

in deve loping 

countries. The rural communities are the worst served. When seen in the 

context of sophisticated X-ray services, the main reasons for the 

particularly unsatisfactory conditions in rural areas are: 

- high cost of capital investment needed for establishing purchasing 

and maintaining sophisticated X-ray equipment; 
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- shortage of radiologists, due to a general shortage of physicians 

and the long specialist-training required. Subsequently, inadequate 

living conditions in rural areas discourage such specialists from 

establishing themselves there; 

- shortage of highly trained X-ray technicians and the high cost of 

training, coupled with lack of jOb satisfaction when working in rural 

areas because of the limited nat,ure of routine X-ray work in such 

communities. 

The best and most logicd solution to deal with and overcome these 

and associated problems is to use a system simple enough to work at 

minimum cost, with suitably trained personnel chosen from the vicinity. 

The WHO Basic Radiological System is such a system. 

The BRS project is young and serves a testing purpose. To date, 

results are available from only a few field trials, but even from these 

it is obvious that the system is potentially of great benefit. It is 

clear too that it can serve to provide diagnostic radiological services 

at the peripheral levels of health delivery systems, that it requires 

little training for the operators, and that it imposes little extra 

burden on the responsible authorities. 
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BASIC RADIOLOGICAL SYSTEM 
TllB WHO APPROACH TO BETTER POPULATlOO COVERAGE 

WITH DIAGNOSTIC RADIOLOGY 

SUMMARY OF RECOMMENDATIONS 
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In view of the poor coverage of rural and urban-fringe communities 
with simple diagnostic radiology, the Organization should: 

1. Promote in every way possible the use of the WHO basic radiological 
system (BRS) concspt. 

2. Promote the installation of WHO-approved BaS machines in the 
countries of the Eastern Mediterranean Region as part of primary 
health care system. 

3. Support the training of operators for BRS machines. Such 
training Should follow the principles concerning level of 
operating, servicing and maintenance skills that have already 
been set down by the Organization. 

4. Promote in-service training of general practitioners to enable 
them to read the standardized radiographs produced by BRS machines. 

5. Provide manuals for operators and medical staff, wherever possible 
in the national language. 


