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Abstract: Organ doses in a tissue-equivalent antropomorphous child phantom (corresponding to the
age of 1 to 3 years) were measured during chest radiography by thermoluminescence dosimetry. The
effective dose obtained by children of selected age was 0.044 mSv. The reproducibility of dose deter-
mination on phantom and on patient are compared. The obtained results are analyzed from the stand-
point of optimization and reduction of patient doses.

1. Introduction

Chest radiography accounts for the most frequent radiological examination of children. Every effort
should be made to keep doses to a reasonable minimum because of the higher expected risk of radia-
tion induced effects in children than in adults. To specify radiation protection measures as well as to
justify the diagnostic treatment, the exact knowledge of doses delivered to different organs or to the
whole body is needed. From the dosimetric aspect, dose measurements in X-ray diagnostic are not
simple, because very low doses at low and variable energies have to be measured. On the other hand,
there is a considerable variation in radiation doses delivered to patients from the chest examination car-
ried out with different X-ray equipment or by different personnel. To date very few data have been
published on the contribution of this kind of exams to the annual radiation doses of pediatric pa-
t i en t s^ .

In our former work the dose distribution on the body surface of children was determined during pos-
teroanterioral (PA) and lateral chest radiography as function of the age of patients, and of irradiation
conditions(1).

In this work the organ doses in a tissue equivalent antropomorphous child phantom(5) (corresponding to
the age of 1 to 3 years) were measured during chest radiography. The reproducibility of dose determi-
nation on phantom and on patient are compared. The obtained results are analyzed from the standpoint
of optimization and reduction of patient doses.

2. Experimental

The phantom was an anthropomorphic heterogeneous tissue-equivalent phantom(5). The phantom was
irradiated in a Specialized Children Hospital, Bratislava, identified as Centre 1, using a Philips Medio
50 CP-H X-ray equipment. Four measurements run was carried out. The irradiation conditions are
given in Table 1. 95 detectors were placed inside the phantom at different organs (Table 3) and body
parts (Table 1) in each measurements run.

The chest X-ray diagnostics of patients was carried out in the Children Hospital for Tuberculosis and
Lung Diseases Srebrnjak, Zagreb, identified as Centre 2, on a Multix facility with rotary tube and
stand-alone screen. The irradiation technique is described in detail in reference (1). The entrance skin
dose was measured on five 3-4 years old patients during postero-anterial expositions. The dosimeters
were located on the back (primary entrance beam), sternum, thyroid, right eye, right gonad and right
armpit. The irradiation conditions are shown in Table 2.

For dosimetry measurements individually calibrated Harshaw TLD-700 detectors were used. The en-
ergy dependence of the TL response was determined earlier(6). During patient, phantom surface and
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calibration irradiation the detectors were packaged in light-tight black plastic and a rubber holder. The
detectors were placed inside the phantom without any package. The TLDs were annealed for 60 min at
400 °C followed by 120 min at 100°C in an automatic microprocessor controlled PTW TLDO oven.
All readings were made with a modified computer controlled TOLEDO 654 (Pitman/Vinten) reader in
the Ruder Boskovic Institute, Zagreb. Before readout, external (100°C for 20 min) and internal (100°C
for 6 s) pre-heat treatments were used. The readout temperature was 270°C. The laboratory calibration
was performed with an irradiation device containing a I37Cs source(6).

All readings were corrected(6'7) for dose contribution of the national or international transit as well as
for the contribution of storage, zero dose reading.

3. Results and discussion

The surface skin doses at chest diagnostic treatment on the phantom are shown in Table 1, and in Table
2 for patients, respectively.

The doses measured on patients are similar to our former results^1'6-1 taking into account that previously
two (PA and lateral) radiographs were taken of each patient (50 patients in five age groups), and in the
meantime the dosimetry system was improved. The high standard deviations (up to 150%) even within
the same age group indicate the real situation during routine examination, and are caused by different
conditions of irradiation, as well as various body absorption and radiation scattering, according to the
patient's weight and height. For comparison, the standard deviation of TLD-700 detectors in the irra-
diation field of Centre 2 without patient was ±4.3%, and the reproducibility of the irradiation was 21%.

High variations of surface dose values measured on the child phantom were found (Table 1). The thy-
roid surface doses measured in different measurement runs show significant variations. The same was
observed in the thyroid doses measured on children in the age group from new-borns to 3 years. The
reason is that thyroid of small children, as well as of the child phantom is very close to the primary ra-
diation beam, while the radiation field was 20x15 cm. The thyroid organ doses inside the phantom
showed similar variations as the surface dose, they varied from 0.16 mGy to 1.01 mGy.

Table 1. The surface skin doses measured on the tissue equivalent phantom* during PA X-ray diagnos-
tics** (in Centre 1) of chest***

Dose (mGy) on
in
l.Run
2. Run
3. Run
4. Run
Mean value
Standard deviation

Back

0.91
0.90
0.71
0.77
0.82
0.10

Sternum

0.16
0.04
0.04
0.05
0.07
0.06

Thyroid

0.11
0.14
0.63
0.78
0.42
0.34

Right eye

0.02
0.005
0.00
0.00

0.006
0.009

Right gonad

0,09
0.00
0.00
0.00
0.02
0.04

* The phantom corresponds to the age of 1-3 years, the height was 78 cm, the weight 9 kg.
** The potential, the current of the X-ray tube, the exposure time, the focus to film distance were 55-60 kV, 3.2-5 mA,

5-12 ms and 150 cm, respectively.
*** The number of exposure in all measurement runs was 20.

Table 2. The surface skin doses measured on 5 patients* during PA X-ray diagnostics** (in Centre 2) of
chest

Dose (mGy)

Mean value
Standard deviation

Back

0.08
0.04

Sternum

0.04
0.04

Thyroid

0.02
0.03

Right eye

0
0

Right gonad***

0.01
0.01

Right armpit

0.03
0.03

* The average age, height and weight of patient was 3 years, 85 cm and 18 kg, respectively.
** The potential, current of the X-ray tube, the exposure time and the focus to film distance were 115 kV, 1.8-2.2 mAs,

0.01-0.15 s, 150 cm, respectively.
*** Gonad shields were systematically used.
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Effective dose defined by ICRP 60(8) relates solely to the probability of stochastic radiation effects. In
X-ray diagnostics (where w r l ) the effective dose E defined by equation 1 is used for radiation risk as-
sessment:

E=ZwTDT (1)
where Wj is the tissue weighting factor, and DT is the absorbed dose averaged over the organ or tissue
T. Table 3 shows the effective dose calculated from the organ doses measured in child phantom in four
measurement runs using the ICRP 60(8) weighting factor for adults. The conditions of irradiation are
the same as in Table 1.

The calculation of the effective dose in paediatric radiology is uncertain because the absorbed doses
show high variations even under experimental conditions. In routine praxis where different personnel
carry out the thorax treatment on physically very different patients using various equipment, these de-
viations are even larger. On the other hand, the ICRP 60 weighting factor allows a sufficiently precise
estimate of detriment for examination of adult patients, although it will underestimate the risk for pedi-
atric patients by a factor two.

Table 3. Effective doses calculated from the averaged organ doses in a child phantom during one X-ray
treatment of chest

Organ
Gonads

Red marrow
Lungs

Urinary bladder
Breast
Liver

Thyroid
Bone surface

Others
Total E

DT (uGy)
3.8

23.25
24.95
0.00

24.80
18.30
25.65
27.65
19.40

wT

0.20
0.12
0.12
0.05
0.05
0.05
0.05
0.01
0.35
1.00

E(uSv)
0,76
2.79
2.99
0.00
1.24
0.92
1.28
0.28
6.79
17.05

We can conclude that for the risk estimation of children from X-ray diagnostic treatments highly sta-
tistical dose measurements are needed in spite of the quick development of the mathematical modelling
of phantoms, as well as of the increasing efforts to calculate doses by the Monte Carlo method.
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