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Abstract: The main objective of this study is to explain the well established theory of mammography in a very 

crisp manner. Mammography is a method for capturing images of the breast using characteristic x-rays. Compared 

to conventional radiography, here the prerequisites are somewhat unique and distinct. The breast 

imaging technology was further improved with a focus on minimizing radiation exposure while maintaining the 

highest level of diagnostic image quality. In this study, x-ray tube, target materials, image receptors, compression 

device, scattered radiation and filtration are discussed in the simplest possible manner in relation to the imaging 
requirements for mammography. Regarding the use of ionizing radiation for breast imaging, there are two schools 

of thought. Mammography was seen as both a benefit in case of early detection of cancer and a risk as it went 

through its early stages of development. In order to understand its advantages and disadvantages and to establish 

its ideal function, numerous studies were conducted. According to various reports, breast imaging raises the risk 

of breast cancer in asymptomatic women under the age of fifty. Another group of researchers contends that 

mammography has significant advantages and thus contributes to the welfare of the patients. This review study 

tries to illuminate the benefits of mammography in the detection of carcinoma, pre-carcinoma conditions like 

masses, clusters of micro-calcifications, distortion of structure in breast tissue. Mammography contributes in a 

significant way in the treatment of breast cancer using ionizing radiation. The abstract should appear like this. The 

abstract should appear like this. The abstract should appear like this. The abstract should appear like this. The 

abstract should appear like this. 
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1. Introduction:  

 

The incidence of breast cancer is increasing day by day and the disease grows without pain or any visual 

symptoms. It gets detected at advanced stages and nullifies the role of cure or radical treatment. The patient 

remains on palliation, control and care. The most obvious advantages of mammography are early detection of 

the disease which prompts curative treatment at an early stage and reduces the chance of mortality. Otherwise 
it is quite difficult to diagnose, since in its formative stage the cancer is asymptotic and often painless. Currently, 

mammography screening is the only method considered appropriate for mass screening of asymptomatic 

women [1]. Whenever the term Radiation pops up it brings fear too. There exists a dissent in the community 

on whether mammography should be made compulsory for every woman entering the age group of forty years. 

However in order to take such steps the awareness and scientific education demands the highest priority. The 

first judicious step of avoiding breast cancer is by eradicating or dispelling the myth that mammography triggers 

the disease itself. For broad usage, careful assessment of potential harmful consequences is required [1]. 

Screening mammography and adjuvant treatment have improved mortality reduction in breast cancer cases [2, 

3]. Several surveys and studies conducted over the last three decades have demonstrated the usefulness of 

mammography screening for early breast cancer identification [4]. The best method in the struggle against 

cancer is early detection, which has been universally recognized [4, 5]. Many works have been published in 
recent years, focusing on technological evolution and changes suitable for physicists with no mammography 

experience [6], advances in digital detector technology [7,8], contrast enhanced imaging used to enhance the 

clarity of images [9], prediction of breast cancer risk by advanced deep learning algorithms [10], employing 

carbon-based composites for in-vivo radiation dosimetry during standard mammography screening [5], 

objective assessment of clinical mammography using new breast phantom [11], the process of breast 
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compression [12], to mention a few. However, none of these recent researches focuses on the unique procedure 
of mammography for general public. Inhibition in the mind of the people due to the unique or uncommon 

procedure of mammography can be minimized by educating them on how the machine works using a non-

technical or using a generalized language. In this study, attempts have been undertaken to add a new perspective 

to mammography screening and awareness.  

2. Breast Anatomy: 

  

The female breast is a glandular organ located on the anterior chest wall, extending from the second to the sixth 

rib and from the sternum to the midaxillary line [13]. However, the female breast undergoes more development 

and growth due to hormonal changes during puberty, pregnancy, and lactation [13]. The breast is composed of 

different types of tissue as shown in Figure 1 below, including (i) Mammary gland: - the functional part of the 

breast producing milk. It is composed of lobes that contain small sacs called alveoli, where milk is synthesized 
[13]. (ii) Nipple:-the small projection located at the center of the breast. It contains small openings through which 

milk is released during breastfeeding. (iii) Ducts: - channels that carry milk from the alveoli to the nipple. Several 

ducts converge at the nipple. (iv) Fat and Connective tissue: - The breast contains an adequate amount of adipose 

tissue and connective tissue, which provides the breast with its structural support and shape [13]. The breast is 

also surrounded by a layer of tissue called the areola, which is darker in color and contains small bumps called 

Montgomery glands that secrete oil to lubricate the nipple during breastfeeding [13]. From infancy until 

adulthood, the human breast grows at distinct stages. Therefore, any abnormality may occur at various phases. 

According to studies, women over 40 have a high probability of developing this breast deformity [14]. What could 

indicate a problem: A lump or thickening inside the breast and underarm region, swelling, breast redness, a change 

in the size or shape of the breast, an itchy or rashy nipple, nipple discharge, a new discomfort in one location that 

does not go away, etc., may be signs of breast cancer [15, 16]. Mammography must be able to detect not only 

minute variations in the density and make-up of breast parenchymal tissue, but also the presence of minute 
calcifications, or specks of calcium hydroxyapatite, Ca5(PO4)3OH, whether performed for mass screening or on 

a woman exhibiting symptoms of breast cancer [17]. Most of the aforementioned cancer's early warning signals 

are painless. These symptoms were often ignored. Therefore, routine breast screening is the greatest method for 

identifying breast cancer's early warning symptoms. 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

           

                                               Figure 1: Anatomy of Breast sketched by Mr. Mrigen Rabha  

 

3. Physics of Mammography: 

 
Mammography can also be referred to as soft tissue imaging or soft tissue radiography that differs from 

conventional imaging in its imaging requirements [18]. The physical density difference between normal tissue 

and affected tissue is marginal, but the Z values are significant [17, 18]. Radiological differentiation of normal 

tissue and affected tissue is based on their photoelectric attenuation properties [17, 18]. Mammography was seen 

as both an advantage and a risk, leading to further development to minimize radiation exposure while maintaining 

high image quality [18]. Mammography requires a mono energetic beam of 15-25 KeV to reduce patient dose and 

improve image contrast [17-19]. Molybdenum, Ruthenium, Rhodium, Palladium, Silver and Cadmium provide x-

rays suitable for mammography [19]. In 1969, x-ray tubes with 42Mo96 targets were introduced for 

mammography, replacing conventional tungsten (74W184) targets [18].  Because it produces more low energy 

photons, achieves good radiographic contrast in the image, and produces the exact energies needed for breast 
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imaging [19, 20, 21]. Low atomic number anodes and low tube voltage reduces bremsstrahlung production, 
leading to greater importance of characteristic radiation in breast radiography [21]. Characteristic x-rays are 

produced when high speed incident electrons coming from the filament ionizes a Mo target atom by dislodging 

one of its bound electrons [17, 19, 20, 21]. Immediately after ionization, electron transition from one of the outer 

orbits of the atom will take place to fill in the vacancy created by the dislodged bound electron [17, 19, 20, 21]. 

This electron transition is accompanied by release of energy in the form of characteristic x-rays [17, 19, 20, 21]. 

The energy of the released radiation will be equal to the difference in the energy levels of the orbits between which 

the electron transition takes place [17, 19, 20, 21].  The electrons emiting from the filament by the process of 

thermionic emission is explained by an analogous situation of boiling water as shown in the Figure 2 below.  

 

 

 
 

 

 

 

 

Figure 2: The conceptual diagram of boiling water producing water vapour is analogous to the emission of 

electrons from the Tungsten filament on heating. Sketched by Miss Nandini Kashyap. 

 

The production of characteristic x-ray can be explained by using a simple example as shown in Figure 3 below.  

 

 

 

 

 

 

 

 
Figure 3: The conceptual diagram demonstrates the production of characteristic x-rays. When a child shakes the 

toy it produces visible light analogous to the production of characteristic x-rays, where electrons from filament 

disturb the orbital electrons. Sketched by Miss Nandini Kashyap. 

 

Figure 4: The conceptual diagram of filtering tea leaf from tea can be considered analogous to the Mo filtration 

of bremsstrahlung x-rays and passing of characteristic x-rays. Sketched by Miss Nandini Kashyap. 
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The optimal energy for mammography is achieved by the use of specific x-ray target and beam shaping filters 
[19]. Molybdenum filtration is preferable to aluminum due to its transparency to its own characteristic x-rays, and 

removes much of the bremsstrahlung radiation above 20 KeV Mo K-absorption edge, which is less effective in 

imaging [17]. The process of filtration is explained in a very simple manner in the Figure 4.  

          Mammography tube is oriented with cathode at chest side and anode at nipple side to take the advantage of 

heel effect to reduce attenuation un-sharpness by making the transmission through thicker and thinner part of the 

breast uniform [19]. Equipment bulk near the patient’s head is also reduced [19]. This facilitates easier patient 

positioning as shown in the Figure 5 below. Mammography equipment shifts the central beam to the cathode side, 

allowing the vertical central ray to be directly over the chest wall [19]. This arrangement ensures that the breast 

is fully covered in the x-ray beam and also avoids the cathode side of the x-ray beam so that effective focal spot 

size and resolution remains almost uniform [19]. Double focused tubes are used in mammography to yield smaller 

effective focal spots [19]. Focal spot sizes range from 0.6/0.3, 0.5/0.2 to 0.4/0.1 mm. 

Figure 5: The schematic demonstrates the patient positioning in mammography machine with its important 

parts. Sketched by Mr. Mrigen Rabha. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: The conceptual diagram demonstrates the usefulness of breast compression. Here the image A & B are 

breasts without compression and it is clear that the calcifications are lying under one another and will be missed 

out in imaging. Image C & D are with compression thus proper visualization of tissue structures by spreading 

out and less superimposition of overlying structures. Sketched by Mr. Mrigen Rabha. 

 

          Mammography tubes use special anode positioning that helps to bombard the edge of the anode with 

electrons to create a small focal spot [19]. Mammography machines use a compression device to reduce geometric 

un-sharpness, tissue thickness, scatter radiation; increases contrast and facilitate lesser KVp. Reduces radiation 
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exposure, lesser exposure time for thin body part and lesser entrance skin dose. Reduces motion unsharpness, 
improves visualization by spreading out of tissue structures and less superimposition of overlying structures [18, 

19] as shown in Figure 6.  

          Magnification of the breast reduces resolution, but improves image contrast by reducing quantum mottle 

and scatter due to air gap [17, 18, 19]. Small 0.10 mm focal spot is used to restore resolution in mammography. 

Magnifications of the order of 1.5x, 1.8x and as high as 2.0x are employed in mammography [17, 19]. 

Mammography uses parallel grids with carbon fiber interspacing and moving grids to reduce scatter radiation [18, 

19]. The function of moving grid and screen are shown in the Figure 7 & Figure 8 below. Single screens with 
Gd2O2S phosphor are used to reduce noise and increase resolution, while slow films are used to provide highest 

contrast and resolution [19]. The mammography cassette is loaded with the screen behind the film [17-20]. Single 

emulsion/single screen combination reduces light diffusion and improves image sharpness [17-20]. Automatic 

exposure control devices (AEC) are located underneath the image receptor, ensure the image receptor receives 

the optimum radiation dose and terminate the exposure, avoiding unnecessary patient dose [17-20]. Digital 

mammography improves performance by optimizing image acquisition, processing, display and storage [20]. 

 

Figure 7: The conceptual diagram of moving grid where the first picture shows that a boy took a photo when the 

train behind him is at rest and the second picture shows that when the train is in motion thus blurring out the train 
in the picture. This is how moving grid works. Sketched by Miss Nandini Kashyap. 
 

 

 

 
 

 
 

 

 

 

 

 

 

 

 

Figure 8: The conceptual diagram of screen demonstrates that an actor with a red dress in back stage with screen 

closed and in blue dress when screen is open. This can be considered as analogous to screen in mammography. 

X-rays falls on the screen and comes out as visible light from the screen. Sketched by Miss Nandini Kashyap. 
 

One of the judicious steps of avoiding the breast cancer is by eradicating or dispelling the myth that mammography 

will cause tremendous pain because of its unique technique of breast compression and will trigger various side 

effects. But in reality, this is not the case. Breast compression is not as painful as it is thought to be. This is 

demonstrated in the Figure 9 below.  
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Figure 9: The conceptual diagram of breast compression shows that mammography is not as painful as it is thought 

to be. Sketched by Miss Nandini Kashyap. 
 

4. Awareness towards Mammography screening: 

 

The rising trend of breast cancer mandates awareness of the topic among the population and demands 

improvement in accessibility for early clinical diagnosis and prompt treatment in health services. It includes a 

self-breast examination and mammography. A woman must routinely self-examine her breasts while keeping in 
mind the signs of breast cancer. Mammography screening is the only method presently considered appropriate for 

mass screening of asymptomatic women. Only mammography of both breasts is performed during the screening 

visit. Participants in screening procedures are invited with the implication that they will gain something from 

taking part [22]. Current guidelines recommend regular (annual or every 2 years) mammography in women aged 

50–69 years and in women with a strong familial history of breast cancer, with or without proven BRCA 

mutations, annual MRI and annual mammography are recommended. Regular mammography may also be done 

for women aged 40–49 and 70– 74 years, although the evidence for benefit is less well established [23]. Nowadays, 

the benefits and harms of mammography screening have been a matter of debate. Thus, it is of utmost importance 

that information about the benefits and harms of mammography screening is balanced to be communicated to the 

public [24, 25]. Benefits include early detection through mammography screening leading to improved 

possibilities of treatment. Moreover, early detection allows for a reduced number of mastectomies, better cosmesis 
in cases of breast conservation surgery, maximum replacement of axillary dissection by sentinel node biopsy, and 

reduced course of chemotherapy. These trends are being observed in Bavaria and the Dutch screening program, 

even with a moderate participation rate of up to 50% [26, 27]. Mastectomies are performed today only for extended 

DCIS, which in general represents a significantly higher risk of developing invasive and sometimes extended 

invasive breast cancers. Thus improvements in therapeutic options have the potential to greatly benefit women by 

increasing treatment efficacy along with reducing the negative impact on their physical and emotional well-being. 

          The use of mammography however involves radiation exposure, which is a known risk factor for breast 

cancer. But the amount of radiation exposure from mammography is very low and calculated to be 4 mGy per 

breast. As screening mammography is performed on healthy individuals, strict quality assurance measures are 

conducted to ensure that the aforesaid benefits are demonstrated. Additionally, some women may be concerned 

that compression during mammography may cause breast cancer, but there is no evidence to support this concern. 

There is a relative reduction in mortality from breast cancer ranging between 15 and 25% according to the 
randomized breast cancer screening trials, for women aged 50 to 69 years [28, 29, 30, 31]. There are also 

alternative screening methods available for women who may be concerned about radiation exposure, such as 

breast ultrasound or magnetic resonance imaging (MRI) which is worth noting. Nonetheless, these methods in 

general are reserved for women who have dense breast tissue and who are at high risk for breast cancer. Ultimately, 

a person should decide whether to have a mammogram or any other sort of breast cancer screening, after speaking 

with a healthcare professional about their specific risk factors and preferences.                                      

          The risk of false-positive recalls is one of the potential hazards of screening mammography. A false-positive 
result occurs when a mammogram seems to display an abnormality, but further testing shows the absence of 

cancer. This may lead to additional testing and unnecessary biopsies, which can be uncomfortable and confusing 

for patients as they have to carry out those at their own risk. While it can be stressful and anxiety-provoking to 
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receive a false positive call but it is important to account that the majority of women who are recalled after a 
screening mammogram will ultimately be found to have benign findings. Approximately 1% of the recalled 

women undergo a histopathological assessment to detect malignancy, and in rare cases, open surgery may be 

necessary and breast cancer is confirmed in 4-5 of 1,000 screened women [32, 33]. There are researches indicating 

that most women can tolerate stress for a short while and that it has no overall negative effects on compliance 

with subsequent screening invitations [34]. The majority of women prefer being recalled and value thorough 

investigation rather than taking unnecessary risks. Quality assurance measures, such as double and consensus 

reading help to ensure that the number of false alarms is as low as possible. Since the benefits of early detection 

far outweigh the potential risks and stress associated with a false alarm so patient should undergo mammography 

screening. The prevalence of interval cancers, which include tumours that exist and spread quickly but are 

mammographically occult or were overlooked owing to a reader error, is another drawback of screening 

mammography. Among women who take part in screening, 28 to 33% of breast cancers found are interval cancers 
[35], and this proportion remains stable in subsequent screening rounds [36]. It has been found that with the 

increasing use of digital mammography, detection rates of ductal carcinoma in situ (DCIS) and invasive cancers 

are higher than that of screen-film mammography. However double-blinded and consensus reading, special 

training, and continuous feedback can help optimize the sensitivity of screening mammography. As a result, 

women with interval cancer do not have a worse prognosis than women who choose not to have mammography 

of breast cancer, a statistical concept that describes the detection of breast cancers through screening that would 

not have caused harm to the patient if left undetected and untreated. The use of mammography screening has been 

found to increase the incidence of breast cancer; it poses a substantial ethical dilemma, as it burdens both the 

patient and the healthcare system. Over diagnosis may result in the diagnosis and treatment of breast cancer with 

no possible survival benefit for the individual woman but may cause increased mortality by other causes besides 

breast cancer. Despite these challenges, most calculations suggest that over diagnosis represents a relatively small 

proportion of breast cancer diagnoses, with estimates typically ranging from 5 to 10%. This means that for every 
10-100 diagnosed breast cancers, one may be over diagnosed. It is important to note that Duffy et al.'s [38] 

calculations suggest a relatively low rate of over diagnosis. While some studies [26, 38] have suggested that a 

small proportion of breast cancers may regress or remain stable without treatment, this phenomenon is not 

common and is difficult to predict. It is not recommended to rely on this assumption as a basis for deciding against 

treatment. The standard of care for breast cancer remains early detection, accurate diagnosis, and appropriate 

treatment based on individual patient characteristics and tumor characteristics. 

Figure 10: This is how the breast treatment planning is done on the treatment planning system. (State Cancer 
Institute, Gauhati Medical College). 

 

5. Treatment of Breast Cancer: 

 

Breast cancer treatment requires an individualized multidisciplinary approach that includes both local and 

systemic therapy. Local therapy involves surgery and radiation, with breast-conserving therapy (BCT) and 

mastectomy being the surgical options. BCT has been shown to be safe and equally effective as mastectomy in 

stage I and II breast cancer. Systematic therapy includes chemotherapy and hormonal therapy tailored to the 
biology of the tumour. Other approaches that may be considered include targeted therapy, immunotherapy, 

neoadjuvant and adjuvant therapy, radiation therapy, and supportive care [39-43]. CT Simulation is the first step 

to radiotherapy. CT Simulation involves immobilizing the patient in a simulator couch with an immobilization 

device or thermoplastic mould. X-rays are used to localize the malignant tumour, and lead markers are used to act 

as reference points. Radiotherapy involves matching the malignant tumour with the body surface. Images are 
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transferred to the Treatment Planning System (TPS). The body contours, target volumes and organs at risk were 
delineated and reconstructed into three-dimensional images. Target volumes and organs at risk are delineated 

using RTOG and ICRU recommendations. EBRT has four types of planning techniques: conventional 2D 

radiotherapy, 3DCRT, IMRT, and VMAT. Conventional 2D and 3DCRT is the most common type of breast 

treatment planning. 6MV, 15MV photon beams are used depending on the patient contour and tangential beams 

are used with appropriate wedges. Low weightage beams are also used to remove overdose regions. Wedges are 

used to push the dose in the lung to prevent under dosage while breathing. The images of breast planning done in 

the treatment planning system are shown in the Figure 10. The approved treatment plans were then sent to the 

machine for the treatment.  

 

6. Result:  

 
Now it is a fact that awareness can lower the incidences of disease. To illustrate that it can be cited that the number 

of cervical cancers has reduced and one of the factor is awareness drive prompting people to change their hygiene 

behaviour. The incidence of cervical cancer has decreased as a result of organised vaccinations and screening 

programmes in developed countries [44]. Awareness should be built so that people can come forward to access 

the available medical help i.e. mammography in order to combat breast cancer by allowing early detection. 

 

7. Conclusion:  

 

The risk of radiation-induced breast cancer risk is negligible in comparison to the anticipated mortality reduction 

achievable with screening for the mammographic screening regimens under consideration that start at age 40 [45]. 

Women over the age of 40 should not be discouraged from mammographic screening due to the risk of radiation-

induced breast cancer [45]. Regarding the amount of malignancies caused and probable fatalities, mammographic 

screening is projected to have a minimal risk of radiation-induced breast cancer [45]. Mammography can detect 

malignant diseases early, reducing mortality, but may lead to carcinogenesis [46]. In light of the possible 
advantages of screening, the carcinogenic risk is viewed as being low [46]. Annual mammographic screening has 

a significant benefit over radiation risk for women starting at age 50 [47]. According to Law's calculations [48, 

49], a single mammogram per breast at a dose of 1 mGy would uncover 186 times more breast cancers than it 

might cause the same in women aged 40 to 49 [48, 49]. Randomized control trails involving women of 40-49 age 

groups have shown that screening mammography can be beneficial [50]. There is evidence that screening 

mammography can reduce the mortality rate from breast cancer by 25% for women aged 50 and older [51]. 

According to this study, the risk of ionizing radiation should not be considered when deciding whether to undergo 

annual mammographic screening. However, the choice of participating in screening is ultimately up to each 

woman. 
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