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Abstract 
 

Cancer is one of the leading causes of mortality in the world. In 2012, about 14 million 

new cases were registered, of which 1.6 million are breast cancer, according to the World 

Health Organization. The National Cancer Institute of Brazil estimated 57 thousand new 

cases of breast cancer by 2016. Mammography is the imaging technique most used 

worldwide for the early diagnosis of breast cancer. Computed radiography plates (CR) 

are used for digital radiography, and are widely used to obtain digital mammograms. 

This work aims to evaluate the response of CR plates to the variation of exposure in 

mammography equipment. Three CR plates for mammography of different models were 

used for the study. X-ray beams were selected to perform successive exposures of CR 

plates by varying the exposure time. These exposures were performed to obtain raw 

images that were subsequently analyzed using ImageJ software, from which the value of 

intensity recorded in the central region of each image was obtained, correlating it with 

the exposure time. From these data the necessary correlations were made to determine 

the exposure time for which the CR plate begins to saturate, observing that the saturation 

occurs first for the highest value of the applied voltage. Finally, successive exposures of 

the CR plate were made using the compressed breast simulator made of acrylic plates 

and containing microcalcifications of different sizes to determine the qualitative 

resolution of CR plates, observing that only microcalcifications above 177 μm are visible 

in the image. The knowledge of saturation characteristics and resolution of the CR plate 

allows the selection of more adequate parameters to work without approaching the 

saturation region. 
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1.- INTRODUCTION 

 

Today, breast cancer is one of the most deadly diseases in the world. This fact is related to 

the difficulty of obtaining an early diagnosis, since it is often a lesion that is easily confused 

with the breast tissue and has a rapid development. In Brazil, according to INCA, it is 

estimated that more than 57 thousand new cases of breast cancer occur annually [Ministério 

da Saúde, 2016]. 

 

Mammography, which 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 [Castillo et al., 2015; Dantas, 2010]. 

 

Currently there are two generic types of detection systems for digital mammography. The 

first one incorporates a photostimulable phosphor plate, placed inside a cassette during the 

exposure and designated as CR computed radiography. These systems record the variation of 

the intensity of the X-ray beam incident on the surface of the detector, after being attenuated 

by the medium passing through [Dance et al., 2014]. Systems containing other types of 

detectors, normally integrated into the system rather than separate cassettes, are referred to as 

DR digital radiography systems [Mawdsley et al., 2011; Torres, 2010]. 

 

Indications for the presence of breast cancer may be based on four types of records that 

appear in mammographic images: the morphology characteristic of a tumor mass, with 

irregular and spiculated margins; presence of calcifications; distortions of tissue normality 

patterns generated by the disease; asymmetry between corresponding regions of the left and 

right breasts [Dance et al., 2014]. 

 

According to the Brazilian Ministry of Health, approximately half of the cancers discovered 

through mammography images are due to the registration of microcalcifications. The registry 
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of microcalcifications 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. Almost 90% of 

cases of ductal carcinoma are associated with microcalcifications [Ministério da Saúde, 

2002]. 

 

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 is suggested for the qualitative evaluation of the resolution of the CR plate. 

 

 

 

2.- MATERIALS AND METHODS 

 

For the development of this study, two CR plates were used which were each exposed 

in a different mammographic X-ray equipment. The main characteristics of these 

equipment will be presented next, denominated of A and B. 

 

 

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 [VMI 

Indústria e Comércio LTDA, 2002]; a CR plate for mammography of size 18 x 24 cm
2
, 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 [Konica 

Minolta INC, 2016].  
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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, model Senographe DMR, shown in figure 2a, 

which has a rotating anode and anode/filter combinations Mo/Mo, Mo/Rh and Mo/Al 

[MEDWOW LTD, 2014], a CR plate for mammography of size 18 x 24 cm
2
, manufactured 

by Fujifilm, model IP Cassette type DM, shown in Figure 1b, and its respective scanning unit 

FCR Profect One, presented in Figure 1c, which according to the manufacturer, has a reading 

functional at pixel size of 50.00 μm [Fujifilm Corporation, 2013]. 
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Figure 2.- Mammographic system B: Mammograph GE Senographe DMR (a), CR plate IP 

Cassette type DM (b) and scanning unit FCR Profect One (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 was chosen, using anode/filter combination of Mo/Mo, of 30 kV and 70 mA, to 

perform successive exposures of the plate by varying in time from 0.5 s to 2.5 s, with 0.5 s 

steps, keeping the distance between the focus and the detector constant at 53 cm. This 

procedure was performed with the mammograph placed in manual mode to be able to 

manipulate the control parameters. 
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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 saved in .raw 

(unprocessed) format. The size of the images obtained with the A-plate was 4040×5416 

pixels, with a resolution of 22.86 pixels.mm
-1

, for the B-plate the images had a size of 

3540×4730 pixels and a resolution of 20 pixels.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, a basic breast phantom was 

developed using six semicircular acrylic plates of polymethylmethacrylate (PMMA) 

[Nacimento de Carvalho, 2013], 10 mm and 5 mm of thick and 90 mm of diameter. The plates 

that were used to determine the resolution of the CR plates are presented in Figure 3. 

 

 

Figure 3.- Semicircular plates of acrylic of polymethylmethacrylate. 
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In parallel, to simulate mammary calcifications, calcium agglomerates [Nys et al., 2004] were 

produced, which have as their main component, 95% by weight, calcium carbonate [Hincke et 

al., 2012]. 

 

These agglomerates were separated according to the size of their particles using laboratory 

sieves for granulometric analysis, Bertel brand, of different openings. 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 

[Bertel Industria Metalurgica Ltda, 2011] 

 

By this procedure, six calcium 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, labeled Novel, each sample particle 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 template 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. 
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This PMMA plate, along with the other plates, will be used in this study to simulate 

microcalcifications within a compressed breast, compressed breast phantom. 

 

Finally, for the acquisition of the images with the compressed 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, current of 70 mA and anode/filter of Mo/Mo. 

 

With the thickness of the compressed 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 breast phantom for each thickness are presented 

in Table 2. 

 

 

 

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. 
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3.- RESULTS AND DISCUSSION 

 

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 compressed breast phantom 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. 

 

3.1.- Qualitative determination of the resolution 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. 

 

 

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. 
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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  

Voltage 

(kV) 

Correlation 

coefficient 
      

A 30 0,999 3733,70 -453,98 0,25 

B 30 0,997 3786,19 -349,89 -0,09 

 

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 2,31±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. 

 

 

3.2.- 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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By comparing the images obtained with the two plates, it is possible to easily observe the 

microcalcifications with a size greater than 300 μm, which are at the heights of 45 and 10 mm 

(closer to the upper and lower surfaces, 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, microcalcifications between 177 and 300 μm can also be slightly identified 

when viewed on a monitor. 

 

 

Plate A Plate B 

 
 

Figure 7.- Amplified view of the region where the largest microcalcifications are found (a size 

greater than 300 μm). 
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5.- 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. 

 

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. 

 

 

 

 



ISSSD 2017 
September 26 to 30th, 2017.  Santo Domingo, Dominican Republic. 

 

14 
ISSSD 2017 Proccedings                                                                                                                                          Volumen 1 

 

Acknowledgments 

The authors are grateful to the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior 

(CAPES), Fundação de Amparo à Pesquisa do Estado de Minas Gerais (FAPEMIG) and the 

Nacional de Desenvolvimento Científico e Tecnológico (CNPq) for the support. 

 

 

REFERENCES 

Bertel Industria Metalurgica Ltda. [Online]. Peneiras Granulométricas (Tamis). (2011). 

Available: http://www.bertel.com.br/peneira.html. [Reviewed on july 2017]. 

Castillo M.; Chevalier M.; Calzado A.; Garayoa J.; Valverde J. Estudio de los valores de 

dosis a pacientes en exàmenes de tomosíntesis de mama estimados con dos métodos 

distintos. Revista de Física Médica , vol. 16, nº 3, pp. 35-46, 2015. 

Dance D. R.; Christofides S.; Maidment A. D. A.; McLean I. D.; Ng K. H. DIAGNOSTIC 

RADIOLOGY PHYSICS: A handbook for teachers and students. Vienna: IAEA, 2014. 

Dantas M. V. A. (2010) Dose glandular e controle de qualidade da imagem em serviços de 

mamografia com sistema de radiografia computadorizada. M.Sc. Dissertation. Centro 

de Desenvolvimento da Tecnologia Nuclear. Belo Horizonte. 2010. 

Fujifilm Corporation [Online]. FCR Cápsula XLII. (2013). Available: 

http://www.fujifilm.com/products/medical/products/computed_radiography/capsula_xl2

/. [Reviewed on march 2017]. 

Hincke M. T.; Nys Y.; Gautron J.; Mann K.; Rodriguez A. B. N.; McKee M. D. The eggshell: 

structure, composition and mineralization. Frontiers in Bioscience, vol. 17, pp. 1266-

1280, 2012. 

Konica Minolta INC. [Online]. Regius Model 110HQ. (2016). Available: 

http://www.konicaminolta.com/healthcare/products/mammo/model110hq/. [Reviewed 

on august 2017]. 

Mawdsley G. E.; Bloomquist A. K.; Yaffe M. J. Digital mammography quality control for the 

mammographic physicist. Toronto, 2011. 

MEDWOW LTD. [Online]. Su plataforma global de equipamentos médicos. Especificaciones 

del fabricante – Senographe DMR, GE Healthcare. (2014). Available: 

<http://es.medwow.com/med/mammography-unit/ge-healthcare/senographe-

dmr/24417.model-spec>. [Reviewed on july 2017]. 



ISSSD 2017 
September 26 to 30th, 2017.  Santo Domingo, Dominican Republic. 

 

15 
ISSSD 2017 Proccedings                                                                                                                                          Volumen 1 

 

Ministério da Saúde. Equipamentos médico - hospitalares e o gerenciamento da manutenção: 

capacitação a distância. S. J. Calil, Ed., Brasilía: Ministério da Saúde, 2002, p. 709. 

Ministério da Saúde. [Online]. Instituto Nacional do Câncer. (2016). Available: 

http://www2.inca.gov.br/wps/wcm/connect/tiposdecancer/site/home/mama. [Reviewed 

on july 2017]. 

Nacimento de Carvalho V. P. (2013) Desenvolvimento de objetos de teste para avaliação da 

qualidade da imagen em mamografia digital. M.Sc. Dissertation. Instituto de 

Radioproteção e Dosimetría CNEN, Rio de Janeiro, 2013, p. 116. 

Nys Y.; Gautron J.; Garcia J. M. R.; Hincke M. Avian eggshell mineralization: biochemical 

and functional chracterization of matrix proteins. General Palaeontology, vol. 13, pp. 

549-562, 2004. 

Torres C. R. The state of the art in technology for digital mammography. Radiología, vol. 52, 

nº S1, pp. 7-13, 2010. 

VMI Indústria e Comércio LTDA. Manual do usuário aparelho de mamografia mod. Graph 

Mammo AF. Código 0043_01/02. 2002. 

  


