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ABSTRACT 

 
The evaluation of patient doses is an important tool for optimizing radiodiagnostic medical procedures with 
conventional X-ray equipments and for improving the quality of the radiographic image. The Patient Dose 
Calibrator (PDC) chamber is a dosimetric instrument that is used in the evaluation of the air kerma-area product 
(PKA) quantity aiming the reduction of patient doses. The objective this work was to study the PKA variation 
caused by different field incident positions and sizes of the X-ray beam on the PDC chamber. Results showed 
that the PDC chamber has repeatability lower than 0.6%, beam position dependence of 3% and linearity 
response within ±6%; these characteristics are to be taken into account during evaluation of the radiological 
protection conditions of conventional x-ray equipments.  
 
 

1. INTRODUCTION 
 
The monitoring of the doses received by patients in different radiographic procedures is a 
point key to certify the quality of a radiology service. Reference values for patient doses in 
each type of examination were established from a series of surveys [1, 2]. In Brazil, some 
surveys of doses in patients were conducted in health service installations in São Paulo, Rio 
de Janeiro, Recife and Belo Horizonte; they provided an overview of patient exposure 
conditions [3, 4-6]. 
 
Diagnostic reference levels (DRLs) for absorbed doses on the patient skin in each type of 
examination were internationally recommended and they are used as a regulatory tool for 
optimization of medical exposures [7,8]. The entrance surface air-kerma (Ke) and the air 
kerma-area product (PKA) were recommended as dosimetric quantities to be used for 
optimizing the protection of patients [9]; they can be measured by ionization chamber. The 
organ dose (DT) and effective dose (E) were also internationally adopted for risk assessment; 
they are estimated by means of dosimetric quantities and available conversion coefficients 
[10,11] or by validated computational programs [12]. Measurements of dosimetric quantities 
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must be done with reliable instruments that are calibrated and type tested in radiation fields 
with specific characteristics [13-9]. 
 
The objective this work was to study of variation of the air kerma-area product caused by 
different positions and sizes of the incident X-ray beams on a RADCAL PDC transmission 
ionization chamber.  
 
 

2. METHODOLOGY 
 
The RADCAL “Patient Dose Calibrator” (PDC) ionization chamber (Fig. 1) was chosen to 
have its metrological characteristic investigated for the purpose of radiological protection 
[16]. Measurements were performed to verify of the PDC linearity response related to the 
field sizes and positions of an incident 70 kV, 20 mA.s X-ray beam. The VMI Pulsar 800 
Plus X-ray machine that is installed in the Dosimeter Calibration Laboratory of the Nuclear 
Technology Development Centre (CDTN) was used in this work. 
 
 
 

 
 

Figure 1. The RADCAL “Patient Dose Calibrator” ioni zation chamber. 
 
 
 
The air kerma-area product (PKA) variation of the PDC chamber was studied for five different 
incident positions of a 0.15x0.15 m2 X-ray beam; the PDC was positioned at 1 m distance 
from the tube focal point and ten measurements where done in each geometry. Fig. 2 shows 
the five different X-ray field positions used in this work.  
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Figure 2. Five incident positions of the 0.15x0.15 m2 x-ray beam on the PDC chamber. 
 
 
 

The linearity response of the PDC chamber was determined in terms of air kerma-area 
product (PKA) for 0.10x0.10; 0.15x0.15; 0.20x0.20; 0.25x0.25 and 0.30x0.30 m2  sizes of the 
70 kV, 20 mA.s X-ray beam; ten measurements were done in each geometry condition. 
 
 

3. RESULTS 
 

Table 1 shows the mean and standard deviation values of the air kerma-area product (PKA) for 
the five different incident positions of the 0.15x0.15 m2 X-ray beam.  The low values of the 
standard deviations show that the PDC chamber is very repeatable. Comparison to the 
position 1 shows that the PKA values at the positions 2, 3, 4 and 5 differ about -3% to the PKA 

value at the center of the chamber surface.   
 
 
 
Table 1. Variation of the air kerma-area product (PKA ) for different incident positions 

of a 0.15x0.15 m2 X-ray beam on the PDC chamber. 
 

Position 
PKA mean value 

(µGy.m2) 
PKA standard deviation 

(%) 
PKA variation relative 

to position 1 (%) 

1 26.76 0.44 - 

2 26.13 0.33 -2.4 

3 25.92 0.43 -3.2 

4 25.95 0.31 -3.0 

5 26.26 0.38 -2.9 

 
 

Position 3 

 
           

Position 4 

 
 

Position 5 

Position 2 

 
Position 1 
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The linearity response of the PDC chamber for different X-ray sizes is shown in Table.2 in 
terms of the PKA values. The low values of the standard deviations confirmed the good 
repeatability of the chamber. Relative to the 0.15x0.15 m2 beam size, the PKA values varied 
within ±6%; larger beam sizes showed a trend of reduction of the PKA  values. 
 
 
 

Table 2. Linearity response of the PDC chamber in terms of air kerma-area product 
(PKA ) related to X-ray beam sizes. 

 

Beam size 
(m2) 

PKA mean value 
(µGy.m2) 

PKA standard 
deviation (%) 

PKA /beam area  
(µGy) 

Variation of the  
PKA /beam area 
relative to the 

0.15x0.15m2 size 
(%) 

0.10x0.10 12.55 0.26 1255 5.6 

0.15x0.15 26.76 0.44 1189 - 

0.20x0.20 50.08 0.26 1252 5.3 

0.25x0.25 73.12 0.55 1170 -1.6 

0.30x0.30 101.92 0.17 1132 -4.8 

 
 
 

4. CONCLUSIONS  
 
Preliminaries results provided information on the PDC chamber concerning its repeatability 
(lower than 0.6% for 10 measurements), its beam position dependence (about 3% of 
reduction in the PKA values if measurements are done close to the borders) and its linearity 
response in terms of PKA (within ±6% for beam sizes from 0.10x0.10 to 0.30x0.30 m2). These 
results are to be considered when the PDC chamber is used to evaluate the radiological 
protection conditions of conventional X-ray machines. However, others tests will be 
performed for obtaining of more comprehensive results. 
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