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Fully-automated registration with patient-specific optimization of Localization of lesions which are only visible in mammography 
registration parameters. (e.g. calcifications) within the corresponding MRI volume.

Registration error in a clinically valuable range below 15 mm. Method may be used for in-depth evaluation of upcoming MRI pro-
tocols focusing on the imaging of calcifications.
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Localizing mammographically depicted fin-
dings in MRI volumes is challenging:

Different image dimensionality

Different deformation state of the breast

Mammogram FEM model
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Fig. 2: Simplified illustration of the registration process: the MRI volume and the corresponding mammogram are used to create
and parameterize an FEM model. After carrying out the compression simulation, a projection image of the deformed volume is
directly comparable to the mammogram.

MRI volume

Fig. 3: Estimation of a lesion position in the three-dimensional MRI volume based on two 
mammograms from cranio-caudal respectively oblique projection angle.
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Fig. 1: Challenging localization - Where is the suspicious 
finding located within the MRI volume?
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(1) Registration by simulating mammographic compression using 
a biomechanical model (Fig. 2).

Finite Element Method for numerical solution.

Hyperelastic Neo-Hookean material model.

(2) Patient-specific optimization of registration parameters by 
image similarity metric.

(3) Backprojection of known lesion position from two mammo-
grams (cranio-caudal + oblique) into artificially compressed 
MRI volumes (Fig. 3)       results in a line (”ray“)

(4) ”Decompression“ of artificially compressed MRI volumes   

       results in curves.

(5) Estimation of lesion position at point of intersection of curves 

   results in a 3D point.
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Results

Fig. 5: Estimation of a lesion position in the MRI volume. Volume rendering with estimated position
(green dot), position marked by an expert (yellow dot), backprojection curves from cranio-caudal
(red) respectively medio-lateral oblique (blue) mammogram.
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47 datasets from clinical routine (University Hospital of Jena, 
Germany) with visible lesions marked by experts.

Optimization of registration parameter ”mammographic projection 
angle“ by maximization of Normalized Mutual Information.

Mean registration error: 14.3 mm (median: 13.4 mm, SD: 8.8 mm)

MRI slice containing the center point of the lesion could be estima-
ted with an uncertainty of ± 2.4 slices (Fig. 5).

Fig. 4: Histogram of the registration error.
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