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ABSTRACT 
 

 

The measurement of the thickness of a compressed breast during the mammography test is necessary in 

order to calculate the glandular dose in mammography procedures, in an analysis of risk/benefit, given 

that the target organ in these procedures is highly sensitive to ionising radiation. However, mammography 

is a test of utmost importance in diagnosis. In theory, it may be possible to calculate the thickness of the 

compressed breast through the measurements of the focus object distance by using projections of radio 

opaque objects fixed to the compression tray. The facilities of the Laboratory of Applied Radioprotection 

to Mammography   – LARAM were used for this study, as well as breast simulators with well defined 

thickness, in the assembly of the techniques for the measurement of the thickness of the compressed 

breast. The results showed that it is possible to determine this thickness through calculations and 

simulators through this method which is susceptible to be adequate to the dosimetry. 

 

 

1. INTRODUCTION 

 

Breast cancer is the common cancer in women and an early detection is of utmost 

importance in its treatment [1].  Mammography is an image diagnosis test which uses an 

X-ray source to generate images of the mammary tissue. At present it is the most 

effective method for diagnosing the disease, which is the main cause of women deaths 

in Brazil [2,3]. For this reason, in recent years there has been a growing concern with 

the improvement of the technology addressing image quality in mammography, 

characterized mainly by a better contrast of the structures to be analyzed, given that   

normal and the pathological breast tissue have similar radiological densities. The main 

factors that may limit this contrast include, the energy of the beam, processing of the 

film, radiation quantity measured by the miliamper product – seconds (mAs), means of 

mailto:mnogue@cdtn.br


visualization and long term storage. These limitations may lead to the loss of contrast in 

the image, especially when the conditions of exposure or processing of the film result in 

a reduction of optical density in tissues affected by the lesion. 

Scientific literature has presented tight association between the risk of breast cancer and 

mammographic density. This fact calls for a precise estimation of the paths tread by the 

X- rays in the breast. In order to achieve this information, the relative proportion of the 

glandular and adipose tissue is estimated by calculating the volumetric density of the 

breast. The risk is associated with the glandular tissue and the thickness of the breast 

irradiated influence these values. A large number of methods used to determine the 

volumetric density of the breast are based on the segmentation of each glandular and 

adipose tissue. [4, 5]. 

Gordon et.al.[6] refer to the measurement of thickness of the breast by using optical 

stereoscopic photogrammetry, which is nothing but two digital cameras coupled to the 

X- ray tubes of the mammographer and directed to the breast compression tray. When 

the breast is compressed, the two cameras start running and a photograph is taken. 

Having the digitalized image, the authors, by using the distance point-focal –table of the 

breast compression, came to the value of the compressed breast. The authors, in the 

research, built phantoms of different thickness and shapes similar to the actual breast to 

be utilized with different compression stresses. In the research, these breast simulators 

were compressed using different compression stresses in various types of 

mammographers.  Also, in the research, these breast simulators were compressed by 

using different compression stresses in several types of mammographers and the 

thickness of the simulator was measured.  

The glandular dose is to be measured taking into consideration the quality of the image, 

input dose and thickness of the breast, the knowledge of the thickness, may provide a  

relation between the quality of the image and the size of the breast, thus proving the  

radiographic technique effective [7].   

In the research a methodology for determining the thickness of the compressed 

breast was utilized.  A measurement standard using different thickness of breast 

simulators aiming at developing a methodology addressing the determination of the 

thickness of the compressed breast, as well as characterizing the parameter necessary in 

the calculation of the average glandular dose was carried out at the facilities of the 

Mammography Laboratory of CDTN - LARAM (Laboratory of Radioprotection 

Applied to Mammography). The parameters established will be adapted to the local 

reality in order to render a more precise estimation of the risk associated with the 

mammography tests. 

 
 

 

2. MATERIALS AND METHODS  
 

 

To assemble the technique, the Laboratory of Applied Radioprotection to 

Mammography – LARAM – was used, where a mammography facility is installed - 

model MAMMOMAT 3000 Nova (Siemens, Germany), with different anode/filter 

combinations. Breast simulators having well defined thickness varying from 0.5 cm to 8 

cm model BR FAT 2372-B-B (Fig. 1) were also used, as well as systems of processing 

and image acquisition – a Kodak processor model M35 X- OMAT, films and cassettes, 

radio opaque objects 1.5 cm thick each, negathoscope for the analysis of the images 

processed and a caliper for the measurements of the object film distances.   



Measurement patterns with different breast sizes were assembled (Fig. 1). 

 

  

 
Figure 1:  BR FAT 2372-B- Simulator 

 

 

 

 

To meet the proposal of this research, the methodology proposed by BURCH et. al. was 

applied [7], where least markers were positioned in different points of the compression 

tray, providing an indication projected in the film. (Fig. 2). 

 

Fig 2 shows the position of the  1.5 mm radio opaque  markers  which were positioned 

on the corners of a rectangle slightly smaller than the compression tray of the 

mammographer and attached to the upper surface of the compression tray, after this 

procedure, breast simulators of various thickness - from 0.5 cm to 0.8 cm were 

positioned. Then they were compressed until they reached the thickness of the 

simulator, starting from zero thickness up to 0.5 cm, 1.0cm, 1.5 cm and on to values 

from 05, to 0,5 until they reached the maximum thickness of the simulator, which is 8.0 

cm 

 

 

 

 

 
 

Figure 2: Assembly of the technique 

 

 

 



 The projection of the lead markers on the films (Fig 3) was used to calculate the 

thickness of all breast simulators, considering the object/film distances.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Radiographic image in the breast simulator and test object 

 

 

 

 

The films processed showed marker images; the distances between these markers were 

referred to as markers separation. The way to determine the thickness of the simulator 

through the radiographic image of the test object is represented in the equation below. 
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Where: 

T= breast thickness 

FFD= Distance focus detector 

m= distance between test objects points 

d1= thickness of the test object + tray thickness  

d2= chassis thickness  

The marker separations were measured for each film, then the calibration lines were 

used to calculate the thickness of the breast. The accuracy of the technique at each 

point, was measured by the calculation of the average difference between the calculated 

thickness and the thickness of the simulator, BR FAT 2372-B-B. 
 

 

3. RESULTS 

 

The graph was drawn by using the values obtained in equation 1 in function of the 

distance between the lead markers determined in the radiographic images - as 

represented in picture 4. 

 

 



 

 
 

 

Picture  4: Representation of the breast thickness in function of the distance 

between the lead markers. 

 

 

 

 

Figure 4 shows that according to the distance between the points it is possible to reach 

the thickness of the simulator. The values of inclination obtained were consistent with 

the acknowledged value of the focus–film distances and spacing of the markers, leading 

to the already acknowledged thickness of the simulator.  

The measurements showed that the relation between the separation of images through 

the separation of markers can be demonstrated in practice with actual breasts. The 

thickness of the breast in the most influential factor as radiation in the patient is 

concerned. Various studies have demonstrated that the Kerma in the incident air 

(INAK) as well as the glandular dose (Dg) rises as the thickness of the compressed 

breast increases, thus showing the importance to know the thickness of a compressed 

breast.  

             

                                                     4. CONCLUSIONS 

 

The results showed that it is possible to estimate the thickness of the compressed breast 

through the calculations by attaching radio opaque objects over the compression tray 

and by calculating the object film distance between one point and the other so that the 

thickness of the compressed breast can be attained. The calibration measurements 

showed that the theoretical relationship between marker image separation and paddle 

height could be demonstrated in practice. 

This study serves as basis for more detailed research, where, by using this technology it 

can be applied in actual breasts in mammography clinics so that  the Kerma in air at the 

input surface on the skin can be assessed (ESAK), always aiming at assessing the image 

quality in its physical and chemical aspect. The Average Glandular Dose also has to be 

assessed with a view to estimate the risk of cancer induction. 
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