
Abstract
Mammography is the best available examination for the 
detection of early signs of Breast cancer such as masses, 
calcifications, bilateral asymmetry and architectural distortion. 
Because of the limitations of human observers, computers 
have major role in detecting early signs of cancer. Wide 
range of features that define abnormalities and the fact that 
they are often indistinguishable from the surrounding tissue 
makes the computer-aided detection and diagnosis of breast 
abnormalities a challenge. This paper discusses breast lesions 
and their features. The paper briefly presents some of the 
developed computer-aided detection and diagnosis methods 
for each lesion.
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I. Introduction
Mammography is used for the detection of early signs of breast 
cancer and it can reveal pronounced evidence of abnormality, 
such as masses and calcifications, as well as subtle signs 
such as bilateral asymmetry and architectural distortion [1]. 
Mammography is a special type of x-ray imaging used to create 
detailed images of the breast. Mammography uses low dose 
x-ray, high contrast, high-resolution film and an X-ray- System 
designed specifically for imaging the breasts [2 - 5]. 

Screening mammography is an effective method for detecting 
early breast Cancers in asymptomatic women, increases the 
likelihood for cure and long-term survival. A suspicious or 
indeterminate mammographic finding may lead the attending 
physician to perform a breast biopsy. The 75% of certain 
mammograms fall into indeterminate grades of radiological 
suspicion. One would like to avoid recommending unnecessary 
biopsy because of the costs and discomfort to the patient and 
because biopsy can confound later mammographic testing by 
producing radiographic abnormalities which can be mistaken 
for cancer. Using biopsies in excess for benign conditions also 
increases the costs of mammographic screening and represents 
a barrier to the effective utilization of this resource.

Digital mammography has the potential to offer several 
advantages over traditional film mammography, including: 
faster image acquisition, shorter exams, easier image storage, 
easy transmission of images to other physicians and computer 
processing of breast images for more accurate detection of 
breast cancer [2]. Terms have been developed to describe 
breast density, lesion features and lesion classification. 
Depending on the amount of fibro glandular tissue, breast 
tissue seen on mammogram can be divided into four categories 
shown in Fig. 1.
Fibroglandular tissue in breasts is a very common condition 
and is known as Fibrocystic Breast Disease. This disease is 
characterized by having fibroglandular tissue present in the 
breast. When this type of tissue is present in the breasts one 
or both of the breasts may be tender, and you may also feel 
lumps within the breast tissue.

Fig. 1 : Examples of mammograms, each of different Categories 
of breast tissue: (a) fat breast tissue, (b) scattered fibroglandular 
dense breast tissue, (c) heterogeneously dense breast tissue 
and (d) extremely dense breast tissue [8] 

It is common for women between the ages of 30 and 50 to 
have fibroglandular tissue present in the breast. The condition 
is most often benign and non-cancerous. Over half of women 
will develop this breast condition, but it is less common after 
menopause.

The breast is almost entirely fat when there is less than 25% 
fibroglandular tissue. Scattered fibroglandular dense breast 
tissue has between 25% and 50% fibroglandular tissue and 
heterogeneously dense breast tissue has between 51% and 
75% fibroglandular tissue. When the breast is consisting of 
more than 75% fibroglandular tissue the breast is extremely 
dense. In the latter case sensitivity of mammography exam 
is decreased and the diagnosis of malignant lesions is more 
difficult.

Breast cancer incidence rates increase with age. Breast cancer 
is uncommon for a woman less than age 40, though this group 
shows the fastest rate of increase of the disease. Positive 
diagnoses occur with greater frequency in post-menopausal 
women. An early menarche, with its associated early onset 
of regular menstrual cycles, is another accepted risk factor. 
A late child bearing age, that is giving birth after age 30 or 
never giving birth, raises the risk. Women with a first-degree 
relative who has had breast cancer double their chances of 
developing breast cancer.

Benign and malignant masses are differentiated through mass 
attributes of margin, density, location, and the presence of the 
halo sign. In oncology, a spiculated mass is a lump of tissue 
with spikes or points on the surface. It is suggestive but not 
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diagnostic of malignancy, i.e. cancer. Round, low-density 
masses with smooth, sharply defined margins are considered 
benign. High-density, stellate, spiculated or knobby masses with 
poorly defined margins are considered malignant. Frequently, 
though, masses are classified as indeterminate, not clearly 
benign or malignant. Improved mammography and increased 
screening of asymptomatic women have increased the number 
of cancerous masses detected not displaying the characteristic 
radiographic features of malignancy. Instead of spiculated 
masses, many masses display as nondescript lesions having 
poorly defined or irregular margins.

Many lesions (masses, calcifications, architectural distortion, 
Bilateral Asymmetry) are defined with wide range of features. 
The features determine lesions shape, size, distribution, 
margins etc. Some of the lesions can be easily overlooked 
because of the poor feature visibility.

II. Mammogram Database Selection
Mammography is an important tool in early detection of 
breast cancer. Indeterminate mammographic findings often 
challenge the physician to distinguish between a malignant or 
benign condition. Successful diagnosis depends on the ability 
of a physician to recognize and evaluate a mammographic 
abnormality, as well as integrate the information from multiple 
clinical aspects (e.g., risk factors, physical findings) to determine 
the likelihood of breast cancer.
A total of 174 mammograms containing 77 clusters of micro 
calcifications, proved by biopsy, were selected from the 
mammographic. All the images were digitized at a resolution 
of 2000×2500 pixels and 12 bits precision. The mammograms 
were classified by an experienced radiologist into fatty (57 
mammograms) and dense (117 mammograms), according to 
their breast tissue.

Digital images provide flexibility, particularly in enabling 
post-processing and enhancement. Digital acquisition of 
mammograms has been available for over 10 years and has 
been shown to be satisfactory for radiological interpretation.

III. Mass
A mass is defined as a space occupying lesion seen in at least 
two different projections [7]. If a potential mass is seen in only a 
single projection it should be called 'Asymmetry' or 'Asymmetric 
Density' until its three-dimensionality is confirmed.

Masses have different density (fat containing, low density, 
isodense, high density), different margins (circumscribed, 
microlobular, obscured, indistinct, spiculated) and different 
shape (round, oval, lobular, irregular). 

Fat-containing radiolucent and mixed-density circumscribed 
lesions are benign, whereas isodense to high-density masses 
may be of benign or malignant origin [9]. Benign lesions tend to 
be isodense or of low density, with very well defined margins and 
surrounded by a fatty halo, but this is certainly not diagnostic of 
benignancy. Isodense denotes a tissue having a similar to that 
of another or adjacent tissue. The halo sign is a fine radiolucent 
line that surrounds circumscribed masses and is highly 
predictive that the mass is benign. Circumscribed (well-defined 
or sharply-defined) margins are sharply demarcated with an 
abrupt transition between the lesion and the surrounding tissue 
[10]. Without additional modifiers there is nothing to suggest 
infiltration. A mass with circumscribed margin is shown in Fig. 

2(a). Lesions with microlobular margins have wavy contours.

Obscured (erased) margins of the mass are erased because 
of the superimposition with surrounding tissue. This term is 
used when the physician is convinced that the mass is sharply-
defined but has hidden margins. The poor definition of indistinct 
(ill defined) margins raises concern that there may be infiltration 
by the lesion and this is not likely due to superimposed 
normal breast tissue. The lesions with spiculated margins are 
characterized by lines radiating from the margins of a mass 
shown in Fig. 2(b). A lesion that is ill-defined or spiculated and in 
which there is no clear history of trauma to suggest hematoma 
or fat necrosis suggests a malignant process [9].

   
(a)                         

(b)
Fig. 2 : Examples of (a) circumscribed mass and (b) spiculated 
mass [11]

Fig. 3 : Morphologic Spectrum of masses [12] 

Shape of a mass can characterize it as benign or malignant. 
Masses with irregular shape usually indicate malignancy as it 
is depicted in Fig. 3. Regularly shaped masses such as round 
and oval very often indicate a benign change.

IV. Mass detection and diagnosis
A typical benign mass has a round, smooth and well-
circumscribed boundary. On the other hand, a malignant 
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tumor usually has a spiculated, rough and blurry boundary. 
However, there exist atypical cases of macrolobulated or 
spiculated benign masses, as well as microlobulated or well-
circumscribed malignant tumors [1]. The detection of masses 
requires the segmentation of all possible suspicious regions, 
which may then be subjected to a series of tests to eliminate 
false positives. 
Masses can have a range of sizes. Cancerous lesions are 
stochastic biologic phenomena that manifest in images as 
having various structures occurring at different sizes and over 
ranges of spatial scales [6]. The boundaries of masses require 
a localized approach, although the sharpness and hence the 
scales of interpretation of the lesion boundaries, can vary 
considerably. Moreover, the spiculations that are associated 
with many cancerous lesions occur with different widths, lengths 
and densities, which suggests that their characterization will 
require analysis over scales.

V. Architectural distortion
Although architectural distortions are less prevalent than 
masses or calcifications, they are the third most common 
mammographic sign of cancer and are strongly suggestive of 
malignancy [6]. A mammogram with architectural distortion 
is shown in Fig. 4.
Architectural distortion is defined as distortion of the normal 
architecture with no definite mass visible, including spiculations 
radiating from a point and focal retraction or distortion at 
the edge of the parenchyma [7]. Architectural distortion of 
breast tissue can indicate malignant changes especially when 
integrated with visible lesions such as mass, asymmetry or 
calcifications. Architectural distortion can be classified as 
benign when including scar and soft-tissue damage due to 
trauma.

Fig. 4 : Mammogram with architectural distortion (dashed 
circle) [1]

VI. Conclusion
In this paper we have described typical steps in computer-aided 
detection and diagnosis of breast abnormalities. The paper 
presents brief overview of breast lesions and their features. 
Most significant abnormalities that may indicate breast cancer 
described (mass, calcifications, architectural distortion and 
bilateral asymmetry). Wide range of features and their low 
visibility within the surrounding tissue makes the computer-

aided detection and diagnosis of breast abnormalities a 
challenge.  
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