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Abstract. This work presents a new approach for a wide analysis of
the shape of breast tumors in ultrasound images. We have developed an
environment for the filtering of the images, the segmentation of the nod-
ules and the extraction of a series of measurements which describe the
shape of the nodules. This will help in the computer-aided evaluation
of the tumors and the distinction of benign and malignant nodules. The
results extracted for the different features are coherent with the assess-
ment of the specialists and represent a great help for the examination of
the images and the decision making process.

1 Introduction

Ultrasonography is widely used for the detection and evaluation of many diseases.
In the case of breast cancer, it is a very useful complementary imaging technique
to mammography. Not only does it provide a different assessment of the lesion,
but it also allows detecting very small lesions and analyzing dense breasts, which
is quite difficult using mammography. Furthermore, a series of features related
to the shape of the nodule, the regularity of the contour and the intensity and
contrast between different regions have been described to characterize the lesions
and help distinguish benign from malignant nodules [1]. In this work, we present
a common framework which, by means of several computer vision and image
processing techniques, allows extracting some measurements of the shape of a
nodule. These include the roundness of its shape, the size of ramifications, the
number of microlobulations and angular margins, the presence of spiculation or
a taller-than-wide shape.

In order to accelerate and simplify this task, a semi-automatic segmentation
of the lesion is performed, so that it is no necessary to delineate the lesion
manually. This is carried out by filtering the image using a speckle noise reducing
filter, obtaining a presegmentation using a region-growing algorithm, and refining
the presegmentation using active contours.

Due to the difficulties that speckle characteristic noise represents for the
automatic analysis of ultrasound images, little work has been done in this filed,
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and the results are usually moderate. Some previous works try to adjust the
parameters of the ultrasound systems to help in the decision making process [2],
segment the tissues [3], or deal with certain particular aspects of the nodules,
such as their texture [4]. Other works deal with the detection of the lesions
[5] or a general description of the nodules [6]. However, we intend to obtain a
more detailed description of the shape of the nodules, so that their benignity or
malignancy can be determined in a more accurate way.

2 Methods

In this section, we present the methods we have used for the segmentation of the
nodules and for the shape analysis, according to the diagnostic criteria described
by the specialists.

2.1 Filtering and segmentation

Before analyzing the shape of the tumor, it must be segmented from the sur-
rounding tissues. Due to the characteristic speckle noise of ultrasound images,
a noise reducing filter must first be applied. We use the truncated median fil-
ter, which, in a few iterations, progressively reduces the speckles and provides
quite satisfactory results [7]. From an inner point, which is the only interaction
asked to the physician, a region-growing algorithm is used to extract an ini-
tial presegmentation. This technique is very fast, but does not provide accurate
enough results. However, it can be used to obtain an initial contour for the ac-
tive contour technique [8][9], which generates very precise segmentations if it is
initialized with a close approximation. For the implementation we apply a level
set approach [10]. Once the segmentation is obtained, we proceed to analyze the
shape of the nodule.

2.2 Shape analysis

The main features which allow discriminating benign from malignant tumors,
thus avoiding performing the biopsy, are related to the shape of the nodules and
the regularity of their contours. When analyzing the general shape of the tumor,
an ellipsoid shape or the presence of a few gentle and well circumscribed lobula-
tions are considered as benignity findings. On the other hand, ramifications or
a taller-than-wide shape are considered as malignancy findings. Moreover, when
examining the smoothness of the contour, if it presents microlobulations, angular
margins or spiculation, they are interpreted as malignancy findings, as opposite
to a rounded and well defined contour. In this work, we analyze both, the global
and the local features of the contours, so that some robust, reproducible and
accurate measurements can be provided to the specialists in order to perform a
more reliable distinction between benign and malignant nodules.

The ideal benign nodule has a well defined ellipsoid shape. We not only intend
to binary decide whether a nodule is ellipsoidal or not, but we also try to measure
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how ellipsoidal it is. In order to automatically determine it, we extract the ellipse
which best fits the contour of the nodule. We apply a gradient descent technique
in which the five parameters of the ellipse (two coordinates for the center, two
dimensions for the axes and an angle for the orientation) are iteratively adjusted.
Since we need some initial values, we roughly estimate them from the position,
the dimensions and the orientation of the segmentation. The distance from the
contour to the final ellipse, with respect to the size of the nodule, measures how
ellipsoidal the lesion is. If it is not enough, we search for two or three gentle
lobulations by splitting the contour at the closest points to the center.

Once the minimum distance ellipse (or ellipses) has been found, the regions
where it clearly differs from the contour allow locating the eventual ramifications
of the nodule. Their relative size with respect to the total size indicates their
relevance. To decide whether a nodule is likely to invade different tissues, we
consider the ratio between its dimensions, since the different tissue layers are
supposed to be approximately horizontal.

The local variations of the contour require a detailed analysis of its regularity.
Angular margins are identified by searching for pseudo-corners on the contour of
the nodule. Microlobulations are extracted using a similar approach to that used
for ellipse extraction, but, in this case, we search for small arcs of ellipses which
fit certain parts of the contour. Spiculation is measured through the variance of
the orientation of the gradient along the contour, for which the structure tensor
is used.

3 Results

Figure 1 shows some examples of nodules which have been segmented on the
ultrasound images. As observed, the segmentations are quite satisfactory and
allow a precise analysis of the shape of the nodules.

Table 1 shows the values of the different measurements for the set of nod-
ules shown in figure 1. For every feature, we show the numerical measurement
provided by the system (sys), as well as the assessment performed by three spe-
cialists (phy). As observed, not only is it coherent with the appearance of the
nodule, but it also allows setting a threshold for each feature if the values are
compared with the binary assessment of the physicians. Only isolated cases differ
and, in most cases, they are due to a reduction of the specificity produced by
trying to adjust the parameters and thresholds to increase the sensitivity, since
it is better to perform a biopsy of a benign nodule than overlooking a malignant
one.

4 Discussion

In this paper we have presented a common framework for the assessment of a
set of parameters regarding the shape of a breast lesion in an ultrasound image.
These measurements allow analyzing the shape of the nodule in a robust and
accurate way and provide numerical values which describe the contour in terms
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Fig. 1. Examples of breast nodules in ultrasound images and their corresponding au-
tomatic segmentations

Table 1. Numerical measurements obtained by the system (sys) and assessment of the
specialist physicians (phy) for the nodules in fig. 1 regarding the features related to
the shape of the nodules: ellipsoid shape (ES), gentle lobulations (GL), ramifications
(RM), taller-than-wide shape (TW), angular margins (AM), microlobulations (ML)
and spiculation (SP). In the values of the specialists, 0 means that a malignant factor
has not been found or a benignant finding has been found, and 1 means the opposite

ES GL RM T™W AM ML SP
Nodule| sys phy| sys phy| sys phy| sys phy| sys phy| sys phy| sys phy
1 1.9 0 2.2 0 0.0 0]036 01]39 0|18 0|08 0
2 61 1|39 0|76 0]053 0|51 124 0|00 0
3 34 0| 52 1| 57 0047 0|52 1|18 0|17 0
4 7.3 1 3.2 0 9.4 0]050 0]33 006 0|09 0
5 107 1105 1 |134 1124 1|65 1|31 1|00 O
6 103 1 9.4 11125 1065 048 1|37 1|14 0
7 7.0 1 124 1 136 1| 045 0 | 43 1 3.1 1 1.2 0
8 106 1125 1|71 0]066 0|50 1]31 1|08 0
9 70 1|89 0| 47 0050 0|55 124 1|25 1
10 199 1 124 1 8.7 0078 0] 50 1 6.8 1 1.4 0
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of global and local regularity. Prior to the analysis of the shape, the segmenta-
tion, performed using a noise reduction filter, a region growing presegmentation
and active contours, provides quite satisfactory results, while it simplifies and
accelerates the process of delimiting the nodules.

The numerical techniques we have applied allow examining global features,
such as how ellipsoidal a nodule is, whether it has two or three gentle lobulations
and whether it has ramifications. On the other hand, the local variations in the
contour help determine whether it has angular margins, microlobulations or
spiculation.

The measurements are coherent with the assessment of the specialists and,
instead of providing a binary evaluation, they generate scalar values which per-
mit determining in what degree each factor is present and what the probability
is of being a benign or malignant tumor. Our results confirm the usefulness of
image processing techniques in the evaluation of ultrasound for a precise early
detection of breast cancer.
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