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Abstract 

Currently, breast cancer is the second type of cancer more with higher overall 

incidence recorded in 2015, more than 57,000 new cases according to the National 

Cancer Institute of Brazil. Mammography is now one of the imaging techniques most 

widely used worldwide for the early diagnosis of breast cancer. The computed 

radiography (CR) plates are used to obtain digital radiographies, and are widely used 

for digital mammogram production. This study aims to evaluate the variation response 

in the exposure of a CR plate in a mammography unit. For this study a mammography 

device model Graph AF Mammo, made by VMI and a CR plate, model Regius, were 

used for mammography. Experiments were made with two X-ray beams of 20 and 25 

kV. Successive exposures of the CR plate were made in a time range time from 0.5 to 

2.5 s., to obtain unprocessed images .raw and subsequently make the measurement of 

time, air kerma and air kerma rate using a Ray Safe Xi meter. Five measurements for 

each exposure time were performed and the images were analyzed using the ImageJ 

software. A matrix of 21 x 21 pixels was selected in the central region of each image 

to obtain the intensity value, in grey scale, for each exposure time. From these data, a 

correlation of the degree of darkening was made with time and the air kerma. The 

behavior of the curves corresponding to the intensity average values of central pixels 

in relation to the exposure time and air kerma are similar for both voltages, showing 

an initially linear behavior and then a plate saturation region, whichever occurs first at 

the greatest value of the applied voltage. 
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1.- INTRODUCTION 

 

According to the International Agency for Research on Cancer, among cancers that affect 

women, breast cancer is the high rate of incidence and mortality over 25 % and 15 % of 

cases, respectively. It is estimated that more than 1.67 million women were diagnosed with 

the disease and more than 521,000 deaths in 2012. The National Institute of Cancer of 

Brazil estimates 57,000 new cases for this year. 

 

The high incidence of this disease requires the development of quality assurance programs 

in mammography services and criteria for assessing the quality of mammographic images, 

testing specific performance in order to obtain an accurate and early diagnosis of Cancer 

[IAEA 2006]. 

 

Mammography is a radiographic technique optimized for the breast exam and is a highly 

effective means of breast cancer detection at an early stage [Dance et al., 2014]. The 

success of mammography for screening depends on the production of high quality images 

with appropriate doses. The production of such images is a complex and difficult task due 

to the breast anatomical structure [Mawdsley et al., 2011; INC 2012]. 

 

Mammographic images can be analog or digital. Conventional radiography uses a chassis 

with radiographic films and intensifier screen, and digital radiography can be subdivided 

between computed radiography (CR) and direct radiography (DR) [Oliveira et al., 2014; 

Oliveira 2011].  The challenges in creating a digital mammography system with improved 

performance are mainly related to the X-ray detector and the digitizer unit [Dance et al., 

2014]. 

 

The CR systems use a photostimulable phosphor plate into a cassette. CR image 

acquisition is a two stage process. In the first stage is performed the exposure of the CR 

plate and in the second stage is performed the reading of information contained in the 

cassette with the digitizer unit [NHS 2006]. 
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When the CR plate is exposed to an X-ray beam, photostimulable materials absorb part of 

this beam and emit electrons of its crystalline structure [Mawdsley et al., 2011]. Some of 

these electrons lose some of their energy by interaction with other electrons in the 

crystalline structure and others are trapped at higher energy levels, which remain stable for 

some time, creating a latent image [Mawdsley et al., 2011; Dance et al., 2014]. The 

number of trapped electrons is proportional to the amount of incident radiation on the 

photostimulable material [Oliveira 2011]. 

 

For reading the CR plate, it is introduced in the digitizer unit and with a thin laser 

stimulation electrons return to their ground state, causing light  emission which is 

converted into a proportional electrical signal, from which the image is formed [Mawdsley 

et al., 2011; Blanco et al., 2014]. Generally, a logarithmic transformation is applied to the 

signal during this stage [Blanco et al., 2014]. 

 

In computed radiography, the digital mammography image quality is determined by a set 

of parameters that need to be carefully selected before the image acquisition: voltage 

applied to the X-ray tube, anode-filter combination and exposure time of the acquisition 

system [Jakubiak 2013]. The objective of this work was to evaluate mammographic X-ray 

beams using a phosphor plate varying the parameters of voltage and exposure time. 

 

 

 

 

2.- MATERIALS AND METHODS 

 

The VMI mammographic equipment,  model Graph Mammo AF, show in Figure 1, having 

a rotating anode and combination of anode/filter Molybdenum, was used to evaluate the 

mammographic CR plate, size 18 x 24 cm
2
, model Regius RP6M110 manufactured by 

Konica Minolta, shown in Figure 2a . 
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Figure 1.- VMI mammography device. 

 

 

Figure 2.- Mammographic CR plate (a). RaySafe Xi (b). 

 

The behavior of the CR plate was studied by the acquisition of unprocessed images using 

two supply voltages of 20 and 25 kV, keeping the electrical current constant of 70 mA for 

both voltages and the distance from the focus to the detector of 53.3 cm, without the use of 

the compression plate. 

 

The unprocessed images, in .raw pattern, were obtained by successive exposures of the CR 

plate, varying the exposure time in a range of 0.5 to 2.5 s for both X- ray beams. Five 

images were obtained for each voltage and time exposition. The CR plate has a size of 

236.95  mm by 176.75 mm
 
(5416 x 4040 pixels) with the pixel size of 43.85 µm. The 

intensity values  in CR images, in greyscale, can have a range of 4,096 numeric values, 

where zero is the white color and 4,095 is the black. 

 

Subsequently, using the same exposure techniques were realized 5 measurements of air 

kerma, kerma rate and exposure time for each exposure, using the RaySafe Xi meter shown 
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in Figure 2b. The solid state detector used for the measurement was placed in the center of 

the CR plate. 

 

From the images obtained was realized the analysis of the intensity variation in greyscale, 

corresponding to the darkening of the CR plate in the central region of the image, and then 

in the total image area. These analyses were performed using ImageJ software, where an 

area of 21 x 21 pixels was selected in the central region of each image to obtain the 

intensity average value corresponding to the darkening to each beam and exposure time.  

 

Finally, two images were selected with the same exposure time and different voltages and it 

was made the selection of the total area of the image to evaluate the variation in image 

darkening degree in relation to air kerma. 

 

 

 

 

3.- RESULTS 

 

From these data obtained concerning the darkening of the CR plate as a function of 

exposure time, air kerma and air kerma rate were calculated average values for both 

voltages. After that, was made the correlation of the image darkening degree in the 

greyscale with the exposition time was made to get through curve fitting the time for which 

the plate begins to saturate. For the 20 kV beam the CR plate saturates at 10.7 s, while for 

the 25 kV beam it saturates at 3.7 s, shown in the graphic of Fig. 3 and 4, respectively. 

 

Additionally, was made the correlation of the image darkening degree in greyscale with the 

air kerma for both voltages, shown in the Figures 5 and 6. 

 

Finally, two selected images obtained for each X-ray beam in linear response region were 

used to show the darkening variation in the CR plate area from the maximum and minimum 

darkening values with relation to air kerma incident in the plate, obtaining 3D graphics 
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shown in the Figures 7 and 8. The darkening area presented a variation of 65.61% below 

the maximum value of the degree of darkening for the 20 kV beam, and 62.66% to the 25 

kV beam. 

 

  

  

  

  

 

 

Figure 3.- Response curve of the CR 

plate corresponding to 20 kV beam. 

Figure 4.- Response curve of the CR 

plate corresponding to 25 kV beam. 

Figure 5.- Correlation of image 

darkening degree with air kerma for 20 

kV beam. 

 

Figure 6.- Correlation of the image 

darkening degree with air kerma for 25 

kV beam. 
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4.- DISCUSSION 

 

The correlations made on the darkening degree of the CR plate relative to the exposure time 

and air kerma show similar behavior for both beams of 20 and 25 kV. The results 

demonstrate that, according to the degree of darkening of the CR plate, this presents a 

linear behavior initially and then a saturation region. According to curve fitting made, it is 

presented first to the curve corresponding to the higher value of applied voltage. Similar 

behavior occurs in the correlation of the darkening degree with air kerma. 

 

The behavior of the percent variation of the darkening degree recorded by the CR plate for 

the voltage of 20 kV presented a minimum value 65.61% below the maximum value. This 

means that if the maximum air kerma rate measured for that image is 5.65 mGy.s
-1

, the 

minimum air kerma rate is 3.71 mGy.s
-1

. The region where the maximum value of air 

kerma is recorded is in the central part of the CR plate nearest to the chest position, and the 

lowest value was registered in the most distant region of the patient chest. 

 

Figure 7.- The Percentage of intensity 

variation in the CR plate area for 20 kV 

beam and exposure time 2.0 s. 

Figure 8.- The percentage of intensity 

variation in the CR plate area for 25 kV 

beam and exposure time 2.0 s. 



ISSSD 2016 
September 24 to 28

th
, 2016.  Tuxtla Gutiérrez, Chiapas. México. 

______________________________________________________________________________ 

53 
 
Proccedings of the ISSSD 2016                                                                                                                                 Vol. 3 

The behavior of the percentage variation of air kerma recorded by the CR plate for 25 kV, 

showed less variation, this varies 62.66% below the maximum value, this means that if the 

value of the maximum air kerma rate is 13.21 mGy.s
-1

, the minimum value is 8.28 mGy.s
-1

. 

Additionally, it was observed that the air kerma rate remains constant independently the 

variation of exposure time. 

 

 

 

5.- CONCLUSIONS 

 

Knowledge of the saturation characteristics of the CR plate relative to exposure times, air 

kerma and air kerma rate allows the selection of parameters more suited to work with these 

voltages without approaching the saturation region of the CR plate, which would minimize 

underexposed problems hindering the quality of diagnostic image and help provide 

adequate dose to the patient. It is important to ensure that efforts to reduce patient doses do 

not also reduce doses to the image receptor to such an extent that the image quality is 

degraded to an unacceptable level. 

 

The behavior of the darkening degree variation in the CR plate, evidences that the input 

signal could cause interference if the plate size is not appropriate, especially when it is used 

for large breasts. 
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