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The frequency of radiological examinations in a country is an important indicator of the general scope of
such services in that setting. Frequency data obtained from surveys provide health planners with valuable
information that can form an objective basis for resource allocation. Also, from the point of view of radi-
ation protection, the collection of data on the frequency of different types of radiological examination is
one of the essential steps in the process of estimating the collective risks to the population of exposure to
diagnostic X-rays.

The findings in this study indicate that: radiological coverage of the population is inadequate; simple
radiological examinations of the limbs and the chest constitute the bulk of the radiological workload; and
some trained radiological staff may be underutilized. These results may have general implications for
strategies on the expansion of radiological services in other developing countries.

The frequency of radiological examinations in indus-
trialized countries ranges typically from about 300 to
over 1000 per 1000 inhabitants per year. Compara-
ble information for developing countries is scarce,
but crude estimates indicate that the frequency of
radiological examinations in such countries is about
a tenth of that in industrialized countries (1).

In 1977-78, Cockshott (2) carried out a records-
based survey of radiological coverage in many tropi-
cal countries, and concluded that radiology was used
about 30-times less frequently per capita than in
industrialized nations. For Kenya, 36 examinations
per 1000 inhabitants per year were estimated. Also
Raja (3) and L.R. Whittaker (unpublished studies,
1980) have reported data from a prospective survey
of a few X-ray centres in Kenya, but the scope of the
studies was too limited to permit national estimates
of annual workload. This article presents the results
of a retrospective survey of the frequency of diagnos-
tic X-ray examinations performed in Kenya during
1986. The relative frequencies of different types of
examination are reported and analysed.

Methods
The survey was based on the retrospective collection
of data using a questionnaire. In July and August
1987, the questionnaire was mailed to 115 medical
institutions, representing government, missionary,
and private hospitals and clinics, as well as radiolo-
gists' practices in Kenya. Each centre was requested
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to indicate the number of radiological examinations
performed during 1986, if such data were available,
or for an earlier year, if there were no data for 1986.

A retrospective study was considered suitable
because data for a complete calendar year could be
readily collected. This would have been difficult in a
prospective survey since in developing countries such
as Kenya the collection of data over short periods of
time introduces major uncertainties in the results
because large fluctuations in radiological workloads
occur at many institutions as a result of equipment
breakdown and irregular supplies of films, pro-
cessing chemicals, and contrast media.

The medical institutions to which question-
naires were sent were those known or believed to
have X-ray facilities, and whose addresses were
readily available. No sampling methods were
employed to select centres. A simple breakdown of
types of radiological examination, according to the
classification in Table 3, was used in the question-
naire. This format was chosen to suit the level of
operations in the majority of X-ray centres in the
country. A covering letter that accompanied the
questionnaire bore an assurance that information
provided by responding centres would be treated in
confidence.

The data provided up to the end of April 1988
form the basis of the estimates of the frequency of
radiological examinations in Kenya during 1986.

Results
Response to the questionnaire
Of the 115 institutions contacted, 74 replied. Of
these, 67 provided data for annual X-ray workloads
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Table 1: Distribution of the number of survey questionnaires sent to X-ray centres and the response rates for different
categories of government and private medical insitutions, Kenya, 1986

No. of centres receiving
Category of institution questionnaires No. that replied No. whose data were used

Government
National hospital 1 1 1 (100).
Provincial hospitals 7 5 5 (71)
District and subdistrict hospitals 41 34 31 (75)
Others 8 8 7 (87)

Private
Large hospitals 11 6 6 (54)
Radiologists' practices 7 2 2 (28)
Missionary hospitals 28 16 14 (50)
Small clinics 12 2 1 (8)

Total 115 74 67 (58)

Figures in parentheses give the percentage response rate.

within the period 1985-87 as follows: 1985-three
centres; 1986-62 centres; 1986-87-one centre; and
1987-one centre. The returns from these centres
(representing a response rate of 58% and about 50%
of the estimated number of all X-ray institutions in
Kenya) were used to analyse the radiological work-
loads.

Centres were classified into various categories
under the broad divisions of government or private
institutions. A breakdown of the response rates by
category of institution is shown in Table 1. The
response rates vary widely-those from government
hospitals being very high and those from small
private clinics and private radiologists' practices
being low.

Estimates of the total number ofX-ray
examinations
The total number of X-ray examinations performed
was calculated separately for each category of insti-
tution, and these subtotals were then added together
to provide the national total. The general approach
was to calculate the arithmetic mean of the total
number of examinations performed for each category
or subcategory, using the data from the centres that
responded, and to multiply each mean by the esti-
mated numbers of institutions in the corresponding
categories (or subcategories) throughout the whole
country (Table 2). Mean values for government dis-
trict and subdistrict hospitals and for missionary
hospitals were calculated from the whole sample of
respondents. Among the category of "other govern-
ment institutions" were three specialized centres (two
dental departments and one chest clinic) and eight
centres that performed general radiological work. All
three specialized centres and four of the general
X-ray departments provided data. The total number
of examinations for all the general departments was
calculated using the mean of the four respondents in

this subcategory. A similar method of calculating
category totals was used for the government-run
provincial hospitals, the large private hospitals, and
private radiologists' practices.

Distinctions were made between six provincial
hospitals served by radiologists and the one hospital
that was not, between three large private hospitals
with full-time radiologists and eight that had only
part-time access to radiologists, and between one
well-established group radiologists' practice and nine
others that had only one radiologist each. The mean
number of examinations performed in the various
subcategories of establishment are shown in Table 2.
The results illustrate that there were differences
between the mean values for the subcategories. Esti-
mates of the total numbers of examinations per-
formed in the two categories of radiologists'
practices and small private clinics should be regard-
ed as crude. Of the ten radiologists' practices in
Kenya, two responded. One of these was a well-
established group practice and the other a smaller
practice. Data from the latter practice were taken to
be representative of the remaining eight centres, each
of which was staffed by one radiologist. The total
number of examinations for radiologists' practices is
therefore associated with considerable uncertainty.
For small private clinics, only one of the 12 institu-
tions that were contacted provided data. In this
instance, the category total was estimated by
assuming that the workload per centre was the same
as that of a missionary hospital, which had the
lowest average category workload, but based on a
satisfactory response rate to the survey of 50% (the
total number of examinations performed at the one
private clinic that supplied data was much lower
than the average for missionary hospitals).

The total number of examinations in the
various categories are shown in Table 2, rounded off
to the nearest thousand. The precision of individual
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Table 2: Estimated number of X-ray contres In Kenya and tho total numbers of radiological examinations performed
during 1986 In different categories of government and private medical institutlons

Mean number of X-ray Estimated total number
Category of institution No. of X-ray centres examinations performed of examinations performed

Government
National hospital 1 112017' 112000
Provincial hospital

With radiologists 6 19849 (1888)b 121000
No radiologist 1 2367'

District and subdistrict hospitals 42 3876 (488) 163000
Others

Specialized departments 3 11565 53000
General departments 8 2304 (689)

Private
Large hospitals

Full-time radiologists 3 15303 74000
Part-time radiologists 8 3496 (653)

Radiologists' practices
Group practice 1 17160' 53000c
One radiologist 9 3961'

Missionary hospitals 30 1335 (215) 40000
Small clinics 20 570' 27000C

Total 132 643000

'Based on data from only one respondent.
b Figures in parentheses are standard errors.
c These are crude estimates.

category totals is indicated by the standard errors
shown against the corresponding category or sub-
category sample means from which the totals were
calculated.

There are some uncertainties in the estimates of
the number of X-ray centres in the country, and the
estimates shown in Table 2 were arrived at after
examining various official records and license appli-
cations. The level of uncertainty is highest for small
private clinics (probably as much as +50%) and
missionary hospitals (approximately ± 30%). Never-
theless, these levels did not seriously affect the esti-
mate of the total radiological workload countrywide,
since small private clinics and missionary hospitals
carried out relatively few X-ray examinations. In
contrast, the numbers of government institutions,
large private hospitals, and radiologists' practices
were known quite accurately; for example, the
number of functional X-ray departments in district
and subdistrict hospitals was within +2 (±5%) of
that in Table 2.

Approximately 643 000 radiological exami-
nations were performed in Kenya during 1986 in all
the categories of institution that were surveyed. The
overall level of uncertainty associated with this esti-
mate is about + 20%, with the uncertainties in the
totals for the individual categories ranging from
about + 10% among government institutions to as
much as + 100% for the small private clinics. The
population of Kenya in 1986 was approximately 20

million, and the results of the present survey indicate
that the annual frequency of all radiological exami-
nations combined was 32 per 1000 population.

The most commonly performed X-ray
examinations
The data obtained from 61 of the 74 centres that
responded to the survey conformed to the question-
naire's format. Data from these centres were there-
fore used to estimate the relative frequency of the
most commonly performed radiological exami-
nations. For this purpose, the total numbers of
examinations of each type were summed up and
expressed as percentages of the overall total for the
various types of radiological examinations per-
formed in these 61 centres.

The results, shown in Table 3, indicate that
X-ray examinations of the limbs predominated, fol-
lowed by those of the chest. Special radiological pro-
cedures were performed relatively infrequently. Of
these, the comparatively straightforward X-ray
examinations of the gastrointestinal tract, intra-
venous urography, and hysterosalpingography were
the most common. Such examinations were carried
out more frequently in radiologists' practices, large
private hospitals, and government-run provincial
hospitals (the national hospital did not provide a
breakdown of data by examination type), all of
which had screening equipment and regular access to
the services of radiologists.
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Table 3: Relative frequencies of different types of radio-
logical examination performed In Kenya, 1986

Type of examination Relative frequency (%)

Chest 28.9
Skull and mandible 8.9
Lower and upper limbs 39.0
Spine 5.0
Plain abdomen 3.5
Pelvis and hips 3.5
Other plain X-rays 5.6
Gastrointestinal tract (with contrast) )
Hysterosalpingography 57
Intravenous urography r
Other special examinations J

Total 100.1

Radiological examinations for dental purposes
are also included in the data. Unfortunately, there
was no specific provision for such examinations on
the survey questionnaire that would have enabled an
accurate assessment of the specific workload present-
ed by them.

Computerized tomography (CT) had only just
been introduced in Kenya in 1986. Data for CT
scans have therefore not been included in the
analysis, but the number of such examinations was
negligible in comparison with the total national
workload.

Discussion
The results of the survey indicate that the annual fre-
quency of radiological examinations in Kenya is
approximately a tenth of that in a typical industrial-
ized country. The estimated 32 X-ray examinations
per 1000 population per year is similar to the level
reported for India during the 1970s (4). The fre-
quency of X-ray examinations is lower in a few
countries; however, in some developing countries the
annual frequency of radiological examinations is
100-400 per 1000 inhabitants (1, 2). For Kenya, the
close agreement between the annual frequency of
X-ray examinations that we have reported here and
that found by Cockshott (2) in the late 1970s in no
way implies that radiological services in the country
did not expand over the intervening period. Rather,
the rapid increase in population of about 4% per
annum in Kenya has imposed constraints on the
provision of most social amenities.

The amount of radiological work found in the
survey was assessed on the basis of the number of
radiological examinations performed, without apply-
ing workload factors to account for differences in
complexity between different procedures. Neverthe-
less, because of the low frequency of specialized
examinations, the estimates provide an adequate

indication of radiological workloads for most hospi-
tals in Kenya, and for the country as a whole.

In Kenya the predominance of radiological
examinations of limbs arises because of the large
number of cases of trauma caused by the high inci-
dence of traffic accidents and assault (3). Also, the
high frequency of chest X-rays is accounted for by
the large number of lung infections in the country.
The majority of chest X-rays were performed using
photofluorographic equipment fitted with inefficient
zinc cadmium sulfide (ZnCdS) screens; recent studies
have shown, however, that the attendant radiation
doses to patients are high (5). In Kenya, chest X-rays
are therefore likely to be a major contributor to the
collective radiation dose received by the population
for medical purposes.

The low frequency of special radiological pro-
cedures found reinforces the view that efforts to
extend radiological services to the majority of people
in developing countries should be directed mainly at
providing basic radiographic services, using simple
and appropriate equipment (6-8).

Although about half the X-ray centres in Kenya
were managed by private institutions at the time of
the survey, the results obtained indicate that approx-
imately 70% of the total number of radiological
examinations were performed at government institu-
tions (36% of which were conducted in district and
subdistrict hospitals). One unfortunate aspect of the
provision of radiological services in developing
countries has been the tendency to concentrate most
facilities in the major urban centres, although the
vast majority of the population lives in rural areas.
This disparity is evident also in Kenya, but it is
encouraging to note that the district and subdistrict
hospitals, which mainly serve rural-based popu-
lations, now take a substantial proportion of the
radiological workload.

All X-ray departments in government hospitals
in Kenya are staffed by qualified radiographers and
formally trained film-processing staff. However, the
workloads found in some centres in the survey raise
some questions about staff utilization. For example,
15 of the 31 district or subdistrict hospitals that sup-
plied data that were used in the study reported
annual workloads of less than 3000 X-ray exami-
nations, or an average of less than 10 examinations
per day. The reasons for such low workloads clearly
need to be studied in order to avoid underutilization
of professionally trained individuals.
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Resume

Estimation de la frequence des actes de
radlodiagnostic au Kenya en 1986
L'article expose les resultats d'une enquete retro-
spective visant a determiner le nombre d'actes de
radiodiagnostic effectues au Kenya en 1986. Cette
enquAte s'appuie sur les registres des etablisse-
ments radiologiques. Au moyen d'un question-
naire destine a classer de fa,on simple les
differents types d'examens pratiques, on a analyse
des donnees provenant de plus de 50% des ser-
vices de radiologie du pays.

Les resultats montrent que la frequence
globale des examens radiologiques au Kenya en
1986 etait de 32 pour 1000 habitants, y compris les
radiographies dentaires. Cette frequence est ana-
logue a celle obtenue lors d'une enquete realis6e
a la fin des annees 70. On peut en deduire que,
bien que les services de radiologie se soient con-
siderablement etoffes entre-temps, la croissance
annuelle de la population du Kenya, qui est de 4%,
n'a pas permis une augmentation du nombre
d'actes de radiodiagnostic par habitant.

La radiographie des membres est l'acte le
plus courant (frequence relative: 39%) avec les
radiographies pulmonaires (frequence relative:
29%). Les examens specialises avec emploi de
produits de contraste sont relativement rares
(moins de 6%). La frequence elevee des examens
des membres est due au grand nombre de
traumatismes lies aux accidents de la circulation
tandis que la frequence des radiographies pul-
monaires s'explique par l'incidence elevee des
infections pulmonaires. La predominance des
actes radiologiques simples vient renforcer l'idee
selon laquelle les programmes d'expansion des
services de radiologie, notamment dans les zones
rurales oiu vit la majorite de la population, doivent
etre principalement axes sur la couverture de ces
besoins fondamentaux.

Les hopitaux publics ont effectue environ 70%
de l'ensemble des actes radiologiques, dont une
proportion relativement importante (36%) dans
des h6pitaux de district et de sous-district. On voit
ainsi que les efforts en vue d'etendre les services
de radiologie aux zones rurales ont ete couronnes
d'un certain succes. Toutefois, un grand nombre
d'hopitaux ruraux n'ont signal qu'une faible
charge annuelle de travail, ce qui pourrait indi-
quer une sous-utilisation du personnel qualifie en
radiologie.
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