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Abstract 

 
The procedures optimization for obtaining diagnostic quality images is an important 

factor to the patients radiation levels submitted to diagnostic radiology examinations was 

the lowest as reasonably practicable. Two methodologies for image quality parameters 

evaluation were applied in the routine of three diagnostic radiology clinics (A, B and C), 

two with digital image processing and one with chemical processing in Belo Horizonte, 

Brazil. The incident air kerma was evaluated for the radiographic techniques used in the 

clinic routine chest exames, approved in accordance with European Image Quality 

Criteria. It was possible to determine that the Fluke Biomedical X-ray Phantom test 

objects coupled to the Leeds Test Objects (TOR CDR) obtained better results than 

Gammex's Radiographic Survey Phantom (RSV), because the low and high contrast 

structures present in the RSV were not visualized in lower energies. The three clinics 

presented very similar results in all image quality parameters in the evaluation with the 

TOR CDR test object. However, clinic C presented an low contrast structures result 

28.1% lower than clinical B, although the average Ka,i to obtain their images was 33.4% 

superior. The clinic A results present the best relation between image quality and 

radiation dose in patients. It was verified the optimization doses possibility in diagnostic 

radiology services with digital processing system, without significant reduction in image 

quality. Patients submitted to the highest radiation levels belonged to the clinic that 

presented the worst results in the image quality parameters evaluated. 
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1.- INTRODUCTION 

 

The biological effects caused by ionizing radiation in humans have necessitated the creation 

of radiation protection system internationally adopted. This system establishes an appropriate 

standard of protection for persons who are exposed to occupationally exposed radiation, due 

to medical examinations or treatment (patients) and because of proximity to radiation sources 

(public). 

 

New concepts and results of scientific observations have promoted constant revisions and 

reformulations in the radiation protection system, introducing new techniques, magnitudes, 

systems measurement and consequently new requirements, causing a considerable evolution 

of radiation protection and radiation dosimetry (IAEA, 2002; 2011; CNEN, 2005; ICRP, 

2007a). In diagnostic radiology, the radiographic image has the objective of recognizing and 

differentiating the various tissues and organs for the pathologies diagnosis. The optimization 

of imaging procedures is very important so that radiation doses are as low as reasonably 

achievable and the image presents a good diagnostic quality in order to provide the necessary 

information. 

 

The radiography quality can be estimated subjectively, by direct clinical image inspection or 

by quantitative processes, using test objects inserted in phantoms. In the first case, the 

radiologist assigns notes to radiographs according to image quality criteria established in the 

literature (CE, 1996a,b). In the second case, physical parameters of the images obtained with 

the test objects are quantified and provide information about the quality of the image 

(GELEINJNS, et al., 1993; RAMLI, et al., 2005; PINA, 2009). Thus, both assessment 

methodologies may be complementary in the search for improvement of radiographic quality 

evaluation. 

 

The monitoring of patients received doses in different radiographic procedures has been used 

as a tool to evidence the radiology service quality. Reference values for the received doses at 

the patients skin entrance in each examination by X-rays were internationally established and 
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recommended at standard conditions (ICRP, 2007b). These dose values, also known as 

diagnostics reference levels (DRL), have been incorporated into radiation protection 

standards and used to regulate the medical exposures optimization (BRASIL, 1998). In order 

for radiation doses measurements to be metrologically reliable, it is necessary to use radiation 

detectors properly characterized and calibrated in radiation fields with specific properties, 

identified as reference radiation fields (IAEA, 2007; IEC, 2005; ICRU, 2005). The reference 

radiations implantation through the characterization of parameters (inherent filtration, X-ray 

tube voltage, half value layer, etc.) is attributed to each calibration or dosimetry laboratory 

(OLIVEIRA, 2008). 

 

The recommended dosimetric quantities to determine the risk and verify good operating 

practices, in order to optimize patient protection and image quality, are: incident air Kerma 

(Ka,i) and the air Kerma-Area product (KAP) (ICRU, 2005). Diagnostics Reference Levels 

are given in terms of these two practical magnitudes and, from them, risk-related radiation 

protection quantities such as absorbed dose in the tissues or organs (DT) and effective dose 

(E) can be determined using conversion coefficients available in the literature (HART et al., 

1994; 1996) or softwares (TAPIOVAARA, 2008; STRUELENS, et al., 2008; OLIVEIRA, et 

al., 2011). In this work, the radiographic image quality in chest incidence was evaluated with 

test objects and the patients doses according to the radiographic techniques used to obtain the 

images. 

 

2.- MATERIALS AND METHODS 

 

One radiology clinic in Belo Horizonte city, Brazil, with the conventional chemical film 

processing and two clinics with computed radiography (CR) image processing and were used 

in this study. The clinics have been identified as A, B and C, respectively. Chest exams in PA 

and, when performed, in right lateral incidences, were recorded and evaluated. For each 

examination, patient information was taken, such as age, weight, height, sex, patient surface – 

spot focal distance, voltage (kV) and tube load current (mAs). All radiological images were 
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properly identified by numbers and three radiologists were asked to evaluate the image 

quality parameters recommended by the European Community. 

 

The radiologists scored between 0 at 10 each chest PA image based in the follow criteria, 

being one point each item: - Performed at full inspiration and with suspended respiration; - 

Symmetrical reproduction of the thorax; - Medial border of the scapulae to be outside the lung 

fields; - Reproduction of the whole rib cage above the diaphragm;- Visually sharp 

reproduction of the vascular pattern of the lungs, particularly the peripheral vessels, - Sharp 

reproduction of the trachea and proximal bronchi; - Sharp reproduction of the borders of the 

heart and aorta; - Sharp reproduction of the diaphragm and lateral costo-phrenic angles; 

- Visualization of the retro cardiac lung and the mediastinum and - Visualization of the spine 

through the heart shadow. 

 

In chest lateral images the radiologists scored between 0 at 6 points based in the follow 

criteria, being one point each item: - Performed at full inspiration and with suspended 

respiration; - Arms should be raised clear of the thorax; - Superimposition of the posterior 

lung borders; - Reproduction of the trachea; - Reproduction of the costo-phrenic angles and  - 

Visually sharp reproduction of the posterior border of the heart, the aorta, mediastinum, 

diaphragm, sternum and thoracic spine. 

 

Only data relating to evaluation tests better than 83% in parameters for good image quality 

were considered for the additional quality image and dosimetric evaluation. 

 

2.1.- Dosimetric evaluation 

A calibrated Radcal Corporation ionization chamber was coupled to an electrometer of the 

same manufacturer, model 9015, serial number 9102-88. The chamber was positioned in a 

holder, away from backscatter sources and aligned with the X-ray tube and its surface 

perpendicular to the radiation beam, with its center sensitive to 1 meter from the focal spot. 

The light field of the X-ray equipment was opened to cover the entire ionization chamber 

sensitive volume. 
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A technique was chosen that would provide a measured peak voltage of 80 kV and a tube load 

current (mAs) that varied between the services due to the characteristics of their use. Then, 

four Ka,i measurements were performed and the output was calculated by equation 1. 
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where:  L  represents the Ka,i average readings in mGy, kT,P represents the correction factor for 

pressure and temperature, calculated by equation 2, Nk represents the ionization chamber 

calibration factor, i represents the electrical current used in measurements (mA) and the t 

represents the exposure time used in measurements in seconds. 
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where  P represents the local pressure value during the evaluation of Ka,i (kPa) and T 

represents the local temperature (°C). 

 

With the X-rays tubes output of each clinic, which was determined by the ratio between the 

air kerma mean obtained at 80 kV, the tube load current unit used (mAs) at the distance of 

100 cm was calculated incident air kerma (Ka,i) for each patient according to the next 

equation: 
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where fc is the ionization chamber calibration factor, dref  is the reference distance between the 

x-ray tube focal spot and the ionization chamber (100 cm was used), dss is the skin to focal 

spot distance for each patient, kVpexam is the voltage for each patient examination, kVpref is 
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the reference voltage (equal to 80 kV) an itexam is the tube load current for each patient 

examination. 

 

2.1.- Additional Methodology for Image Quality Assessment in Selected 

Clinics 

Two sets of test objects were used. The first consisted of Fluke Biomedical Chest X-ray 

Phantom coupled to TOR CDR from Leeds Test Objects (TOR CDR), as shown in figure 1. 

The second consisted of Gammex's Radiographic Survey Phantom (RSV) as shown in figure 

2. 

 
Figure 1. TOR CDR from Leeds Test Objects (a) and your radiographic image (b) where are 

shown the structures that allow to evaluate high and low contrast details, with 15 in total (A 

and C), the spatial resolution (D) and measures relative to the film sensitivity and 

sensitometric curve (B). 

 

 

Figure 2. Schematic view of the test object Radiographic Survey Phantom. Source: 

GAMMEX, 2011 adapted. 
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The test objects (TOR CDR) and (RSV) were positioned on a tripod, with its surface 

maintained perpendicular to the X-ray beam central axis and fully inserted into the radiation 

field, as shown in Figure 3, which shows the positioning system used in one of the clinics 

with TOR CDR. The radiographic techniques used to obtain good quality images were 

selected in each of the clinics and the test objects images were obtained. 

 

 
Figure 3. Positioning system for radiographic images evaluation in one of the selected clinics. 

 

Five observers evaluated the amount of structures present in each image independently, with 

specific form and in low light conditions. At each evaluation, the images were arranged with a 

different orientation from the previous one, in order to avoid possible optical illusions, to 

increase the evaluation process reliability. The images were evaluated by two experienced 

observers and, through a small orientation as to what should be quantified; three observers that are 

more inexperienced evaluated the images. 

 

 

3.- RESULTS 

 

3.1.- Dosimetric evaluation 

Table 1 shows the output and half value layer (HVL) results of the X-ray equipment in 

selected clinics. These parameters are extremely important when assessing the patient 

radiation dose, since high outputs associated with low HVL values are indicative of excessive 

dose at the skin patients. 
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Table 1. Outputs and HVL results in the selected clinics. 

Clinic 

Tube load 

current  

(mAs) 

Ka,i 

(mGy) 

Output 

(µGy.mAs-1) 

HVL 

(mm Al) 

A 39,4 0,26 6,52 3,99 

B 50,4 2,76 54,63 3,22 

C 36,1 2,10 57,93 3,49 

 

Figure 4 shows the incident air kerma, Ka,i, evaluated in clinics for chest examinations in PA 

incidences. In clinic A, due to the low x-ray tube output, Ka,i was about six times lower than 

the Ka,i from other clinics, for a similar image quality. Figure 5 shows the Ka,i evaluated in 

clinics B and C for chest examinations in LAT incidences; the amount of LAT exposures in 

clinic A was not statistically significant. 
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Figure 4. Incident air kerma distribution for chest PA exposures. 
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Figure 5. Incident air kerma distribution for chest LAT exposures. 

 

The average Ka,i in the clinic C was 0.93 mGy, that was approximately twice the average Ka,i 

in the clinic B. The standard deviations of the measurements were 30% and 47% for clinics B 

and C, respectively. 

 

 

3.2.- Additional Methodology for Image Quality Assessment in Selected 

Clinics 

A comparison between the mean of the results presented by the three clinics evaluated, in the 

parameters of high and low contrasts and spatial resolution evaluated with the two test 

objects, TOR CDR and RSV are shown in Table 2. 
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Table 2. Mean number of high and low contrast structures and spatial resolution evaluated in 

the three clinics with the TOR CDR and RSV. 

Evaluated parameter 
Clinic Maximum 

difference  

(%) A B C 

Number of high contrast 

structures (TOR CDR) 
9,5 ± 1,4 10,6 ± 1,3 9,3 ± 1,6 10,4 

Number of low contrast 

structures (TOR CDR) 
10,1 ± 2,2 12,1 ± 1,2 8,7 ± 0,9 28,1 

Spatial resolution 

(TOR CDR) 
2,9 ± 0,3 2,6 ± 0,1 3,0 ± 0,3 13,3 

Spatial resolution 

(RSV) 
1,3 ± 1,2 2,8 ± 0,3 2,7 ± 0,3 53,6 

 

The three clinics presented very similar results in all image quality parameters when evaluated 

with the TOR CDR test object. The greatest difference between the results was observed in 

the evaluation of the amount of low contrast structures seen between clinics B and C, which 

was 28.1%, although the radiation level to which the clinic C patients are greater about 33.4% 

in relation to the clinic B patients. 

 

 

4.- DISCUSSION 

 

Clinic A presented an output about eight times lower than the outputs presented by clinics B 

and C. This result is a good indication that the x-ray tube of clinic A shows a much higher 

wear than the other clinics. The RSV test object proved to be adequate to perform image 

resolution evaluations, considering high values of the X-ray beam average energy determined 

by its peak voltage. However, when used for routine evaluation at an institution that uses large 

variations in the operating voltage of the X-ray tube, it has been found that RSV is not 

suitable for low voltages. This explains the large difference in the mean of the spatial 

resolution evaluations in the three clinics of 53.6%. 
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In general, the methodology for evaluating some of the image quality parameters performed 

using the TOR CDR test object is shown to be compatible with the clinical routine. 

 

The results obtained by Clinic A present the best relationship between image quality and 

radiation dose in patients, due to the similarity of the number of structures visualized by the 

observers on average. 

 

The results found by the observers in the worst situations can be used as a standard of image 

performance of a hospital or clinic evaluated, in order to preserve the good practices to obtain 

the diagnostic quality image. 

 

 

5.- CONCLUSIONS 

 

The Ka,i values, at the distance of interest, was determined for each clinic in the radiographic 

techniques used and the image quality using two test objects was evaluated. The clinic with 

chemical image processing had the lowest values of Ka,i, when compared to clinics with 

digital processing. The smallest number of structures, visualized in the high and low contrast 

and spatial resolution evaluations, can be used as an indication of the lower threshold of the 

performance standard in that parameter. Because the best clinical routine images, based on 

European criteria, were produced with the techniques in which the test object images were 

acquired. 
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