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Segmenting mammographic microcalcifications using a semi-automatic
procedure based on Otsu’s method and morphological filters
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Abstract Introduction: Breast cancer has the second highest world's incidence rate, according to the Brazilian
National Cancer Institute (INCa). Clinical examination and mammography are the best methods for early
diagnosis. Computer-aided detection (CADe) and computer-aided diagnosis (CADx) systems are developed
to improve mammographic diagnosis. Basically, CADx systems have three components: (i) segmentation,
(ii) parameters extraction and selection, (iii) lesion classification. The first step for a CADx system is
segmentation. Methods: A microcalcification segmentation method is proposed, based on morphological
operators, Otsu'’s Method and radiologists’ knowledge. Pre-processing with top-hat operators improves
contrast and reduces background noise. The Otsu’s method automatically selects the best grey-level threshold
to segment microcalcifications, obtaining binary images. Following, inferior reconstruction and morphological
dilatation operators are applied to reconstruct lost structure details and fill small flaws in the segmented
microcalcifications. Finally, the Canny edge detection is applied to identify microcalcifications contour
candidates for each region-of-interest (ROI). Two experienced radiologists intervene in this semi-automatic
method, firstly, selecting the ROI and, then, analyzing the segmentation result. The method was assessed in
1000 ROIs from 158 digital images (300 dpi, 8 bits). Results: Considering the radiologists opinion, the rates
of ROIs adequately segmented to establish a diagnosis hypothesis were 97.8% for one radiologist and 97.3%
for the other. Using the Area Overlap Measure (AOM) and the 2136 microcalcifications delineated by an
experienced radiologist as gold standards, the method achieved an average AOM of 0.64+0.14, being 0.56+0.09
for small microcalcifications and 0.66+0.13 for the large ones. Moreover, AOM was 0.64+0.13 for the benign
and 0.64+0.14 for the malignant lesions with no statistical differences between them. Conclusion: Based on
these findings, the proposed method could be used to develop a CADx system that could help early breast
cancer detection.
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Introduction

According to the Brazilian National Cancer Institute
— INCa (Instituto..., 2012a), breast cancer has the
second highest incidence rate in the world, being
responsible for 22% of the new cases of cancer
per year. Its incidence is growing in developed and
developing countries and although most frequent in
women, in 2008, it caused 125 (1.05%) men deaths
in Brazil. Death rates related to breast cancer in
Brazil are higher, mainly due to late diagnosis, when
the disease is already in advanced stage (Instituto...,
2012a). Also according to INCa (Instituto..., 2012b),
early detection and tumour removing in an initial phase
are the more efficient strategies to reduce death rates.

Clinical and mammographic examinations have
been considered the best methods to find early signs
of breast cancer. The mammographic exam aims at
identifying non-palpable breast lesions (Instituto...,
2012b). Nevertheless, several factors, such as the
physicians’ knowledge and experience, the equipment
quality and the presence of adipose and glandular
tissues types, may interfere in the accuracy of
mammograms, making diagnosis difficult. Even if
mammography is carried out with adequate equipment
and by an experienced technician, the final exam
quality is highly dependent on the breast tissue itself,
as the more adipose it is, the easier to analyse and
diagnose (Azevedo, 1994). Barlow (2002) reported
a large number of errors and divergent results in
mammographic exams made in USA, mainly due to
the radiologists’ inexperience, besides the already
mentioned difficulties.

Microcalcifications have been considered a relevant
sign of malignancy since they are present in a great
number of malignant lesions. Based on histological
examination, 60% to 80% of the carcinomas reveal
the presence of microcalcifications although they
are detected in just 30% to 50% of mammograms
(Halkiots et al., 2007). The difficulty of detecting
microcalcifications in mammograms is due to their
variation in shape (from granular to rod shapes),
orientation, brightness, diameter size and also the
surrounding tissue (Wei et al., 2009). In an effort to
help in microcalcifications diagnosis, Computer-Aided
Detection (CADe) and Computer-Aided Diagnosis
(CADx) systems have been developed (Elter and
Horsch, 2009; Nishikawa, 2007). Such systems
are projected to help minimising the false-positive
and false-negative rates of breast cancer diagnosis,
and are usually based on parameters extracted
from microcalcifications (De Santo et al., 2003;
Veldkamp et al., 2000).
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CADe systems aim at automatic detecting lesions
(including microcalcifications), while CADx are used
to perform their classification. These latter systems
are generally used as a second opinion, aiming at
increasing the accuracy of radiologists’ final decision
(Calas et al., 2012; Chen and Lee, 1997; Cheng et al.,
2003; Elter and Horsch, 2009; Jalalian et al., 2013;
Nishikawa, 2007). CADx are basically composed
of three steps: (i) segmentation, (ii) parameters
extraction and selection, (iii) lesions classification.
Although the individual improvement of any of them
could enhance the whole system performance, the
segmentation is considered a very important step in
CADx systems, since it defines the microcalcifications
characteristics to be used in the next CADX steps
(Arikidis et al., 2010; Paquerault et al., 2004; Timp
and Karssemeijer, 2004).

Several techniques have been used to segment
microcalcifications, such as active contours
(Arikidis et al., 2008, 2010; Paquerault et al., 2004),
grey-level histogram features associated to fuzzy
rule-based classifiers (Gravielides et al., 2002),
methods based on image entropy (Mohanalin et al.,
2009), wavelet analysis (Chen and Lee, 1997) and
morphological filters (Halkiots et al., 2007; Stojic et al.,
2006). Despite the various methods presented in
literature, segmenting individual microcalcifications
is still an issue to be addressed (Arikidis et al., 2010).

This work presents a microcalcification
segmentation semi-automatic method, based on
morphological operators and Otsu’s Method (Otsu,
1979). The method is applied to 1000 Regions
of interest (ROIs) from images provided by the
Digital Database for Screening Mammography
(DDSM) — University of South Florida (University...,
2012). As a pre-processing procedure, top-hat
morphological operators are used to enhance the image
contrast between microcalcifications and background,
while Otsu’s Method automatically selects the best
grey-level threshold to segment microcalcifications. As
a post-processing stage, a set of morphological filters
is applied to fill up any small flaw in the segmented
microcalcifications. The proposed method incorporates
expert’s knowledge by considering the opinion of the
radiologist about the segmented images. The radiologist
evaluates if it is possible to formulate an adequate
diagnosis hypothesis with the segmented images. In
this work, for evaluating the method, the opinion of
two experienced radiologists was independent and
jointly considered. A quantitative evaluation approach,
based on Area Overlap Measure, was also carried out
to evaluate the results.
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Methods

In this section, we firstly describe the used
database, then the method developed to segment the
microcalcifications present in a ROI and finally, the
evaluation methodologies of the results.

The database

The database is composed of 158 mammograms
from 78 patients, extracted from three image sets
of the DDSM database: benign 1, benign 2 and
cancer_1. Similarly to other authors (De Santo et al.,
2003; Fu et al., 2005; Stojic et al., 2005), in order to
reduce the computational time, the number of bits
of these images (300 dpi), originally 12 or 16, were
reduced to 8 bits. Moreover, 1000 regions of interest
(ROIs) up to 41 x 41 pixels (Arikidis et al., 2008)
were selected by the double reading procedure. First,
a ROI was chosen by an experienced radiologist
and then independently confirmed by another. Five
hundred ROIs were selected from images of the benign
databases (793 microcalcifications) and another 500
from the cancer database (1343 microcalcifications).
All ROIs were from delimited regions, already
marked in the DDSM images (University..., 2012).
The microcalcifications were also classified by their
maximum diameters, following the criterion proposed
by Arikidis et al. (2010). Thus, the small lesions
(608 microcalcifications) were those with maximum
diameters smaller than 460 um, otherwise they were
classified as large lesions (1528 microcalcifications).
An example of a ROI extracted from a mammogram
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(Figure 1a) with malignant large microcalcifications
is depicted in Figure 1b.

Segmentation procedure

In order to improve the contrast and reduce the
background noise of the DDSM images, a
pre-processing procedure has been used. Firstly,
to enhance structures smaller than the structuring
element (SE), a top-hat by opening by reconstruction
was applied to the original ROI. Due to differences
in the sizes and shapes of microcalcifications, this
morphological operator was always applied to the
original ROI, using three different SEs, that is, a
cross-shaped SE of 3-pixel size, a disc-shaped SE of
5-pixel diameter, and a disc-shaped SE of 17-pixel
diameter, resulting in three different images, here
called “thor”. Then, to remove the structures that
present the highest grey-levels and also to enhance
the background noise, these resulting images were
filtered by a top-hat by closing by reconstruction with
a disc SE of 51-pixel diameter, resulting in images
here called “ther”. Finally, a point-wise subtraction
between the images “thor” and “thcr” was performed
and the “diff” images were obtained. In these images,
the possible microcalcifications are emphasised whilst
the background noise is almost totally removed. All
SEs used in this procedure have been heuristically
chosen.

The pre-processing technique is illustrated in
Figure 1. In this case, the original ROI (Figure 1b)
was extracted from a medium lateral oblique view of
a digital mammogram (Figure 1a). Firstly, the fop-hat

(® (&) @

Figure 1. (a) Medium lateral oblique view of a digital mammogram and a selected ROI (white square selected by a radiologist in the
mammogram). (b) Original ROI extracted from (a) (white square), augmented. (c) Image “thor” obtained from the top-hat by opening by
reconstruction application in (b). (d) Image “thcr” resulted from the top-hat by closing by reconstruction applied to (c). (e) “diff” image
obtained from the point-wise subtraction between “thor” and “ther”. (f) Binary image from “diff”, after applying Otsu’s Method. (g) Inferior
reconstruction applied in (f). (h) Morphological dilatation applied in (g). (i) Segmented image.
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by opening by reconstruction with a disc-shaped SE
of 17-pixel diameter was applied, resulting the image
depicted in Figure lc. This latter image was then
filtered by the top-hat by closing by reconstruction
(Figure 1d). After performing the point-wise subtraction
between “thor” and “thcr” images, the possible
microcalcifications (white structures) are emphasised
whilst the background noise is almost totally removed
(Figure le).

Following the pre-processing procedure, the Otsu’s
method was applied to the “diff” images. Hence, by
automatically determining the grey-level threshold,
binary images were obtained, as the one illustrated
by Figure 1f. It is worth emphasizing that the Otsu’s
method assumes that any image contains two classes of
pixels (e.g. foreground and background) and calculates
the optimum threshold separating those two classes
so that their combined spread (intra-class variance)
is minimal (Otsu, 1979).

As a post-processing procedure, an inferior
reconstruction operator was applied to the binary
images (disc SE with 3-pixel diameter) to reconstruct
possible lost structure details (illustrated in Figure 1g).
The binary images were used as mark, while the
“diff” images were set as the reference mask for the
reconstruction. Then, a morphological dilatation
(cross SE with 3-pixel size) was applied to fill any
small flaw in the segmented microcalcifications
(exemplified by Figure 1h). Finally, the canny edge
detection was applied to identify microcalcifications
contours candidates for each ROI (illustrated in
Figure 1i). Similarly to the pre-processing, here the
SEs were also heuristically determined.

The segmentation method was implemented in
MATLAB® (Mathworks Inc., Natick, MA) using the
SDC Morphology Toolbox V1.6 (SDC Information
Systems, Naperville, USA).

Evaluating the segmentation methodology

In a qualitative evaluation, two experienced radiologists
(more than 30 and 15 years of practice, respectively)
independently analyse the results. According to
Cheng et al. (2003), radiologists’ opinions are well
accepted for evaluating segmentations methods. This
evaluation procedure has been carried out nearly
two months after the ROIs double reading selection
procedure previously described. For each of the 1000
selected ROIs, it was created a figure depicting the
original ROI and their three correspondent segmented
images (one for each SE for the top-hat by opening
by reconstruction operator used in the pre-processing
procedure), containing the microcalcifications contours
candidates. These figures were then presented
independently and randomly to both radiologists.
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For each figure, the radiologist should choose, among
the three segmented images, the one considered as the
best for elaborating an adequate diagnosis hypothesis.
If he is not able to elaborate a diagnosis hypothesis
with any of them, none of the segmented images is
considered adequate.

A quantitative evaluation process was carried
out independently of the qualitative one. The
most experienced radiologist manually delineated
(that is, segmented) the 2136 microcalcifications of
the 1000 selected ROIs and these contours were taken
as gold standards for calculating the Area Overlap
Measure (AOM), expressed by (Arikidis et al., 2010):

_area(M NR)
" area (MUR)

AOM (1)
where M is the microcalcification manually delineated
by the radiologist and R represents the segmentation
obtained with the proposed method (that is, considered
by the radiologist as the best one for elaborating
an adequate diagnosis hypothesis). The symbol
N is the intersection, that is, the number of pixels
common to both segmentation procedures and the
symbol U represents the union of the M and R areas.
Hence, if there is no overlap between the delineated
microcalcification and the one from the proposed
method, AOM = 0. For a complete overlap, AOM = 1.

The Wilcoxon non-parametric statistical test
for paired data (Wilcoxon two-sided rank sum test,
p-values < 0.05) was performed to evaluate if there
were significant differences between the results of
AOMs from benign and malignant microcalcifications,
and from small and large ones.

Results

Figure 2 depicts three original ROIs and respective
segmented images obtained by using the different SEs
described in the pre-processing procedure (top-hat
by opening by reconstruction operator). For the sake
of comparison, the microcalcifications manually
delineated by the most experienced radiologist
for each original ROI are also shown. According
to both radiologists’ opinion, the most adequate
segmentation was achieved by applying a 3-pixel
diameter cross-shaped SE (Figure 2c¢) to the ROI
of Figure 2a. On the other hand, for a different ROI
(Figure 2f), they considered the image segmented with
the disc-shaped SE with 5-pixel diameter (Figure 2i)
as the most adequate one. Furthermore, for the ROI
depicted in Figure 2k, the most adequate segmentation
(Figure 20) was achieved by applying the disc-shaped
SE with 17-pixel diameter.
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For the 1000 selected ROIs, one of the radiologists
indicated at least one adequate segmented image,
among the three presented, in 97.8% of them,
independently of being extracted from the benign
or malignant image databases (Table 1). For the other
radiologist, this value was 97.3%. Taking into account
only the 500 ROIs extracted from the benign databases,
the rates were 98.0% for one of the radiologists and
97.8% for the other. For 500 ROIs selected from the
cancer database, these rates were 97.6% and 96.8%,
respectively.

Taking the radiologists’ opinion separately
(Table 2), the 17-pixel diameter disc-shaped SE resulted
in adequate microcalcifications segmentation for at least
74.3% of the ROIs. The resulting segmentation with
the 5-pixel diameter disc-shaped SE was considered

(k)
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adequate for at least 20.2% of the ROIs, while for
the 3-pixel size cross-shaped SE this figure was at
least 0.3%. In the worst case, the second radiologist
has considered that microcalcifications presented
in 2.7% of the ROIs were inadequately segmented,
independent of the SE used.

Considering the joint radiologists’ opinion
(Table 3), there is an agreement between them that
the microcalcification segmentation method proposed
here was adequate for 966 ROIs (96.6%), that is, both
radiologists considered themselves able to formulate
a diagnosis hypothesis with at least one of the three
resulting segmented images. Also for ROIs with bright
(Figure 3a) and dark (Figure 3b) backgrounds and close
to artifacts (Figure 3c), according to the radiologists’
opinion, the method was capable to adequately

Figure 2. (a), (f) and (k) Original ROIs. (b), (g) and (1) their respective microcalcifications manually delineated by the most experienced
radiologist. Respective segmentation results obtained by using the cross-shaped SE with a 3-pixel size (c), (h) and (m); disc-shaped SE with
a 5-pixel diameter (d), (i) and (n) and disc-shaped SE with a 17-pixel diameter (e), (j) and (o). For ROI (a), both radiologists indicated (c)
as the most adequate to formulate a diagnosis hypothesis. They also indicated (i) and (0) as the most adequate for (f) and (k), respectively.

Table 1. Rates of adequate (AD) and inadequate (INAD) microcalcifications segmentation images, according to radiologists’ opinion, in

ROIs extracted from images of the benign and malignant databases.

AD INAD AD INAD AD INAD Toal
(benign) (benign) (malignant) (malignant) (total) (total) ota
490 10 488 12 978 2
st N 3
I radiologist ¢ 0, (2.0%) (97.6%) (2.4%) (97.8%) (2.2%) 1000
489 11 484 16 973 27
nd 3 3
2radiologist o, 0o (2.2%) (96.8%) (3.2%) (97.3%) (2.7%) 1000
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Table 2. Results of radiologists’ opinion separated by SE used to achieve an adequate segmentation for a diagnosis hypothesis.

3-pixel 5-pixel 17-pixel

cross-shaped disc-shaped disc-shaped Not Adequate Total

1 3 202 773 22 1000
radiologist (0.3%) (20.2%) (77.3%) (2.2%)

2nd 9 221 743 27 1000
radiologist (0.9%) (22.1%) (74.3%) (2.7%)

® (L)) @)

Figure 3. Examples of original ROIs presenting microcalcifications over (a) bright and (b) dark backgrounds, and (c) nearby an artifact.
(d), (e) and (f): respective microcalcifications manually delineated by the most experienced radiologist. Segmented images considered
adequate by both radiologists: (g) with the 5-pixel diameter disc-shaped SE, (h) and (i), both with the 17-pixel diameter disc-shaped SE.

segment the microcalcifications (Figures 3g, 3h and
31, respectively), although with different SE. On the
other hand, for fifteen ROIs (1.5%), both radiologists
considered the resulting segmentations, independent
of the SE used, as inadequate (e.g. Figures 4a and 4f).
For another nineteen ROIs (1.9%), the radiologists
disagreed in indicating the same segmented image
(e.g. Figures 5a and 5f).

Based on the 2136 microcalcifications (from the
1000 selected ROIs) manually delineated by the most

experienced radiologist, the average Area Overlap
Measure (AOM) was estimated as 0.64 + 0.14. For the
793 benign lesions, AOM = 0.64 + 0.13 while for the
1343 malignant ones, AOM = 0.64 £ 0.14. Furthermore,
there is no significant difference between the AOM of
malignant and benign microcalcifications (p = 0.81,
Wilcoxon non-parametric statistical test for paired
data). On the other hand, there is statistical significant
difference between small (AOM = 0.56 = 0.09 for
608 lesions with maximum diameters smaller than
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460 um) and large (AOM = 0.66 + 0.13 for 1528
lesions) microcalcifications (p < 0.0001).

The cumulative distribution curves of the AOM
for each case can be observed in Figures 6 and 7. In

Segmenting microcalcifications of mammographic images

Figure 6 one can see that for all microcalcifications
(full line), more than 50% have AOM higher than
0.7, while at least 80% have AOM higher than 0.6.
In this same figure, it can be seen that the curves for

Table 3. Rates of agreement between both radiologists, regarding segmentation adequacy for a possible diagnosis hypothesis.

Adequate Not Adequate
Results (1% radiologist) (1% radiologist) Total
(an;’:(;li‘;i:;s 0 966 (96.6%) 7(0.7%) 973 (97.3%)
Not Adequate o 0 o,
(2 radiologist) 12 (1.2%) 15 (1.5%) 27 (2.7%)
Total 978 (97.8%) 22 (2.2%) 1000 (100%)

®

Figure 4. Examples of original ROIs (a) and (f) for which both radiologists considered segmentation to be inadequate. (b) and (g) respective
microcalcifications manually delineated by the most experienced radiologist; (c) and (h) respective segmented images using the cross-shaped
SE with a 3-pixel size; (d) and (i) disc-shaped SE with a 5-pixel diameter; and (e) and (j) disc-shaped SE with a 17-pixel diameter.

®
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Figure 5. Examples of ROIs (a) and (f) for which the radiologists disagreed about the adequacy of the segmented images using: (c) and (h)
the cross-shaped SE with a 3-pixel size, (d) and (i) disc-shaped SE with a 5-pixel diameter and (e) and (j) disc-shaped SE with a 17-pixel
diameter. Images (b) and (g) are the microcalcifications manually delineated by the most experienced radiologist. For (a), this radiologist
chose (d) as adequate while the other chose none of them. For (b), no segmentation was chosen by this radiologist, while the other pointed

out (i) as adequate for a diagnosis hypothesis.
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Figure 6. Cumulative distribution curves of the Area Overlap Measures for the MM method, considering (full line) all microcalcifications;
(dashed) malignant microcalcifications; (dotted) benign microcalcifications.
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Figure 7. Cumulative distribution curves of the Area Overlap Measures for the MM method, considering (full line) all microcalcifications;

(dashed) large microcalcifications; (dotted) small microcalcifications.

malignant and benign microcalcifications are similar.
In Figure 7, note that cumulative distribution curve of
AOM is higher for large microcalcifications.

Discussion

This work was focused on the first stage of a CADx
system, which is segmenting microcalcifications
independently of their sizes and shapes. With this
aim, the proposed method, based on Otsu’s Method

and morphological operators filtering, always uses
three different SEs for the top-hat by opening by
reconstruction operator applied to the ROIs in the
beginning of the pre-processing procedure. For each
ROI, three segmented images (one for each used SE
size and shape) are presented to the radiologist who
chooses the image segmentation that allows elaborating
the diagnosis hypothesis.

According to the radiologists’ opinion (Table 2),
77.3% (radiologist #1) and 74.3% (#2) of the ROIs
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had microcalcifications adequately segmented by
using the 17-pixel disc-shaped SE. On the other hand,
the adequacy rates were 20.2% (#1) and 22.1 (#2) by
employing the 5-pixel diameter disc-shaped SE and
0.3% (#1) and 0.9% (#2) for the 3-pixel cross-shaped
SE. These results indicate the importance of using
SE of different sizes and shapes to segment different
microcalcifications. Moreover, the importance of
making the right choice of the SE can also be observed
qualitatively in Figure 3, where microcalcifications of
different sizes and also a ROI containing an artifact
(Figure 3c) are properly segmented (Figure 3i).

Herein, the proposed segmentation procedure
could not, in some cases, segment all individual
microcalcifications in a ROL Nevertheless, considering
the radiologists’ knowledge, those cases were still
considered adequate since radiologists agreed about
their diagnosis based on the segmented images. Taking
into account the radiologists’ opinion independently,
the resulting segmentations were considered inadequate
to perform a diagnosis for no more than 2.2% of the
benign lesions and 3.2% for the malignant ones. This
rate was 2.7%, considering all microcalcifications
(Table 1). Moreover, considering the joint radiologists’
opinion about the adequacy (Table 3), they felt
comfortable to indicate at least one segmented result
as adequate to formulate a diagnosis hypothesis for
96.6% of the ROIs. They pointed out just fifteen
ROIs (1.5%) as not adequately segmented for this
purpose (e.g. Figure 4). For nineteen ROIs (1.9%),
the radiologists disagreed in indicating the same
segmented image (e.g. Figure 5). In all these 34
ROlIs, it was noticeable significant background noise
(e.g. Figures 4a, 4f, 5a and 5f), and very small
microcalcifications (e.g. Figures 4a and 5f1).

Duarte ef al. (2010a, 2010b) used a different
semi-automatic procedure to perform the segmentation
of microcalcifications and their clusters present in
ROIs from images of a different database (13 digital
mammograms from eight INCa patients and
41 digitalized ones from 12 patients of the Gaffrée
& Guinle University Hospital). In these works,
images were segmented according to the grey-levels
thresholds extracted from their morphological filtered
grey-levels histogram (the thresholds were taken as
the peaks of the filtered histogram). A set containing
several segmented images, one for each threshold,
was presented to the radiologists and, in some cases,
they had to examine more than 10 segmented ROIs
candidates to choose just one as the best result,
spending a long time to complete the entire task.
In the present work, the segmentation method was
improved by using the Otsu’s Method to automatically
determine the grey-level threshold for the three images
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generated by the application of the three SEs in the
top-hat by opening by reconstruction operator, in the
pre-processing procedure. Hence, the radiologists can
simply decide whether the segmentation is adequate
or not for diagnosis purposes, just observing three
different segmented images, demonstrating a clear
evolution of the method.

Moreover, the rates of ROIs with microcalcifications
considered as adequately segmented to establish a
diagnosis hypothesis, according to two experienced
radiologists, were 97.8% for one radiologist and 97.3%
for the other (Table 1). These rates were higher than
those (91.9% and 88.6% to each radiologist) achieved
by Duarte et al. (2011), in which the same method
proposed here was assessed with a different database
(54 mammograms from INCa and Gaffrée & Guinle
University Hospital patients). In this case, 236 ROIs
were processed (also 300 dpi, 8 bits), containing
malignant (104 ROIs) and benign (132 ROIs)
microcalcifications.

Paquerault er al. (2004) also compared,
qualitatively, the results obtained in the application of
two microcalcifications segmentation methods: a Radial
Active Contours method (RAC), based on gradients,
and a Region-Growing method (RG). The authors
used a database with mammograms of 76 patients,
selected from the archives of the Department of
Radiology at the University of Chicago - US, containing
144 microcalcifications clusters. The evaluation was
performed by two observers (O1 and O2) who were
instructed to rate the accuracy of the segmentation
based on how well the segmented contour agreed with
their mentally visualized contours. The accuracy rates
were 67.9 £22.9 (O1) and 31.4 = 24.5 (O2) for the
RG method, and 91.7+3.2 (O1) and 83.2 + 12.4 (02),
for the RAC. Hence, we have chosen the minimum
rate for the RAC method by Paquerault ez al. (2004)
(83.2 — 12.4 = 70.8) to classify a segmented image
as adequate, which results in considering 97.3%
of the ROIs as adequately segmented. This finding
suggests an efficacy at least similar to the RAC method
proposed by Paquerault ef al. (2004). The authors also
implemented a third technique, based on the Watershed
transform, but have not compared the accuracy rates
obtained with this technique. It is important to quote
that in these authors’ work, all segmentation methods
begin with manually identified seed points, which
were carefully selected to represent the centers of
the individual microcalcifications. In the method here
proposed, the seed point is never required.

Using only cranial-caudal images from the
DDSM database, Moradmand ef al. (2011) applied
morphological operators and wavelet transformation
to enhance the mammography images contrast,
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before investigating two semi-automatic methods of
microcalcifications segmentation: Adaptive Threshold
and Watershed Segmentation. The authors conclude,
based on a qualitative radiologists’ evaluation, that
Watershed segmentation method is more accurate
than the Adaptive Threshold one, although being
more time consuming.

By observing the cumulative distribution curves of
the Area Overlap Measures in Figure 6, it can be seen
that more than 50% of the 2136 microcalcifications
(actually, 52.3% = 1117 microcalcifications) have
AOM higher or equal than 0.7 and at least 80%
(1719 microcalcifications = 80.5%) have AOM
higher or equal than 0.6 (full line curve). A similar
behavior can be seen for the benign (dotted) and
malignant (dashed) microcalcifications. Figure 7
shows that approximately 11% of the small (dotted)
microcalcifications (11.5% = 70 microcalcifications)
have AOM higher or equal than 0.7 and at least 55%
(377 microcalcifications = 55.4%) have AOM higher
or equal than 0.6. For the large microcalcifications
(dashed), AOM was higher or equal than 0.7,
approximately, for 60% of them (60.8% = 929
microcalcifications) and it was higher or equal than
0.6 for at least 85% (1311 microcalcifications = 85.8%).

Considering these results, we observed that the
proposed method performed equally, independent
of the kind of lesion (benign or malignant).
Additionally, considering that microcalcifications
shapes use to be determinant for the classification of
lesion types (Jalalian et al., 2013; Paquerault et al.,
2004; Veldkamp et al., 2000), these results
suggest that microcalcifications shapes were not
impediments for this method to segment any kind of
microcalcification. However, the method is sensible
to the microcalcifications sizes.

Using the same database, but not exactly the same
images, Arikidis et al. (2010) presented a method based
on Active Contours to segment microcalcifications,
which also employs radiologists’ intervention. In that
work, the seed to initialise the Active Contours should
be manually defined by a radiologist, and a ROI is
defined as a square of 81 x 81 pixels, centered at the
seed point. Hence, based on this scheme, their method
will segment only the microcalcifications individually
marked by the radiologist, which tends to be time
consuming. The authors reported that the computational
time for segmenting each microcalcification was
0.42 s. Arikidis et al. (2010) assessed the results by
comparing the obtained segmentation areas with the
ones manually defined by a radiologist, and pointed
out an AOM mean value of 0.61 + 0.16 for large
microcalcifications and 0.61 = 0.14 for the small ones.
In our proposed method, this result was a slightly
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higher for the large microcalcifications (0.66 £ 0.13),
but a little smaller (0.56 + 0.09) for the small lesions.
Arikidis et al. (2010) did not present results based on
the microcalcifications types.

In the proposed method, the computation time
was 0.23 s to segment each ROI, independent of the
number of microcalcifications, which could be up to
13. For this extreme case, the method described by
Arikidis et al. (2010) would take 5.46 s to process all
the 13 microcalcifications and hence some 23 times
the computation time of the method here proposed.

Different from Paquerault et al. (2004) and
Arikidis et al. (2010) methods, where the radiologists’
intervention is required in an intermediate stage of the
segmentation procedure (e.g., introducing a seed point
to represent the microcalcification center), the proposed
method integrates the radiologists’ knowledge in a key
step of the process, choosing the image segmentation
that allows elaborating the diagnosis hypothesis. As
a result of this synergy, the procedure applied to the
studied ROIs was able to adequately segment more
than 97 % of the microcalcifications.

Overall, this paper presents a semi-automatic
method to segment microcalcifications from
mammographic images, which incorporates the
radiologists’ opinion in the final stage of the
segmentation method. In the tested database, according
to two experienced radiologists, the rates of ROIs
with microcalcifications considered as adequately
segmented were 97.8% for one radiologist and 97.3%
for the other. In a quantitative evaluation, the average
Area Overlap Measure was 0.64 + 0.14, considering
all 2136 microcalcifications delineated. There were no
statistical differences between the AOMs calculated
for the benign and the malignant lesions. These
results encourage us to use the proposed segmentation
method in extracting parameters from the segmented
microcalcifications and clusters, intending to develop
a classifier algorithm to discriminate malignant and
benign ones, which could integrate a CADx system.
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