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A NEW CONCEPT FOR INCREASING RADIODIAGNOSTIC POPULATION COVERAGE 

Modern medicine uses radiodiagnostic procedures in 20-30 per cent of 

all diagnoses made, for increased accuracy and to check the progress of the 

pathological process. 

services. 

A medical network therefore needs radiodiagnostic 

Developing countries and even some developed countries have difficulties 

in providing enough properly staffed and equipped radiodiagnostic units, because 

of the high capital and running costs of the conventional X-ray department and 

because of shortage of trained personnel. This shortage is made worse by the 

relatively long duration of training for both medical specialists in diagnostic 

radiology and fully qual~fied radiographers - in each case, three years. This 

length of training deters candidates and is associated with high drop-out rates. 

The concept of the basic radiological unit (BRU) which is being developed 

by WHO is a radiodiagnostic unit for the most common radiological procedures 

(basic radiodiagnostic procedures) at the lowest possible capital investment 

and running costs, and with personnel trained in from six to twelve months. 

Structure of the radiological network 

An analysis of radiodiagnostic procedures in daily practice has shown that 

almost 70 per cent could be performed with an X-ray machine designed to produce 

only radiographs. Consequently, most existing radiodiagnostic departments, 

equipped with highly complex machines which can perform fluoroscopy and radio

graphy with various parameters, are "under-used" in terms of their technical 

potential, and "over-used" in direct physical terms, for producing diagnostic 

information which could be produced with lower capital and running costs. 

Hence has arisen the idea of a simple unit, the BRU, at the base of the medical 

care pyramid and, at the top, the most up-to-date radiological department. 

Such an arrangement could avoid wastage in terms of capital investment, 

trained personnel, utilization of machines etc., and provide radiodiagnostic 

facilities for more of the population even in countries with scarce resources. 
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At the same time, more-developed radiodiagnostic departments could also use 

the BRU-type of X-ray machine for the routine examinations which constitute a 

high proportion of the X-ray examinations made in ~hem. 

The basic radiological unit (BRU) 

The BRU is the smallest radiodiagnostic unit, meant to be located at the 

periphery of the medical network, capable of serving small rural hospitals or 

outpatient clinics in urban and semi-urban areas, and of giving the benefit of 

radiodiagnosis to those who need it for more accurate and rapid diagnosis or 

for the follow-up of treatment. Depending upon population density, economic 

conditions etc. a BRU can serve 10 000 to 50 000 people and eventually 100 000. 

Essentially, a BRU has a single X-ray machine which can produce -only radio

graphs and is operated by a person specially trained to use it, to position the 

patient and to process the films. It needs two or three rooms. Such a radio-

diagnostic unit would be suitable for pathological conditions involving: 

the skeleton, e.g. fract~res, rheumatic lesions of joints, osteomyelitis, 

and tumours; 

the chest, e.g. tuberculosis, pneumonia and other infections, heart 

enlargement, tumours; 

the abdomen, e.g. obstructions, renal and gall-bladder calculi, tumours; 

soft tissues,e.g. radio-opaque foreign bodies. 

In some cases, with more skilled operators and diagnosticians, some investiga

tions using contrast ·media for the gall bladder, the urinary tract,the lower gastro

intestinal tract etc. could be added. 

Diagnosis, i.e. film interpretation, at the BRU will be carried out by the 

physician or other qualified health worker who has referred the patient for 

examination. This is ~_n important stipulation and it requires that whoever 

is responsible for diagnosis and trea~ent at this basic level must be trained 

to read X-ray films, thus permitting ~~ximum use of the BRU possibilities. 
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The power delivered by the machine is at least 11 kV (i.e. 100 rnA at 110 kV 

over a period of 0.1 seconds), which will enable it to produce good quality chest 

and lumbar-spine films. At the same time, a fixed tube current of 100 rnA and a 

restricted number of high voltage settings facilitate its operation and maintenance. 

For the tube support, p~eference is given to the c- or U-arm type which ensures 

that the X-ray beam is always directed at the cassette-holder and that distance 

from the X-ray tube focus to the film is fixed. Also, a system which prevents 

the patient's skin being nearer than 30 em to the tube focus is provided, and a 

beam delimitation which restricts the size of the beam to that of the film. 

A restricted range of film sizes will be available for such a machine in order 

to avoid all complications related to the supply of film, cassettes and intensi

fying screens and the processing of too many film sizes. 

With the machine, accessories are supplied to protect operator and patient 

and for standardized darkroom equipmento 

With regard to the power supply, the BRU machine could use electric mains 

230V, which requires at least 25A, and as an alternative, in order to permit 

operation when the mains supply is not reliable (frequent cut-off or large 

voltage variations), a capacitator discharge is available. A battery-operated 

machine could also be used for the same reason or when a mains supply is not 

available. The battery could be charged from the mains or a local generator 

when no electricity is available. For this last situation a local generator 

(petrol or diesel engine) must be provided if a battery-operated unit is not 

ordered. 

Buildings 

The X-ray room should be 6m long,4m wide and 3m high; the darkroom, 

3m long by 2m wide; and the office, at least 9m2 • 

Electricity is essential; battery-powered lamps and viewing-boxes could 

also be supplied. A water supply is essential for the darkroom. 
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Personnel 
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One X-ray operator will be sufficient for a BRU with a work load of up to 

500 patients per month; two operators could operate a BRU at least 10-12 hours 

daily and would ensure service during the vacation or sick leave of one operator. 

The job description of the X-ray operator would include: 

1. receiving and documenting the patient; 

2. preparing the patient for the examination; 

3. adjusting the equipment and positioning the patient in relation to the 

X-ray tube and film; 

4. protecting the patient and staff as required; 

5. selecting the radiation exposure factors using appropriate equipment, and 

making the exposure; 

6. processing the radiograph and providing for its identification; 

7. checking that the radiograph is of good quality and suitable for the 

examination requested; 

8. collating all relevant documents and radiographs and presenting them for 

interpretation; 

9. preparing, maintaining and replenishing all processing solutions; 

10. checking and keeping in good order all radiographic, photographic and 

nursing equipment, including cleaning, oiling, keeping screws tight and 

notifying faults to the technical maintenance staff as necessary; 

11. requisitioning and storing all medical, photographic and radiographic 

supplies and stationery, and 

12. maintaining all relevant departmental records. 
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A candidate with at least intermediate-school background could be trained 

in from 6 to 12 months to become an X-ray operator for a BRU, using a modular 

training approach. X-ray operators will from time to time need refresher 

training in.radiology departments of larger hospitals. A career structure 

should be developed which would enable them to be promoted and trained as 

fully qualified medical radiographers. 

The X-ray operator of a BRU should be supervised by a chief medical radio-

grapher and the radiologist of the nearest larger hospital. The radiologist 

should also supervise film interpretation and give technical support to those 

responsible for interpretation. 

Film interpretation 

This should be carried out by those responsible for diagnosis and treatment. 

They could be general practitioners, specialized physicians or otherwise qualified 

persons, according to the specific conditions of a country. They should receive 

training in a specially prepared programme oriented to the BRU concept. They 

should be supervised technically by the diagnostic radiologist from the nearest 

larger hospital. 

Supply of film and chemicals 

The BRU has to be provided with a three-month stock of film and chemicals; 

a supply service from the Central or Provincial Medical Store should be arranged. 

In hot climates cold-boxes have to be used for transport, and refrigerators for 

film storage. 

Maintenance 

As the BRU concept simplifies and standardizes the X-ray machine, maintenance 

becomes simpler. The X-ray operator is taught simple care of the machine, to 

avoid breakdown, and the identification of major faults in machine operation. 
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When a fault arises he can tell the technician at the nearest maintenance workshop 

which part is faulty in order to obtain the needed spare part. The BRU concept 

includes also the idea of a network of maintenance workshops associated with the 

spread of BRU and other radiodiagnostic units throughout a country. 

,,P).Ibli,;: ,health ana. """,nomic .aspec.ts.o£ lIRU. 

Better radiodiagnostic coverage of a population should lead to improved 

diagnosis in many diseases and traumatic conditions, and result in more appropriate 

treatment and better follow-up. 

the spread of a disease. 

Also in communicable diseases it could restrict 

Without proper studies it is difficult to assess the impact of BRU in terms 

of shorter hospitalization, reduced loss of working days or prevention of in-

capacitating sequelae. However, such results are to be expected when the 

appropriate studies are made. 

In economic terms BRU is justified in comparison with advanced radiological 

departments, not only because of its better use of each dollar invested in 

equipment but also because it produces more health for the equivalent amount 

invested, due to larger population coverage. The economic benefits of shorter 

hospitalization as a result of more accurate diagnosis and better treatment 

should also become evident. 

The direct cost of BRU compared with usual radiological units shows more 

obvious economic advantages. The following prices are very rough estimates: 

X-ray machines: average cost 

BRU machine: US $ 15 000 - 18 000 

X-ray machine withnut fluoroscopy: US $ 30 000 

X-ray machine with simple fluoroscopy: US $ 45 000 - 50 000 

X-ray machine with image intensifier: US $ 200 000 (approx. ) 
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Darkroom equipment, cassettes, intensifying screens: average cost 

BRU manual-processing equipment and restricted cassette size with intensifying 

screens: US $ 2 000 - 3 000 

manual-processing equipment and cassettes of various sizes with matched 

intensifying screens: us $ 5 000 (approx.) 

automatic processing and cassettes of various sizes, with matched intensifying 

screens: US $ 10 000 

Cost of building (relative comparisons) 

for BRU: 100 

for normal X-ray machine: 120-150 

for machine for fluoroscopy and radiography: 180-200 

for machine with image intensifier: 200-250 

To these rough estimates could be added the cost and time needed for training, 

salaries of personnel, and expenditure on film, chemicals, spare parts and 

maintenance. 

Obviously BRU requires substantial initial capital investment, but the cost 

of replacing used machines and of maintaining the network will be much less than 

that of running fewer sophisticated radiodiagnostic departments. Such departments 

are not totally excluded by BRU but their number would be substantially reduced. 


