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Abstract: Physical breast phantoms would be useful for the development of a dedicated breast computed tomography
(BCT) system and its optimization. While the conventional breast phantoms are available in compressed forms, which
are appropriate for the mammography and digital tomosynthesis, however, the BCT requires phantoms in uncom-
pressed forms. Although simple cylindrical plastic phantoms can be used for the development of the BCT system,
they will not replace the roles of uncompressed phantoms describing breast anatomies for a better study of the BCT.
In this study, we have designed a numerical voxel breast phantom accounting for the random nature of breast anat-
omies and applied it to the 3D printer to fabricate the uncompressed anthropomorphic breast phantom. The numerical
voxel phantom mainly consists of the external skin and internal anatomies, including the ductal networks, the glan-
dular tissues, the Cooper’s ligaments, and the adipose tissues. The voxel phantom is then converted into a surface
data in the STL file format by using the marching cube algorithm. Using the STL file, we obtain the skin and the
glandular tissue from the 3D printer, and then assemble them. The uncompressed breast phantom is completed by
filling the remaining space with oil, which mimics the adipose tissues. Since the breast phantom developed in this
study is completely software-generated, we can create readily anthropomorphic phantoms accounting for diverse
human breast anatomies.
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Fig. 1. Schematic illustration of the development of voxel-based anthropomorphic breast phantom.
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Table 1. Built-in random number functions in the Matlab and their applications in this study.

Function name Description

Instruction

Application

R = normrnd

normrnd Normal distribution (mean, standard deviation) Cooper’s ligaments ductal cylinders

rand Uniform distribution R =rand 3D white spectrum child-duct branching
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Fig. 2. Anthropomorphic voxel phantom developed in this
study: volume rendered images of (a) ductal network tissues
and (b) external skins, and (c) the sagittal slice image of the
voxel phantom.
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Fig. 3. The 3D-rendered STL files describing the skin(left)
and the functional units(right). Each STL file consists of
507928 and 1917872 meshes.
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Fig. 4. Fabricated skin and functional units before (a) and
after (b) the removal of supporting rods.
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Fig. 5. The completed breast phantom by combining the skin
and functional-unit parts. The empty space is filled with oil,
which mimics the adipose tissues.
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