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Introduction: Paediatrics patients deserve special attention because of the higher
radiation risks compared with adults. Objective: The purpose of this study is to
determine diagnostic reference level through entrance surface dose (ESD) calculations.
The overall data consisted of patients doses collected from three major hospitals in
Khartoum state. Results: 400 patients were subjected to this study. They are classified
into four age groups, 0->1 year, 1->5 years, 5->10 years and 10->15 years old.
Anteroposterior (AP) chest X-ray examination is done for them. The ESD calculated
using Dose Cal software. The x-ray tube output for each equipment is measured using
calibrated ionization chamber (RAD — Check Plus model 06-526). The results obtained
are high compared to international diagnostic reference levels for chest. These results
will also serve as a base line data for future settings.
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Abstract

INTRODUCTION

A result of 100 years of research in radiobiology, have
shown that radiation can cause biological effects. The
biological effects of radiation are either stochastic or
deterministic.! The former concerns with any dose no
matter how small, that the potential to cause harm does
exist.” If harm occurs the damage generally becomes
apparent years after exposure.’! Probability of effect
increases with increasing dose. The latter concerns with
the immediate effects that can take place after a certain
dose have been exceeded (threshold).

The risk of biological effects manifestation is higher in
infants and children due to their young cells.!” In addition
to that as a consequences to their longer life expectation
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this places an added burden on staff to attain the best
possible result every time.

In recent years extensive efforts have been made to
reduce the risk of irradiation detriment from all sources
of medical radiation including X-rays.’! Among these
effort is the establishment of diagnostic reference levels
(DRL’). According to the international commission
on radiological protection, the DRL is defined as
‘the dose levels in medical radio-diagnostic practices
for typical examination for groups of standard-size
patients or standard phantom for broadly defined types
of equipment.I! These levels are expected not to be
exceeded for standard procedures when good and normal
practice is applied’.l”

This study deals with infants and children undergoing chest
X-ray examination. They are grouped according to their
ages as follows: 0->1 year, 1->5 years, 5->10 years and
10->15 years old. The chest X-ray is chosen being the most
common type of X-ray examination and the projection
subject for the study is antero-posterior.

The major motivation of the study is to obtain image quality
consistent with the medical imaging task particularly in
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infants and children by reinforcing As Low As Reasonably
Achievable (ALARA) philosophy! and to provide guidance
and advice on establishment and implementation of DRL.

The ultimate goal of this work is to evaluate the radiation
dose delivered to infants and children patients undergoing
chest X-ray examination through determination of
entrance surface dose (ESD). In Sudan to the best of
our knowledge, the only available dosimetric data for
pediatrics are those from the chest examination done
in a single department. This work broadens the scale
by introducing busy departments in major hospitals in
Khartoum state, which show minimum workload of
15-20 patients a day.

The results presented will serve as a base line data needed
for deriving DRL’s for all kinds of X-ray examination
including fluoroscopy, computed tomography and
interventional radiography.

MATERIALS AND METHODS

Measurements had been taken in a period of 4 months
for about 400 patients. Patients was classified into four
age groups, 0->1 year, 1->5 years, 5->10 years and
10->15 years.

The dose values were obtained using computer software
called DoseCal, which is designed for both adults and
children data. This software was developed by radiological
protection center of Saint Gorge’s hospital, London. ESD
was determined from exposure factors recorded at the
time of examination. Tube output of all X-ray machines
used in this study was measured using calibrated ionization
chamber (RAD — Check Plus model 06-520).

RESULTS

Table 1 shows distribution of studied groups according
to age and sex. Table 2 gives a summary of maximum,
minimum and mean chest dose values for all cases under
study and shows the variations in doses for the same age
group. Table 3 shows a summary of maximum, minimum
and mean chest dose values for all age groups under study
irrespective of sex. Table 4 gives mean chest dose for the
age group 1- >5 years found in this study and similar studies
done in some other countries.'?

DISCUSSION

The chest X-ray examination for pediatrics is chosen
in this study because it is the most common type of

examinations and the selected areas of study are the
busiest in Khartoum state in terms of workload. The
main aim is to provide baseline for further studies in order
to establish local reference dose for each hospital. Table
2 shows the wide variations between the maximum and
minimum dose and the significant differences between
sample hospitals. Table 4 showed the differences between
some countries. The ESD presented in our studies is four
folds of that in United Kingdom and 6 times of Brazil
and double the established ESD in Kuwait. There are

Table 1: Age group and number of patient
for each sex

Age group Females Males Total
0->1 year 62 70 132
1->5 years 58 50 108
5->10 years 41 34 75
10->15 years 44 41 85
Total 205 195 400

Table 2: A summery maximum, minimum and
mean chest dose values according to age and
sex

Age group Maximum Minimum Mean dose
dose (MGy) dose (mGy) (mGy)
0->1 year (female) 0.368 0.031 0.138
0->1 year (male) 0.224 0.029 0.121
1->5 years (female) 0.238 0.045 0.129
1->5 years (male) 0.286 0.045 0.136
5->10 years (female) 0.667 0.048 0.240
5->10 years (male) 0.353 0.048 0.198
10->15 years (female) 1.400 0.051 0.643
10->15 years (male) 1.500 0.057 0.675

Table 3: A summary of maximum, minimum,
and mean chest dose values for all age groups
under study irrespective of sex

Age group Maximum Minimum Mean dose
dose (mGy) dose (mGy) (mGy)
0->1 year 0.368 0.031 0.057
1->5 years 0.286 0.045 0.138
5->10 years 0.667 0.048 0.220
10->15 years 1.5 0.051 0.664

Table 4: Mean entrance surface dose for chest
X-ray for age group 1->5 years in some other
countries

Country Chest dose (mGy)
Khartoum 0.138
UK 0.036
Brazil 0.022
Nigeria 0.028
Kuwait 0.077
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multiple reasons for such unacceptably high dose mainly
due to the lack of proper collimation. The wide area to
be irradiated means higher possibility of cancer induction.
The unnecessary wide area covered by the radiation does
not impair the quality of the image only but also expose
radiosensitive organs like thyroid and deliver more doses
to the breast.’! The second major factor is the low kV and
high current-time (mAs) selection. The ideal way to reduce
the relative dose is by adopting the high kV technique.
[P Tast but not least is the importance of providing
specialized X-ray units for children to be operated by
highly trained technologists.

CONCLUSIONS

Radiation protection in pediatrics radiology deserves special
attention because children are more sensitive to radiation
than adults. The results obtained shows:

1. Wide dose variation.

2. All doses are found to be above the international
recommended levels.

3. These results could be attributed to performance of
equipments and processors, radiographic techniques
used in each hospital, film-screen combination, use of
grids and or training and skills of the staff.

RECOMMENDATIONS

1. Establishment of Local Reference Dose Levels to be
applied to pediatrics radiology departments.

2. Importance of quality control programs in medical
radiology equipments specially those to be used in
pediatrics.

3. More attention must be paid for special training for
the staff working in pediatrics radiology departments
in order to reduce radiation doses and consequently
radiation hazards.

Announcement

4. Continuity of such as this study to cover all pediatrics
hospitals in Sudan.
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