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Abstract  
Accurate extraction of the breast boundary and reliable removal of the pectoral 
muscle are essential preprocessing steps for computer-aided diagnosis of breast 
cancer using mammographic images. In this work, a wavelet-domain framework is 
proposed to effectively segment the breast region and identify the pectoral muscle in 
mediolateral oblique (MLO) mammograms. The breast region is first delineated using 
multilevel wavelet decomposition, which enhances structural features while 
suppressing background noise and imaging artifacts. Subsequently, morphological 
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operations are employed to refine the segmented region and to detect and eliminate 
the pectoral muscle. The proposed method was evaluated using 322 digital 
mammograms from the MIAS database, demonstrating high accuracy and robust 
performance for breast region extraction and pectoral muscle removal. 

Keywords: Pectoral muscle, Mediolateral oblique, Cranial-Caudal, Computer-aided detection system 
 

Graphical Abstract: 

 
 
1: Introduction  
Breast cancer remains one of the leading causes of cancer-related mortality among women 
worldwide, with the number of fatalities continuing to rise due to late diagnosis and 

http://www.irjmss.com/


 

 

International Research Journal of Management and Social Sciences, Vol. VI, Issue 4, October – December 2025 
ISSN (ONLINE):2710-0308 www.irjmss.com ISSN (PRINT):2710-0316 

Efficient Breast Segmentation and Pectoral Muscle Removal Technique in Wavelet Domain for 
Computer-Aided Diagnosis 

 

[ 58 ] 

metastasis to distant organs [1]. Early detection plays a decisive role in reducing mortality 
and improving treatment outcomes. In this context, Computer-Aided Detection (CAD) 
systems have emerged as powerful tools for assisting radiologists in the early identification 
of suspicious lesions in mammographic images, thereby enhancing diagnostic accuracy and 
reducing human error [2]. A number of techniques have been proposed to improve the 
reliability of preprocessing steps in mammogram analysis, particularly for the removal of the 
pectoral muscle region. A novel method for pectoral muscle suppression was introduced in 
[3,4], while the use of cartoon–texture decomposition has been explored for accurate 
localization of the muscle boundary [5]. Breast boundary detection based on homogeneous 
region contours has also been investigated in [6,7]. Furthermore, the integration of 
morphological operators with polynomial modeling has been reported as an effective 
strategy for pectoral muscle detection [8]. Several additional approaches have been proposed 
in the literature for pectoral muscle removal and breast region segmentation [9,10]. For 
example, graph theory combined with active contour models has been employed to remove 
the pectoral muscle [11], and Bézier curve fitting has been utilized to smooth the muscle 
boundary by tracking edge points [12]. A normalized graph-cut framework was designed to 
isolate the pectoral muscle edge [13], while shortest-path based contour detection has also 
shown promising performance [14]. In addition, bit-depth reduction combined with wavelet 
transformation has been applied for pectoral muscle suppression in mammograms [15]. In 
mediolateral oblique (MLO) mammographic views, the pectoral muscle typically appears as 
a high-intensity triangular region occupying a significant portion of the image. Although it 
contains anatomical information, its presence adversely affects breast segmentation, feature 
extraction, and classification processes, often leading to an increased false-positive rate. 
Accurate removal of this region is therefore a crucial preprocessing step. However, the task 
remains challenging due to variations in muscle shape, size, intensity distribution, and its 
similarity to surrounding breast tissue. 
To address these challenges, this study proposes a robust framework for breast border 
extraction and pectoral muscle removal using mathematical morphology in the wavelet 
domain. The remainder of this paper is organized as follows: Section 2 presents the proposed 
methodology along with its graphical representation, Section 6 discusses the performance 
evaluation, and Section 7 concludes the study. 
 
2: Proposed Methodology  
Accurate identification and removal of the pectoral muscle remains a challenging task in 
mammographic image preprocessing. Many existing techniques still suffer from limited 
robustness and reduced accuracy, particularly in complex cases where the intensity of the 
pectoral muscle is similar to dense breast tissue. These limitations can significantly mislead 
downstream tasks such as tumor segmentation, feature extraction, and classification, 
ultimately reducing the reliability of computer-aided diagnosis systems. Consequently, there 
is a strong need to develop an improved and more reliable framework that enhances 
segmentation precision and minimizes false detections. To address these challenges, this 
study introduces a robust wavelet-domain based framework for breast border extraction and 
pectoral muscle removal. The proposed pipeline integrates multilevel wavelet 
decomposition, artifact suppression, and morphology-based refinement to achieve accurate 
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segmentation. The method is designed as a sequential and automated workflow, ensuring 
consistent performance across mammographic images with varying contrast, noise levels, 
and anatomical variations. The overall workflow of the proposed system is illustrated in 
Figure 1. 

 
Figure 1: Sequential workflow of the proposed wavelet-domain framework for breast border 
extraction and pectoral muscle removal in mammographic images. 
 
3: Removal of pectoral muscle  
Mammographic images typically consist of two main regions: the breast tissue region and the 
non-breast background region. The background often contains radiopaque artifacts such as 
labels, scanning markers, wedges, and acquisition annotations that do not contribute to 
diagnostic interpretation. These high-intensity objects can negatively influence segmentation 
accuracy if not removed during preprocessing. To address this issue, a seed-point based 
strategy is employed to identify and suppress high-intensity background artifacts while 
preserving the true breast tissue region. The effectiveness of this preprocessing step is 
illustrated in Figure 2, which presents mammograms before and after artifact removal. 
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Figure 2. (a) Mammograms before and (b) after.  
 
In addition to artifact suppression, mammographic images are commonly affected by 
quantum noise introduced during the image acquisition process. Many heuristic or 
conventional denoising filters tend to oversmooth the image and degrade important 
anatomical edges, which are critical for accurate boundary detection [16]. To preserve 
structural details while effectively reducing noise, a median filtering approach is adopted in 
this work. The median filter is widely recognized for its ability to remove impulsive and 
speckle noise without significantly blurring edges. The mathematical formulation of the 
median filtering operation used in this study is presented in Equation (1). 
𝜈 𝜄 . 𝜅  =  𝑎𝑟𝑔∑ ∑ .𝑍

𝛾 = 1‖𝜔𝑚  −  𝜔𝛾‖ 𝜌,  ……………………………..(1)  

Where υικ is the output value for location xικ, νικ=ν1 , ν2 , ν3 , ….νΖ, ι,κ are representing the 
position in a 2D image, m and γ are filtering window indices, where filtering window length 
is denoted by Z, and ρ denote the Lρ norm. Commonly, ρ=1 corresponds to standard median 
filtering. The main purpose of this preprocessing is to obtain significant mammograms that 
further help us to obtain accurate breast profile. We proposed a unique method to for removal 
of pectoral muscle in order to achieve accurate tumor region. 
 
4: Enhancement of salient feature of pectoral muscle  
A mammographic image generally consists of two primary regions: the breast tissue region 
and the surrounding background. The background often includes radiopaque artifacts such 
as labels, markers, wedges, and other acquisition-related annotations that are irrelevant for 
diagnosis and may interfere with accurate segmentation. To eliminate these unwanted 
elements, a seed-point based approach is employed to enhance and isolate high-intensity 
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background components, enabling their effective removal while preserving the breast tissue. 
The effectiveness of this preprocessing step is illustrated in Figure 2, which shows 
mammograms before and after artifact suppression. Mammographic images are also 
commonly affected by quantum noise introduced during the imaging process. Many heuristic 
denoising techniques tend to blur fine anatomical details and degrade important edge 
information [16]. To overcome this limitation, a median filtering technique is adopted due to 
its ability to suppress noise while preserving structural boundaries. The mathematical 
formulation of the median filter applied in this study is provided in Equation (1). 

 

𝑓 =  ∑ 𝛼𝑖𝜑𝑖 →     (2)
𝑖

 

𝜑𝑖 =  {

1        0 < 𝜏 <
1

2

1                   
1

2
≤ 𝜏 < 1

0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

}  …….(3) 

 
 
5: Extraction of breast border line  
To accurately refine the breast parenchyma and suppress outlier contours, a contour-based 
refinement strategy combined with morphological operations is applied to the 
approximation sub-band obtained from wavelet decomposition. The approximation 
component primarily contains the low-frequency structural information of the mammogram, 
making it suitable for extracting the overall breast boundary. In contrast, the high-frequency 
detail sub-bands mainly capture edges, noise, and fine structures. To effectively suppress 
noise while preserving diagnostically relevant edges, the Minimum Mean Squared Error 
(MMSE) estimator is applied to the detailed sub-bands [19]. After denoising and refinement 
of both approximation and detail components, inverse wavelet reconstruction is performed 
using all four sub-bands to obtain an enhanced mammographic image. In the reconstructed 
image, high-intensity regions are amplified to facilitate accurate segmentation. A seed-based 
region growing approach is then employed to segment the breast region. The seed point is 
positioned within the convex hull of the breast area and iteratively eroded until it reaches the 
true anatomical boundary. This procedure ensures that the final segmented region conforms 
closely to the natural geometry of the breast while preventing leakage into the background. 
The proposed framework employs a two-level wavelet decomposition, commonly referred to 
as a dyadic scale representation. This multiresolution analysis enables efficient separation of 
structural and textural information, thereby improving segmentation accuracy and 
computational efficiency [2,3]. In general, the wavelet analysis of a signal β produces a set of 
coefficients ρ(ω,υ), which represent the signal in terms of scale and spatial location, as 
expressed in the following equation. 

𝑃(𝜔, 𝛾) =  ∑ 𝛽𝜇𝜎 𝜔, 𝛾𝜇→        ……(4)
∈𝜕𝜇
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6: Experiments and Results 
Let a mammographic image be represented as a set of pixels ω={ω1,ω2,…,ωn}, where the 
total number of pixels ∣ω∣|\omega|∣ω∣ corresponds to the product of the number of rows and 
columns of the image matrix (row × col). This representation enables a pixel-wise analysis of 
the breast region and facilitates the implementation of segmentation and evaluation 
procedures within a discrete image domain. The performance of the proposed framework 
was evaluated using a total of 322 mammographic images (μ) obtained from the MIAS 
(Mammographic Image Analysis Society) database. This dataset contains mediolateral 
oblique (MLO) mammograms with varying tissue densities, contrast levels, and anatomical 
variations, making it suitable for validating the robustness and generalization capability of 
the proposed method. For performance assessment, a subjective evaluation strategy was 
adopted in addition to quantitative analysis. In the subjective assessment, the segmentation 
results were visually inspected and validated by an experienced radiologist to ensure clinical 
relevance and accuracy. The radiologist examined the correctness of the extracted breast 
boundary and the effectiveness of pectoral muscle removal. The summarized evaluation 
outcomes are presented in Table 1. 
Table 1. Evaluation of the proposed segmentation technique 

Category Evaluation Criteria No. of Images Percentage 

Accurate (α) 𝐼
𝑠𝑔 ≡  𝐼𝑔𝜏

𝑘
𝑣  250 77.63% 

Acceptable (ρ) 𝐼
𝑠𝑔 >  

1
2(

𝐼𝑔𝜏)
𝑘

𝑣  47 14.59% 

Unacceptable (γ) 𝐼
𝑠𝑔 ≤  

1
2(

𝐼𝑔𝜏)
𝑘

𝑣  25 7.76% 

Total images (μ) — 322 — 

Overall Accuracy (Aσ) 𝐴𝜔 =  
∑ (𝛼 +  𝜌)𝜇

𝑖=1

𝜇
 — 92.22% 

 
7: Conclusion  
In this study, a reliable and consistent approach for the segmentation of the pectoral muscle 
was developed and evaluated using the widely recognized MIAS mammographic image 
database. For accurate analysis and validation, the true pectoral muscle boundaries were 
manually delineated by an experienced radiologist. These expert-annotated contours were 
used as the ground truth reference for assessing the performance of the proposed automated 
framework. The comparison between the automatically detected boundaries and the 
manually annotated ground truth demonstrates that the proposed method achieves accurate 
and consistent pectoral muscle segmentation across mammograms with varying tissue 
densities and anatomical variations. The experimental findings indicate that the proposed 
approach provides promising and clinically relevant results, making it a valuable 
preprocessing step for computer-aided diagnosis systems. By improving the accuracy of 
breast region extraction and reducing false positives, the method shows strong potential for 
supporting early-stage breast cancer detection. 
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