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Introduction : 

The present booklet is created from the report of the trainees in the MPE05 module of the pilot 

running of the EUTEMPE -RX course. The content of the reports is not changed. The reports have 

been reformatted to meet a uniform style for the  whole collection. One or two slides used by the 

trainees during their oral presentations are also added to each work. 
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EUTEMPE-RX: European Training and Education for Medical Physics Experts in 

Radiology  

MPE05: Anthropomorphic phantoms  

Applications of anthropomorphic phantoms for design and evaluation  

of advanced x-ray imaging techniques 

 

PROJECT ASSIGNMENT No. 1 

Using computational breast phantom, perform a virtual study to determine  

the potential of breast tomosynthesis for detectability of breast abnormalities,  

compared to conventional  mammography  

 

To be considered: 

¶ Involved Phantom(s) : Breast Phantom ɬ Small to Medium size, Glandular to Dense 

background tissue, Tree ɬ min 15 lactiferous branches in total, include skin and Cooper, 

Output volume matrix size  ɬ 400 x 400 x 400 voxels (or alternatively 500 x 500 x 500 voxels), 

voxel size = 0.25 mm. 

¶ Abnormalities:  One spherical mass abnormality up to 10 mm in diameter  and one cluster of 

microcalcifications with a microcalcification of up to 1  mm in diameter.  

¶ Imaging techniques:  Conventional mammograp hy and Breast tomosynthesis. 

¶ Assumed Incident Dose: 5-12 mGy. 

¶ Any other parameters are by your discretion and preference. 

To be completed:  

¶ Create a phantom, according to the provided specification and add the abnormalities.  

¶ Obtain synthetic conventional mammographic image of the phantom at an energy in the 

range 17..23 keV, selected by your discretion. 

¶ Obtain 10 synthetic mammography images over an isocentric arc (-9 to 9) degree (every 2 

degrees) and 26 synthetic mammography images over an isocentric arc (-25 to 25) degree 

(every 2 degree) at the same energy as above, keeping the total dose the same. 

¶ Add a realistic level of noise, based on the required incident dose. 

¶ Perform image reconstruction at different planes of interest . 

¶ Compare subjectively (visually) the images. 
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¶ Compute objective figure of merits (FOMs) ɬ CNR in the region of the abnormalities and 

compare. 

To be prepared: 

¶ Report: a short written s ummar y of the work and the obtained results ; containing for 

example:  

o appropriate outcome images and profiles  

o tables with computed FOMs 

o discussion of the results and conclusions 

¶ PowerPoint Presentation:  ÛÖɯÉÌɯÜÚÌËɯÍÖÙɯÈɯÚÏÖÙÛɯȹƙɀɯ- ƕƔɀ) oral presentation. 

Useful h ints:  

¶ The tool for the phantom creation is the BreastSimulator tool .  

¶ For introducing abnormalities use the BreastSimulator tool. 

¶ Projection images are generated using the BreastSimulator tool. 

¶ Image reconstruction is performed using FDKR tool. 

References: 
[1]. BreastSimulator User Guide. 

[2]. FDKR User Guide. 
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PROJECT IMPLEMENTATION REPORT  

A virtual study to determine the potential of breast tomosynthesis for detectability of 

breast abnormalities, compared to conventional mammography  
 

©ġÓÌÕɯIÜÉÜÒñÜ(Turkey)  ; Agnieszka Kuchcinska (Poland) ; Nicola Pace (Italy)  

 

 

Introduction  

Virtual anthropomorphic phantoms can be used in order to assess the diagnostic possibilities of 

different imaging techniques. In particular, breast virtual phantoms containing abnormalities may 

be employed in a comparative evaluation of mammography and tomosynthesis.  

 

Materials and Methods  

We developed an anthropomorp hic phantom to simulate a small dense breast using 

BreastSimulator software. Two abnormalities were inserted within the simulated breast:  

Á 1 spherical abnormal mass simulating breast cancer. Radius = 5mm 

Á 1 cluster (of  radius = 10 mm) containing 5 microcalcifications  each max microcalcification 

radius = 0.5 mm. 

Data used for the development of the model are displayed in table 1 and table 2. Simulation was 

performed considering incident photon energy of 20 keV. Two  breast phantoms were simulated 

with  same parameters except attenuation coefficient factor . 

 

Breast 

size 

Nipple 

size 

Total 

Ducts 

Cooper 

ligaments 

(radius) 

Matrix 

size 
Voxel size Nwalks Nsteps 

40x40x40

mm 
4x4x5mm 16 (4x4) 

50000 

(2mm) 

400x400x

400 
0.25 1000 1000 

 Table 1: input parameters for the used breast model 

 

Element Attenuation coefficient @ 20keV (mm-1) 

Semiellypsoid, hyperboloid, nipple, ducts, cooper 

elements, skin 
0.070 

microcalcifications 1.835 

Abnormal mass лΦнлл όǇƘŀƴǘƻƳ ΩмΩύκ лΦфл όtƘŀƴǘƻƳ ΩнΩύ 

Table 2: attenuation coefficients assumed 
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Correct localization of both abnormalities and microcalcification was based on generated model. 

Figures below show phantom visualization. Table 3 show example of localization for cluster and 

ÈÉÕÖÙÔÈÓÐÛàɯÍÖÙɯ×ÏÈÕÛÖÔɯȿƖɀȭ 

 
µCaCO3 

ȿƕɀ 

µCaCO3 

ȿƖɀ 

µCaCO3 

ȿƗɀ 

µCaCO3 

ȿƘɀ 

µCaCO3 

ȿƙɀ 
mass 

X [mm]  11,9 14,42 12,62 13,63 12,15 -3 

Y [mm]  12,59 14,22 10,83 15,03 12,11 -11 

Z [mm]  9,26 3,64 3,93 -2,97 6,21 -12 

Table 3: ÓÖÊÈÓÐáÈÛÐÖÕɯÖÍɯÈÉÕÖÙÔÈÓÐÛÐÌÚɯÐÕɯ×ÏÈÕÛÖÔɯȿƖɀ 

 

 

 

 

 

 

%ċÎɯ ƕȯɯ ÚÒÐÕɯ ÈÕËɯ ËÜÊÛɯ ÚàÚÛÌÔɯ

×ÏÈÕÛÖÔɯȿƖɀɯ 

%ċÎɯƖȯɯ/ÏÈÕÛÖÔɯȿƖɀɯàÌÓÓÖÞɯÊÖÓÖÙɯ

represent abnormality, green 

color Cooper ligaments 

 

%ċÎɯƗȯɯ/ÏÈÕÛÖÔɯȿƖɀɯÉÈÚÐÊɯÝÐÚÜÈÓÐÚÈÛÐÖÕ 

After the generation of the simulated breast, XrayImagingSimulator was used in order to ge nerate 

a synthetic X-ray image obtained through conventional mammography (single CC projection), a 

tomosynthesis reconstructed synthetic image generated from 10 planar acquisition ranging in 

angles between -9 and 9 degrees, and a tomosynthesis reconstructed synthetic image generated 

from 26 planar acquisitions ranging in angles between -25 and 25 degrees with step 2 degree. 

Reconstruction was made using FDKR Software.  

Images obtained were analyzed with ImageJ software in order to investigate differences in  

diagnostic capabilities for abnormal masses of the different radiographic techniques considered. 

Major outcome for comparison was the figure of merit (FOM) ɬ CNR in the region of the 

abnormalities. 

Other simulations accounting for different abnormality at tenuation coefficient, different photon 

energy and different breast density were made in order to explore the variability of results.  

 

Results 

6ÌɯÖÉÛÈÐÕÌËɯƗɯÐÔÈÎÌÚɯÍÖÙɯ×ÏÈÕÛÖÔɯȿƕɀɯÚÐÔÜÓÈÛÐÕÎɯ×ÓÈÕÈÙɯÔÈÔÔÖÎÙÈ×ÏàɯȹÍÐÎɯƘȺɯÈÕËɯÛÖÔÖÚàÕÛÏÌÚÐÚɯ

acquisition (fig 5 and 6). Abnormal mass was well displayed in all the three images (fig 4 to 6). 
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Inter -reader variability was assessed, with an agreement on detectability of abnormalities of 100% 

across the three Readers on all the three images.  

%ÖÙɯ×ÏÈÕÛÖÔɯȿƖɀɯËÌÛÈÐÓɯÛÖÔÖÚynthesis analysis was performed and very accurate localization of 

micro calcification was obtained.  

For 2D mammography FOM was also calculated for other suspicious part of the image in order to 

simulate false positive investigation for dense breast. For pÏÈÕÛÖÔɯȿƖɀɯÖÛÏÌÙɯÙÌÎÐÖÕɯÏÈÚɯÏÐÎÏÌÙɯ

FOM than real abnormal mass. In order to check possible improvement of system performance for 

dense breast and low difference of attenuation factor between abnormality and background Dual 

energy image simulation was done.  

Agreement between simulated Phantoms background was find, for both phantoms mean pixel 

value was 1, 46. ROI analysis yielded the results listed in tables 3, and figure 10-11. 

 

 2D mammography -9  ̄to 9  ̄tomosynthesis -25̄  to 25̄  tomosynthesis 

ROImass mean 3.40 0.29 0.25 

ROImass stdev 0.35 0.06 0.02 

ROIbkgd mean 1.46 0.06 0.01 

ROIbkgdstdev 0.21 0.06 0.03 

CNR 4.51 3.83 12.00 

Table 3: 1.(ɯ ÕÈÓàÚÐÚɯÍÖÙɯ/ÏÈÕÛÖÔɯȿƕɀ 

 

 

 

 

 

 

%ċÎɯƘȯɯÚàÕÛÏÌÛÐÊɯ7-ray image of 

×ÏÈÕÛÖÔɯ ȿƕɀɯ ÖÉÛÈÐÕÌËɯ ÛÏÙÖÜÎÏɯ

conventional mammography 

%ċÎɯƙȯɯÛÖÔÖÚàÕÛÏÌÚÐÚɯÙÌÊÖÕÚÛÙÜÊÛÌËɯ

ÚàÕÛÏÌÛÐÊɯÐÔÈÎÌɯÖÍɯ×ÏÈÕÛÖÔɯȿƕɀɯɯ

generated from 10 planar 

acquisition ranging in angles 

between -9 and 9 degrees 

 

%ċÎɯ ƚȯɯ ÛÖÔÖÚàÕÛÏÌÚÐÚɯ ÙÌÊÖÕÚÛÙÜÊÛÌËɯ

ÚàÕÛÏÌÛÐÊɯ ɯ ÐÔÈÎÌɯ ÖÍɯ ×ÏÈÕÛÖÔɯ ȿƕɀɯ

generated from 26 planar acquisitions 

ranging in angles between -25 and 25 

degrees 

   



 

 12 

   

%ċÎɯƛȯɯËÌÛÈċÓɯÖÍɯÛÏÌɯÈÉÕÖÙÔÈÓɯÔÈÚÚɯ

ËċÚ×ÓÈàÌËɯ Éàɯ Ɩ#ɯ ÔÈÔÔÖÎÙÈÔɯ

ȹ/ÏÈÕÛÖÔɯȿƕɀȺ 

 

%ċÎƜȯɯ ËÌÛÈċÓɯ ÖÍɯ ÛÏÌɯ ÈÉÕÖÙÔÈÓɯ ÔÈÚÚɯ

ËċÚ×ÓÈàÌËɯÉàɯ-9  ̄ to 9̄  tomosynthesis 

ȹ/ÏÈÕÛÖÔɯȿƕɀȺ 

 

%ċÎɯƝȯɯËÌÛÈċÓɯÖÍɯÛÏÌɯabnormal mass 

ËċÚ×ÓÈàÌËɯ Éàɯ-25̄  to 25̄  

ÛÖÔÖÚàÕÛÏÌÚÐÚɯȹ/ÏÈÕÛÖÔɯȿƕɀȺ 

 

 

 

 

 

 

 ABN  FP  

ROI mass mean  3.24  3.84  

ROI mass stdev  0.30  0.49  

ROI bkgd mean  1.46  1.46  

ROI bkgd stdev  0.57  0.57  

CNR  3.10  4.14  
 

  

 ABN  FP  

ROI mass mean  3.24  3.84  

ROI mass stdev  0.30  0.49  

ROI bkgd mean  1.46  1.46  

ROI bkgd stdev  0.57  0.57  

CNR  3.10  4.14  
 

 

%ċÎɯ ƕƔȯɯ /ÏÈÕÛÖÔɯ ȿƕɀȰɯ ÞÐÛÏɯ ÈÉÕÖÙÔÈÓɯ ÔÈÚÚɯ

attenuation coefficient 0,200 [1/mm] 

 

 %ċÎɯ ƕƕȯɯ /ÏÈÕÛÖÔɯ ȿƖɀȰɯ ÞÐÛÏɯ ÈÉÕÖÙÔÈÓɯmass 

attenuation coefficient 0,090 [1/mm] 
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Fig 12: 3ÖÔÖɯÈÕÎÓÌɯƝɯÙÌÊÖÕÚÛÜÊÛÐÖÕÚɯ×ÓÈÕÌÚɯÖÍɯ×ÏÈÕÛÖÔɯɯȿƖɀɯÊÖÕÛÈÐÕÌËɯÔÐÊÙÖÊÈÓÍÐÍÐÊÈÛÐÖÕ 

 (automatic contrast of image adjustement). 

 

 
Fig 13: 3ÖÔÖɯÈÕÎÓÌɯƝɯÙÌÊÖÕÚÛÜÊÛÐÖÕÚɯ×ÓÈÕÌÚɯÖÍɯ×ÏÈÕÛÖÔɯɯȿƖɀ contained microcalfification  

(contrast of image adjusted by operator). 

 

 
Fig 14: 3ÖÔÖɯÈÕÎÓÌɯƝɯÙÌÊÖÕÚÛÜÊÛÐÖÕÚɯ×ÓÈÕÌÚɯÖÍɯ×ÏÈÕÛÖÔɯɯȿƖɀɯÊÖÕÛÈÐÕÌËɯÔÐÊÙÖÊÈÓÍÐÍÐÊÈÛÐÖÕ 

 (automatic contrast of image adjustement). 
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%ċÎɯƕƙȯɯ+ÖÞɯÌÕÌÙÎàɯÐÔÈÎÌɯ

ɬ phantom ȿƕɀɯȹ(ÔÈÎÌɯ)Ⱥ 

 

%ċÎɯ ƕƚȯɯ 'ÐÎÏɯ ÌÕÌÙÎàɯ

image ɬ ×ÏÈÕÛÖÔɯ ȿƕɀɯ

(Image J) 

%ċÎɯƕƛȯɯ"ÖÔÉÐÕÌËɯÐÔÈÎÌɯ

ɬ ×ÏÈÕÛÖÔɯ ȿƕɀɯ 

(Image J) 

 

%ċÎɯƕƜȯɯ+ÖÞɯÌÕÌÙÎàȮɯÏÐÎÏɯ

energy, combined images 

(XraySimulator 

 

Conclusions  

Simualtion of 2D irradiation  and obtained images showed that for  high density breast 2D 

mammography can provide false positive results.  

Tomosynthesis was found better for microcalcification  detectability, althought in case of very 

low difference in attenuation coefficient between abnormal mass and bacground it was found that 

any method that was under investigation can contribute to correct diagnosis  

Special care should be taken when choosing between phantom models (solid state vs. Voxels) 

and Software used for obtaining image simulation  

Using mathematical antropomorhic phantom can contribute to virtual clinical studies . 

From the presentation:  

 












































































