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ABSTRACT 
 
Currently, among the diseases most feared by women, breast cancer ranks first in the world with an incidence of 
more than 1.6 million cases and a mortality of more than 521.9 thousand cases by year, which makes this 
disease the type of cancer with higher incidence and mortality compared to the other types of cancer that mainly 
affect the female gender, without considering non-melanoma skin cancer. In Brazil, more than 14.4 thousand 
deaths were registered in 2013 and more than 57 thousand new cases were estimated for 2016. The use of 
computerized radiography (CR) for the generation of mammographic digital images is widely used in Brazil for 
the screening of breast cancer. The aim of this investigation is to study the variation of CR plate response to 
exposure to X-ray beams in a mammography unit. Two CR plates from different manufacturers and a 
compressed breast phantom containing calcium carbonate structures of different sizes simulating calcifications 
were used for this study. An X-ray beam generated by 30 kV was selected to realize successive exposures of 
each plate by performing a time variation of 0.5 to 3.5 s, obtaining the raw images. The acquired images were 
evaluated with the ImageJ software to determine the saturation time of the plates when exposed to X-ray beams 
and the qualitative resolution of each plate. The plates were found to saturate at different times when exposed 
under the same conditions to X-ray beams. By means of the images acquired with the breast phantom, it was 
possible to observe only structures of calcium carbonate with sizes greater than 177 μm. 
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1. INTRODUCTION 
 
In global statistics, breast cancer is one of the leading causes of cancer death in women [1, 2]. 
In 2012, more than 1.67 million new cases and more than 521 thousand deaths were 
estimated for the world, corresponding to 14.7% of cancer deaths in women [3]. In Brazil, 
according to INCA, more than 57 thousand new cases of breast cancer were estimated by 
2016 [4]. 
 



In developed countries, at the same time that the incidence tends to increase, mortality is 
declining due mainly to the timely detection and the best conditions for the treatment of this 
disease [5]. 
 
Indications for the presence of breast cancer may be based on 4 types of records that appear 
on mammographic images: the morphology characteristic of a tumor mass, with irregular 
margins; the presence of calcifications; distortions in the patterns of normal tissues generated 
by the disease; asymmetries between the corresponding regions of the left and right breasts 
[6, 7]. 
 
Calcifications are mineral deposits of calcium within breast tissue that appear as small white 
regions on mammographic images [8]. There are two types of calcifications: 
macrocalcifications and microcalcifications [7]. 
 
Macrocalcifications are particles that are easily visible in mammographic images because of 
their size. These structures are frequently associated with benign fibrous nodules or 
degenerative changes in the breast tissues, such as the aging of the mammary arteries [6]. 
 
Microcalcifications are calcified particles with a size of approximately 200 μm. A clustering 
of these structures may indicate incipient cancer, its clustering shape and arrangement 
indicate a greater or lesser probability of a future tumor [9]. 
 
According to the Brazilian Ministry of Health, approximately half of the cancers discovered 
through mammographic images are due to the registration of microcalcifications clusters [9]. 
The registry of these structures is the most common sign of ductal carcinoma in situ, which is 
a premature cancer limited to the ducts of the glandular tissues of the breast [7]. 
 
Mammography is basically an X-ray image of the breast, is the main tool used in early 
detection programs and plays a relevant role in the diagnosis of breast cancer as well as its 
location in biopsy and therapy procedures [2, 10]. 
 
The X-ray detection of these structures presents difficulties, the most important ones are 
because they present an attenuation very similar to the tissues in which they are immersed 
and to the superposition of tissues that occurs when projecting the mammary volume in an 
image 2D [11]. 
 
The quality of the images acquired with these systems depends on several parameters such as 
the voltage and current applied to the X-ray tube and the characteristics of the detector used 
[6]. 
 
The objective of this work was to evaluate some parameters of image quality, such as 
saturation time and spatial resolution of CR plates. For the evaluation of this last parameter, a 
basic test object, was suggested for the qualitative evaluation of the resolution. 
 

2. METHODOLOGY 
 
Two CR plates were used to perform this study, which were exposed on a different X-ray 
mammography device. The main characteristics of these equipment, named A and B, will be 
presented below. 
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2.1. Mammographic System A 
 
The mammographic system A consists of a mammograph VMI, model Graph Mammo AF, 
shown in figure 1a, which has a rotating anode and an anode/filter combination Mo/Mo [12]; 
a CR plate for mammography of size 18 x 24 cm2, model Regius RP6M110, manufactured by 
Konica Minolta, shown in Figure 1b, and its respective scanning unit, model Regius 110 HQ, 
presented in Figure 1c. For this plate, according to the manufacturer, this digitizing unit has a 
reading function with a pixel size of 43.75 μm [13]. 
 

 
Figure 1: Mammographic system A: Mammograph VMI Graph Mammo AF (a), CR plate 

Regius RP6M110 (b) and scanning unit Regius 110 HQ (c). 
 

2.2. Mammographic System B 
 
This system consists of a mammograph GE DMR, shown in figure 2a, which has a rotating 
anode and anode/filter combinations Mo/Mo, Mo/Rh and Mo/Al [14], a CR plate for 
mammography of size 18 x 24 cm2, manufactured by Fujifilm, model IP Cassette type CH, 
shown in Figure 1b, and its respective scanning unit FCR Capsula XLII, presented in Figure 
1c, which according to the manufacturer, has a reading functional at pixel size of 50.00 μm 
[15]. 
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Figure 2: Mammographic system B: Mammograph GE DMR (a), CR plate IP Cassette type 

CH (b) and scanning unit FCR Capsula XLII (c). 
 

2.3. Determination of the saturation time of CR plates 
 
For the acquisition of the experimental data, parameters were initially selected to carry out 
the direct exposure of plates A and B in their respective mammographic units. For this 
purpose, an X-ray beam of 30 kV and 70 mA was chosen to perform successive exposures of 
the plate, making a time variation of 0.5 s up to 3.5 s, with steps of 0.5 s, keeping constant the 
distance between the focus and the detector in 53 cm. This procedure was performed with the 
mammograph placed in manual mode to be able to manipulate the control parameters. 
 
After performing each of the exposures of the CR plates, it was read in its corresponding 
digitizing unit, obtaining 11 images for each CR plate, which were guards in .raw 
(unprocessed) format. The size of the images obtained with the plate A was 4040 x 5416 
pixel, with a resolution of 22.86 pixel.mm-1. For the plate B the images have a size of 3540 × 
4730 pixels and a resolution of 20 pixel.mm-1. 
 
These images were analyzed using ImageJ software by selecting ROIs of 21 × 21 pixel in the 
central region of the CR plate to evaluate the variation of the recorded intensity, in grayscale, 
and then to perform a correlation of the exposure time for each plate CR. 
 

2.4. Qualitative determination of the resolution of CR plates 
 
To simulate a compressed breast and its different structures (breast phantom) [16], six 
semicircular plates of acrylic of polymethylmethacrylate (PMMA), with 10 mm and 5 mm of 
thickness and 90 mm of diameter were developed. The plates that were used to determine the 
resolution of the CR plates are presented in Figure 3. 
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Figure 3: Semicircular plates of acrylic of polymethylmethacrylate. 

 
At the same time, to simulate mammary calcifications, calcium agglomerates [17] were 
produced, which have as their main component, 95% by weight, calcium carbonate [18]. 
 
These agglomerates were separated according to the size of their particles using laboratory 
sieves for granulometric analysis of different openings, manufactured by Bertel. In Table 1, 
the sizes of the openings of each sieve used are listed. 
 

Table 1: Opening of Bertel sieves. 
Standard 

ASTM 
Opening 

µm 
N° 50 300 
N° 80 177 
N° 100 150 
N° 140 106 
N° 200 75 
N° 270 53 
N° 325 45 

Source:[19]. 
 
By this procedure, six calcite samples of different sizes were obtained, which were classified 
within the size range corresponding to each sieve. These separate samples are presented in 
Figure 4. 
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Figure 4: Samples of calcium agglomerates separated by size. 

 
The six samples were distributed on a PMMA plate, each in a specific region, and with the 
help of a microscope, brand Novel, each particle of the sample was positioned, one separated 
from the other, so that each could be identified individually. To facilitate the identification of 
the region where the samples are located, a pattern with the number of each sample was 
elaborated. In Figure 5, the PMMA plate, on which the calcium agglomerates were 
distributed, is shown next to the template. 
 

 
Figure 5: PMMA plate with calcium agglomerates. 

 
This PMMA plate, together with the other plates, will be used in this study, to simulate 
microcalcifications in a breast compressed. 
 
Finally, for the acquisition of the images with the breast phantom using each of the 
mammographic systems, their corresponding X-ray equipment were placed in automatic 
mode, so that the equipment automatically determines the exposure time with the voltage of 
28 kV and 70 mA. 
 
With the thickness of the breast phantom at 50 mm, successive exposures were performed by 
varying the height at which the microcalcifications were located inside this phantom, which 
was positioned on the breast support tray. The heights at which the microcalcifications were 
positioned inside the phantom for each thickness are presented in Table 2. 
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Table 2: Heights at which the microcalcifications were positioned. 
Thickness of 

breast phantom  
(mm) 

Height of the 
microcalcifications 

(mm) 

50 

45 
40 
30 
20 
10 

 
To evaluate the resolution of the CR plates with the images obtained using the compressed 
breast phantom, the regions where the microcalcifications were located were selected with 
the ImageJ software, to see which of these was visible in the image and compare which 
presented a better resolution. 
 

3. RESULTS 
 
Initially, the results of the analysis of the images in the central region of the CR plate are 
presented to determine the time of the saturation plates by curve fitting, evaluating the 
variation of the recorded intensity, in the gray scale, in relation to the exposure time for each 
image. 
 
Next, the results of the tests performed using the simulator made of PMMA plates are 
presented, corresponding to a compressed breast and groups of microcalcifications of 
different sizes positioned in a dispersed manner and at different heights within the volume of 
the breast phantom. 
 

3.3. Determination of the saturation time of CR plates 
 
The correlation of the exposure time with the recorded intensity variation, in grayscale, by 
means of curves fitting of the experimental data was determined the time for which the CR 
plate begins to saturate when a direct exposure is made. The saturation curves for plates A 
and B are presented in Figure 6. 
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Figure 6: Curves of the logarithmic fitting of the degree of darkening on the gray scale in 
relation to the exposure time for both CR plates. 

 
The obtained curves that correlate the variation of the recorded intensity (I) with the exposure 
time (t) are defined through equation 1, whose values of the constants are presented in Table 
3. 
 

( )ctbaI +⋅−= ln                (1) 
 

Table 3: Values of the coefficients of the fitting curves for both CR plates. 

CR plate Tension 
(kV) Correlation coefficient 𝒂𝒂 𝒃𝒃 𝒄𝒄 

A 30 0.999 3847.52 -449.88 0.25 

B 30 0.995 3871.13 -281.50 -0.16 
 
The saturation times obtained for the direct exposure of the CR plates, analyzing the central 
region of the image, are presented in Table 4. 
 

Table 4. Estimated saturation time for each CR plate. 

CR plate Saturation time 
(s) 

A 1.98±0.01 

B 2.36±0.02 
 
With the voltage selected for this study, the maximum intensity value recorded in the digital 
images was 4095, which represents the highest value of the scale for both CR plates. 
 

3.4. Qualitative determination of the resolution of CR plates 
 
Figure 7 shows the amplified images of the region where the largest microcalcifications 
(greater than 300 μm) are found at different heights inside the breast phantom with a 
thickness of 50 mm for plates A and B. 
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Plate A Plate B 

  
Figure 7: Amplified view of the region where the largest microcalcifications are found. 

 
By comparing the images obtained with the two plates, it is possible to easily observe the 
microcalcifications of sample No. 1, which are at the heights of 45 and 10 mm (closer to the 
upper and lower surface of the simulator, respectively), compared to the Images of the same 
microcalcifications when they are at the intermediate heights of 40, 30 and 20 mm. 
 
In digital images, when viewed on a monitor, the microcalcifications of Sample No. 2, whose 
sizes are between 177 and 300 μm, can also be slightly identified. 
 

4. CONCLUSIONS 
 
The CR digital mammography system is widely used in Brazil and the knowledge of the 
characteristics and the response of the CR plates when different exposure parameters are 
applied are essential to obtain good quality images in order to reduce the energy deposited in 
the patient. 
 
The logarithmic behavior of the recorded intensity exhibits a saturation region occurring at 
lower exposure times for higher X-ray tube supply voltage values. When the CR plate 
operates in regions close to saturation, the plate enters a process of loss of sensitivity, which 
must be avoided, since the patient can receive an unnecessary amount of deposited energy, 
also compromising the quality of the image. 
 
By comparing the saturation time for the 30 kV voltage of the plate A with the saturation time 
corresponding to the plate B, it can be verified that for this voltage, this last plate takes a 
longer time to reach saturation. 
 

45 mm 40 mm 

30 mm 20 mm 

10 mm 

 
45 mm 40 mm 

30 mm 20 mm 

10 mm 
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In this study, it was also observed that only the largest size microcalcifications (greater than 
300 μm) are easily distinguishable in the mammographic image using the mammographic 
large focus spot. 
 
The resolution of the CR plate does not always guarantee that in the digitized image it will be 
possible to visualize small structures of interest for the diagnosis of the breast, especially 
when the size of these structures is comparable to the resolution of the CR plate used, as is 
the case with the microcalcifications used for this study. 
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