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Abstract. Architectural distortion in mammography is the most missing finding 
for radiologists, despite high malignancy. Many research groups have 
developed methods for automated detection of architectural distortion. 
However, improvement of their detection performance is desired. In this study, 
we developed a novel method for automated detection of architectural distortion 
in mammograms. To detect the mammary gland structure, we used an adaptive 
Gabor filter, whichconsists of three Gabor filters created by changing the 
combination of parameters. The filter that is best matched to the mammary 
gland structure pixel by pixel in the mammogram is selected. After detecting 
the mammary gland, enhancement of the concentrated region and false positive 
reduction are performed. In the experiments, we verified the detection 
performance of our method using 50 mammograms. The true positive rate was 
found to be 82.45%, and the number of false positive per image was 1.06. 
These results are similar to or better than those of existing methods. Therefore, 
the proposed method may be useful for detecting architectural distortion in 
mammograms. 
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1 Introduction 

Mammography screening is carried out for detecting breast cancer early. The findings 
obtained from mammography are mass, micro-calcification, and architectural 
distortion. Among them, architectural distortion is the most elusive finding for 
doctors. Moreover, it is classified as having a high malignancy in breast cancer. 
Therefore, it is important to detect and treat architectural distortion at an early stage. 
Many research groups have developed automated detection methods for architectural 
distortion[1–3]subsequent to two other findings [4,5].However, conventional methods 
failed to produce acceptably low false positive and high true positive rates [1–3]. 
Therefore, further improvement of the detection rate is desired. In order to improve 
the detection performance, it is essential to analyze the mammary gland structure 
more accurately. In this study, we propose an improved detection method for 
architectural distortion using an adaptive Gabor filter, which uses three Gabor filters, 
and we evaluated its detection performance. 
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2 Methods 

The proposed method consists of 6 steps: pre-processing, detection of mammary 
gland structure, extraction of primary mammary glands, calculation of the degree of 
concentration, segmentation, and false positive reduction. 

2.1 Pre-processing 

Images of the breast area are extracted by automated thresholding and labeling. In 
order to emphasize the line patterns, trend removal using a top-hat filter and gamma 
correction is performed. 

2.2 Detection of Mammary Gland Structure 

In order to detect the mammary gland structure, a Gabor filter[6] is introduced. A 
Gabor filter [Fig. 1;Eqs.(1) and (2)] is a type of line detection filter. The maximum 
value of h(x,y) is obtained at an angle that line structures of mammary gland andfilter 
shape is matched. 

 

 

Fig. 1. Gabor filter function 

 
 , (1) 

 g x, y) = exp ２

２
cos 2 , (2) 

 x′= xcosθ + ysinθ,y′= −xsinθ+ ycosθ, (3) 
 

where λ is the wavelength of the filter function, γ is the aspect ratio, σ is the deviation 
of the Gaussian factor that determines the effective size of filtering, φ is the phase, 
and θ represents an direction of Gabor filter. 

In this study, mammary gland structure is extracted using the adaptive Gabor filter as 
shown in Fig.2 [7].  

 

),(),(),( yxgyxfyxh ⊗=



608 R. Yoshikawa et al. 

 

Fig. 2
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2. Schematic of the adaptive Gabor filter 
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g. 3. Schematic of concentration index 
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