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ABSTRACT 
 

Mammography screening remains the best method for monitoring breast pathologies for its ability to detect 
microcalcifications and a need for follow-up of asymptomatic patients. Mammography exams are often 
necessary magnified technique of an anatomical region of interest to supplement the examination. These exams 
require a attention due to proximity to the X ray tube resulting in increasing dose in the patient breast. The 
purpose of this study was to evaluate spatial resolution and the kerma-area product doses in magnified 
mammography for thicker breasts in function of system collimation. Measurements were performed to evaluate 
high contrast spatial resolution and estimated dose related to each exposure in magnified images. The spatial 
resolution were evaluated with spatial resolution pattern model 18-251 by Fluke Biomedical® and 
polymethylmethacrylate (PMMA) plates. Two mammograph equipments were tested, Philips-VMI® model 
Graph Mammo AF and Hologic® Lorad model MIV-113R. The air kerma for each exposure was measured by 
ionization chamber - Radcal® - model 10X6-6M dedicated to mammography and the kerma-area product was 
estimated. Preliminary results demonstrated that kerma-area product for the Philips-VMI® equipment were 
significantly higher - about 3 times - than the estimated kerma-area product doses of the Hologic® Lorad and 
the resolution was reduced when the image was performed without collimation.  This fact can be explained due 
to Philips-VMI® equipment does not have a collimation system. Additionally, the Hologic® Lorad equipment 
presented better image quality compared to Philips equipment.  
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1. INTRODUCTION 

Breast cancer is the most commom in women representing 28% of new cases each year in 
Brazil, according to National Cancer Institute José Alencar Gomes da Silva (INCA). Thus, 
mammography exams are the principal method to diagnosis and prognosis of disease. 
 
In Brazil, the National Agency of Sanitary Surveillance - ANVISA establishes the basic 
guidelines for radiological protection in medical and dental radiodiagnosis [2]. The 
methodologies to evaluate analog mammographic systems are presented in the publication 
"Medical Radiology Diagnostic: Performance of Equipment and Safety" of 2005 [3]. This 
publication does not indicate the minimum tests required for Digital Imaging Technologies 
(DIT), actually present in the Brazilian diagnostic image centers.  For evaluation of digital 
mammography systems, there are some individual local initiatives that adopt the 
methodologies, according to the European Reference Organization for Quality Assurance 
Breast Screening and Diagnostic Service (EUREF) [4, 5].  
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Mammography exams are often necessary magnified technique of an anatomical region of 
interest to supplement the examination. This is due to the initial routine image of the 
examination to indicate the possible pathologies that are difficult to visualize because of 
theirs small sizes, such as microcalcification with dimensions from 0.1mm to 0.5mm in 
diameter [6, 7, 8].  
 
The distance between the focal spot of the X-ray tube and the breast in magnified technique is 
reduced by half compared to the distance used in routine mammograms. Accordingly, the 
dose in the magnified technique is higher as follow the inverse-square law. There is also an 
increase of “blurring diameter” in the image due to the distancing of the breast and DIT [4, 5, 
7]. In this condition, the spatial resolution (SR) of the image can be compromised due to the 
blurring. In DITs image processing helps to improve SR and the signal-to-noise ratio (SNR) 
of magnified mammograms, but increasing the dose is unavoidable. This situation requires a 
collimation that allows exposure only of the clinical interest anatomical region [9]. The SR in 
digital mammography systems is an image quality parameter that should be analyzed, 
according to EUREF and other international publications. However, this test is suggested 
only in the condition of image acquisition routinely not magnified [4, 5, 10, 11]. 
 
The purpose of this study was to evaluate high contrast spatial resolution and the kerma-area 
product in magnified mammograms to thicker breasts in function of system collimation. 
 
 

2. MATERIALS AND METHODS  
 

The study was carried out at the Departamento de Diagnóstico por Imagem of Escola 
Paulista de Medicina of Universidade Federal de São Paulo (DDI - EPM / UNIFESP) at 
Centro de Diagnóstico. Two mammographic equipment were used: Hologic® Lorad-MVI 
and Philips -VMI® Graph Mammo AF; identified as M1 and M2, respectively. M1 has an 
automatic collimation system to delimit the area to be exposed in magnified mammograms 
and the automatic exposure control (AEC) is calibrated for all breast compression 
thicknesses. The M2 does not have collimation system to limit the breast area exposure and 
has only AEC calibration for breasts up to 50 mm thickness[12]. Therefore, the AEC 
techniques of M1 were reproduced manually in M2 to generate similar X-ray spectra, as 
shown in Table 1.  
 

Table 1: AEC techniques of M1 for generation of similar X-ray spectra in M2 and 
respective half value layers (HVL) and entrance skin dose (ESD) applied to magnified 

mammograms 
 

Mammograph

Exposure Conditions

HVL (mmAl) for 
28kV

PMMA thicknesses 
(mm)

40 60 70 40 60 70

Voltage (kV) 29 33 36 30 33 35
Current x  time 

(mAs)
82.3 87 123 82 87 123

ESD (mGy) 24.07 37.43 61.88 23.32 36.86 60.88

M1 M2

Automatic Manual

0.36 0.36
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For the acquisition of images, the DITs used are computed radiography (CR) by two 
manufactures: Agfa®, with reading system CR 85X and image plate (IP) - CRMM 3.0; and a 
FUJIFILM®, with reading system FCR- Profect One and IP - DM H-DB, available in the 
Radiation Protection Laboratory of DDI - EPM / UNIFESP.  
 
All mammographic systems were submitted to the quality management program for digital 
mammography according to the methodologies proposed by EUREF. 
 
High contrast spatial resolution was analyzed in images with magnification (1.8x) and 40, 60 
and 70 mm polimethylmethacrylate (PMMA) thicknesses as illustrated in Fig. 1, with detail 
of the arrangement of the resolution test pattern. The resolution test pattern with five to 
twenty pairs of lines/mm (Fluke Biomedical® model 07-555) was placed in parallel and 
perpendicularly to the chest wall above PMMA plates. 
 

      

 
 

Figure 1: Acquisition geometry and PMMA plates with detail of the arrangement of the 
resolution test pattern. 

 
High resolution monitor 5 MP, Barco® model MDNG – 6121 was used for qualitative 
analysis to visualize the most clearly line pairs resolved. The Image J® program was used for 
quantitative analysis [13]. A plot profile was evaluated to determine the highest and lowest 
pixel value for each line pairs group. The ratio between these values was used in this analysis 
as the contrast of each line pairs group. For each situation, the contrast differences values 
were normalized. 
 
 

3. RESULTS 
 
Table 2 shows the qualitative analysis demonstrating which line pairs groups presented more 
distinct in the high resolution monitor. The highest visible resolution was 10 pl/mm, in the 
simulation with 40 mm of PMMA, when using the system composed by the M1 with the CR 
Agfa®. In this situation, the direction of IP scan reading was the same as the resolution test 
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pattern, which is perpendicular to the chest wall. The lowest resolution was 6 pl/mm for the 
CR Fujifilm®, with 70 mm of PMMA at any position of the resolution test pattern for M1 
and M2.  
 
 

Table 2: Qualitative analysis in the high resolution monitor 
  

Mammograph 
Unit 

CR system 
PMMA 

thickness 
Pairs of line viewed (pl/mm) 

(mm) Parallel Perpendicular 

M1 

Agfa® 
40 9 10 
60 8 9 
70 8 8 

Fujifilm® 
40 8 8 
60 6 7 
70 6 6 

M2 

Agfa® 
40 9 8 
60 8 8 
70 8 8 

Fujifilm® 
40 7 6 
60 8 7 
70 6 6 

 
 

In the quantitative evaluation of the images, the pixel values were plotted on the graph, in 
order to verify the contrast difference in each line pairs group, as exemplified in Fig. 2.  
 

 

Figure 2: (A) resolution test pattern; (B) DICOM digital image displayed in Image J 
program®; (C) constructing a graph from the pixel values. 
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Fig. 3 A, B and C show the relation between the contrast ratio for M1 and M2 and CR Agfa® 
system, when performed with 40, 60 and 70 mm PMMA, respectively. The highest contrast 
ratio was 40 and 60 mm PMMA for M1, when the lines pairs are positioned perpendicular, 
which coincides with the scanning direction of the reading system. For M2 the best relation 
between the contrast ratio was for the thickness of 70 mm of PMMA, with the line pairs 
positioned parallel and perpendicular.  
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Figure 3: Relationship between the contrast ratio for M1 and M2 with the CR Agfa®: 
(A) for 40mm of the PMMA; (B) for 60mm of the PMMA;  (C) for 70mm of the PMMA. 
 
 
In the analysis of the correlation between the contrast ratio for M1 and M2 with the CR 
Fujifilm®, Fig. 4 A, B and C, M1 obtained the highest contrast ratio for all PMMA 
thicknesses in perpendicular position. 
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Figure 4: Relationship between the relative contrast differences for M1 and M2, with 
the CR Fujifilm®: (A) for 40mm of the PMMA; (B) for 60mm of the PMMA;  (C) for 

70mm of the PMMA. 
 
 

The estimated ESD for each exposure was used to calculate the kerma area product (KAP). 
The KAP in M1 and M2 were shown in Table 3. The result obtained had a significant 
increase in KAP values for all thicknesses in the M2. This increase was approximately three 
times higher when compared with M1. 
 

Table 3: KAP of M1 and M2 
 

Mammograph 
Collimator 
size (cm) 

PMMA 
(mm) 

thickness 

Technique PKA (mGy.cm2) 

Voltage 
(kV) 

Current x 
time 

(mAs) 
Mean 

Standard 
deviation 

M1 6.6 x 8.2 
40 29 82.3 1,302.67 5.13 
60 33 87 2,025.71 6.46 
70 36 123 3,349.05 2.34 

M2 12.7 x 13.5 
40 29 82 3,999.07 10.89 
60 33 87 6,319.65 15.65 
70 35 123 10,437.88 25.93 

 
 

For small breast thicknesses, the high contrast resolution is easily visible by digital image 
recording technologies. Although, for large breast thicknesses the evaluation of high contrast 
resolution is important because the increase of secondary radiation. 
 
Another factor that has proved relevant was the calibration of the AEC for thick breast. The 
non-existence of AEC implies that the operator must select the exposure parameters (voltage 
and current) which can increase the possibility of errors and unnecessary repetitions 
exposures. 
 
The KAP results are expressive enough to demonstrate the need for the presence of the 
collimation system in magnified mammograms. This fact proposes a revision in Brazil to 
complement the norms and regulations for digital imaging technologies in radiology. Laws 
that regulate and supervise the health services must develop together with the technological 
evolution in radiologic equipment. 
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4. CONCLUSIONS 

 
In studies with digital images to thicker breasts, the high contrast resolution do not present 
changes in equipment without collimation system for magnified mammograms. However, the 
KAP for equipment without collimation system was elevated and can achieve up to 3 times. 
For future studies, we suggest the analysis of the low contrast resolution in digital images to 
verify if the collimation system does not interfere in image quality. 
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