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I Introduction

Female breast cancer is one of the most frequent causes of
death in the female population of all age groups today. Many
research groups have worked on mammogram computer pro-
cessing with various degrees of success. Calcifications and
their relatively well-known links with various breast disorders
are most frequently used for valuation of malignity. These
calcifications can be viewed as individual objects or clusters of
them (if present) can be investigated. A classical mammo-
graphic investigation provides two photos from two different
angles, while the breast is being compressed by compress
plates. This procedure does not allow us to classi$' the shape
of the calcifications in their three-dimensional appearance,
but only as a projection from two different directions. This is
frequently adequate to determine whether they are malig-
nant. Howevel a cluster is a three-dimensional structure
in grain and it can only with difliculty be assessed in its origi-
nal 3D form on the basis of two projections. I will suggest

Table I Progress of reconstruction and decompression

a way to obtain this information more exactly without needing
to produce more photos. It means that we can gain more
diagnostic insight without modifying the classical investiga-
tion. For the purposes of this investigation we will assume
a mammogram in its digital form, acquired by a digital
mammograph or digitized out of a film.

2 Recording method
The situation during recording and subsequent process-

ing is summarized in Table l. A female breast is held
in so-called compress plates before photography (phase l).
There are many sound reasons for this step, and it is used
for all mammographic investigations today. Howeve! this
step makes it somewhat harder to classify the objects in
the breast, especially the calcification clusters and micro-
calcifications, because mammograms provide a picture of
a compressed breast. If we obtain a reconstructed three-di-
mensional picture of a breast, it is necessary to remember

Phase Reality hojection data

Projection (2D)

2 Reconstruction (3D)

3 Decompression (3D)
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that we are dealing with a compressed breast (phase 2). Thus
we have to decompress the three-dimensional structure ac-

quired from mammograms by a reverse process (phase 3).

3 Reconstruction
For the purposes of reconstruction if is suitable to set up

a co-ordinate system reflecting the conditions during photog-
raphy and during subsequent analysis, see Frg. L Let us
assume that a breast nipple (M) between compression plates
(l) is positioned approximately in a parallel plane half way
between the plates (2). This holds only if we allow definite
deviation, but on the other hand there is no other better fixed
point in this system and we have to accept this presumption
and attempt to correct any deficiencies. The position of the
nipple (M') can be determined well in the resultant photos
(3). It is therefore appropriate to set the beginning of the
co-ordinate system at the center of the nipple. As regards the
method for holding the breast in the compress plates, the axis
can be led through the center ofthe breast and through the
nipple upright to the plane of the body. This axis will be
pointed away from the nipple toward the body - and in this
way the orientation of they-axis can be defined. Then we can
have the z-axis vertical liom the nipple to the half-space in
which the X-ray tube is focused (F). The x-axis then logically
fulfills a clockwise coordinate system.

Fig. l: Definition ofthe co-ordinate system

Have in mind that:

l. at every investigation the plane parallel to the compres-
sion plates and passing through the nipple is not affected
by compression,

2. since one dimension of the breast always remains un-
compressed, the axis of the breast passing through the
nipple is never deformed during compression,

3. thus it is appropriate to place one of the coordinates of the
coordinate system into this breast axis, which will be used
for determining the positions of all objects.
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As a result, the whole mammograph system can be re-
garded as a system rotating equally around thel-axis under
given conditions. Thus, two projections will be adequate for
a 3D reconstruction of the positions of the entities displayed
in the photographs.

Fig. 2: Position determination in a real photo

The next step is to uniquely determine a given object in
both pictures (Iig. 2). When this has been done, the next steps
involve the application of analytical geometry:
l. place they-axis through the axis ofthe breast,

2. put the beginning ofthe coordinate system in the center
of the nipple projection (M'),

3. obtain the orientation of the x-axis and of the z-axis.

4. find the real point X projection (on picture X'),

5. determine the object coordinates in both scans (a*, b*).

In this way, the acquired data, together with the X-ray
tube focus position coordinates (as is well known from service
documentation) will be suffrcient to provide an analytical
representation by two straight lines that always pass through
the focus and through one oftwo projections ofthe object. In
the best case the straight lines will cross at a single point. In
practice, this is not what happens. We will therefore look for
the point coordinate that is placed at the point where these

straight lines come closest together. The smallest distance of
two skews can be determined by retrieving their axis. Jivo
planes can later define this axis. Now we will find the point of
intersection of these nvo planes with the first straight line to
obtain point I and with the second straight line to obtain
pointJ. Our searched point X is obtained simply as the center
of the abscissa given by points I andJ. The length of this ab-
scissa may be a measure of the reconstruction accuracy, be-

cause in the best case the two straight projection lines would
have to intersect and points X, I andJ would merge.

5 Decompression
Above, we determined the spatial location of the objects.

Howevet we have been defining the distribution of objects in
a breast compressed by compression plates. Now we have to
deal with "decompression" of the breast, in order to obtain
the real position of the points in the breast. There are approx-
imately 4 models of a situation in a breast after it has been

compressed. These are shown in Thble 2.

In the literature, models C and D receive most attention.
We make the following assumptions. The compressed fat
tissue will shift and the breast mass will redistribute. Any
compression or shape change has no influence on the analysis
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model fat tissue tissue of interest

compression shift compression shift

AA yes yes no no

B yes yes no yes

C yes yes yes no

D yes yes yes yes

Table 2: Models of compressed breast behavior

process, because the microcalcifications of interest (i.e., those
leading to malignant cases) are obviously not present in this
tissue type. A milky gland is compressed as a srrucrure in the
environment of a fat tissue. With respect to the character of
the structure, the shape changes can be considered as homo-
geneous body compressions. The specific "branches" may
also shrink under cornpression, but not significantly, and we
again assume that thene is only a homogeneous body com-
pression. As regards the structure, the error in the thickness of
the branches is inconsiderable thanks to the presupposition
of homogeneityr This means that rnodel D is correct, but it
has a small compression and will come up to model B. If this
presumption is valid, then the decompression is relatively
easy, but the parameters for a mathematical model of the
decompression will have to be obtained from practical experi-
ments. It is necessary to take into account the stmcture of
a breast, especially the gland-to-fat tissue ratio, which is very
variable, and depends on age. On the other hand, member-
ship of a given category can be estimated from the mam-
mogram. For the purposes of reconstruction, is possible to
continue with admission of these tole rances. F'urther research
will aim at making a more precise definition.

Experimental verification will rnake use of the similarity
between human female breast tissue structure and that of a

sow's breast. 'lhe following verification progress is sugge sted:

l. obtain a sow's breast,

2. insert contrastive non-metallic markings into the tissue
using a hollow needle in order to overlay the whole test
tissue. The motion of the marks in both tissue types will
be studied separately, to avoid the need to distribute them
equally,

3. veri$, the specific positions of these objects using com-
puter tomography, using a tool that has already been
f;abricated to replace compress plates,

4. perform several compression steps, and investigate the
position of the signs, using a tomograph,

5. perfiorm a classical mammographic investigation,

6. analyze this result and compare it with the results from
CT.

We will then be able to document the accuracy of the
reconstruction algorithm and obtain information about tissue
behavior during compression (point 4).
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