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Abstract

In this chapter, the characteristics of several materials for application in me-
dical imaging are discussed. This text is focused on breast cancer, and thus, it is
mentioned in deep since the effects on human health until the medical tools to
give a medical diagnosis. A complete panorama of breast cancer is offered to the
reader in the introduction section. Thus, the chapter starts with the meaning of
cancer and the statistics of this disease. Then, the mammography images are men-
tioned as the current techniques for the diagnosis, particularly the use of X-ray
beams and the physics involved in the image generation. Afterward, experimental
results about Mn-oxide based nanoparticles are shown. The synthesis of nano-
particles was performed through accessible methods of synthesis from chlorides
compounds. And then, the nanoparticles were functionalized with silicon oxide
for enhancing the biocompatibility of the material. The physical properties of
nanoparticles were studied by X-ray diffraction, scanning electron microscopy,
transmission electron microscopy, energy dispersive X-ray spectroscopy, Raman
spectroscopy, and X-ray photoelectron spectroscopy. Artificial breast tissue was
obtained to test the nanoparticles and studied the behaviour in the tissue. The
possibility of employing the nanoparticles as contrast enhancement material for
breast cancer diagnosis is discussed.

Keywords: breast cancer, accessible methods of synthesis, nanoparticles, ear-
ly diagnosis, hydrothermal, artificial breast tissue.
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1. Introduction

Cancer is a complex disease where a group of cells in the human body tend
to grow out of control. It is known that one of the most common cancer-as-
sociated death among women is the breast cancer in the world. Invasive ductal
carcinoma and invasive lobular carcinoma are the two main kinds of cancer
found in the breast of women. These cancer cells begin in ducts and lobules
parts of the breast, respectively [1]. A variety of factors, mainly genetic, aging,
and environmental factors, are associated with the initiation and progression of
breast cancer. The new cases of breast cancer patients have been rising day by
day. However, the death rate through breast cancer is reduced by 43 % during
1990-2020 due to the development of various types of therapies for the early de-
tection and monitoring of patients [2]. Generally, breast cancer is diagnosed using
various techniques, namely breast ultrasound, diagnostic mammogram, imaging
techniques, biopsy, etc. The imaging techniques are suitable for the detection
of early breast cancer stages, which include mammography, positron emission
tomography (PET), magnetic resonance imaging (MRI), computed tomography
(CT) scan, and single-photon emission computed tomography (SPECT) scan,
ultrasound, and X-rays, among others . These imaging technologies constitute a
tool for determining the type and stage of breast cancer by the creation of visual
representations from the mama and the medical interpretation of these medi-
cal analyses. Among these imaging techniques, the mammography technique has
been attractive for the detection of cancers at an early stage of development that
can reduce the risk of dying due to breast cancer disease. The mammography
imaging technique utilizes a low-dose X-ray system as a source for visualizing the
tissue inside the breasts [3]. It contains several advantages (i.e., high sensitivity
and specificity, inexpensive, well tolerated, etc.) for diagnosis and monitoring of
patients in the early stages of cancer. Besides these various benefits, mammo-
graphy imaging is limited by technical performance, quality of practices, and the
patient-centered way of working. It has been shown from previous studies that
the utilization of external substances or materials or nanomaterials will be nee-
ded for developing emerging opportunities.

Breast cancer detection is categorized into three distinct stages: identification
of an abnormality in the breast tissue by an imaging technique (usually mammo-
graphy), diagnosis of cancer using imaging modalities plus a biopsy assay, and
characterization of abnormalities to determine a prognosis and an appropriate
course of treatment [4 — 6]. Mammography is designed for detecting breast cancer
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using radiographic examination. The performance of mammography imaging has
been improving for several decades by developing advanced detector technolo-
gies and powerful computers [7, 8]. Recently, digital mammography is used for the
eatly detection of breast cancer, which offers the promise of revolutionizing mam-
mography imaging and effective screening through its superior dose, diagnostic
accuracy, and control performance. The physical principles of mammography are
connected with breast composition, radiation energy, X-ray spectra, compression,
scattered radiation control, and magnification [9]. Breast tissue is composed of
milk glands, ducts and lobules, fatty tissues, and supportive tissues. Depending on
the compositions of these components, breast tissue is divided into dense breast
tissue and non-dense breast tissue. Mammography is helpful to detect eatly breast
cancer by determining the ratio of non-dense tissue and dense tissue. Mammo-
graphy uses X-rays to get images from breast tissue, which has a modest impact
on contrast. The shape of the X-ray spectrum in mammography is dependent
on the energy of applied potential and target/filter combination [9, 10]. Higher
X-ray energies can provide lower doses or better image quality even for patients
with dense breasts. The energies of X-rays used in mammography are generally
found in the range of 22-49 keV. Therefore, finding the optimum X-ray spectrum
provides valuable information about image quality and dose efficiency. Breast com-
pression is another important parameter in mammography imaging techniques. For
effective early breast cancer detection, the amount of exposed breast tissue should
be increased. Breast compression reduces radiation or improves image quality by
9]. After interacting X-rays with the breast tissues, the radiation will be scattered in
various directions. More scattered radiation produces by denser and thicker glan-

lowering scatter radiation, geometric blurring, and anatomical super-position [2

dular tissue than by the thinner, fatty, and transparent tissues. To get high-contrast
imaging, lower amounts of scattered radiation are preferred. The grid generally
consists of strips of lead, which are used to reduce undesired scattered radiation
that damages the image quality. The performance of image quality is related to the
grid ratio (i.e., the ratio of strip height to strip spacing). The greater grid ratio is
suitable to achieve the high efficiency of the grid and required radiation dose [9].
The increment of image quality is performed by reducing breast thickness and air-
gap technique. The imaging radiation then reaches the image receptor system that
consists of a single intensifying screen with a luminescent coating and a special
single-emulsion film. The film must be exposed to the proper film-screen system
and radiation quality to visualize the diagnosis in the optimum range. Afterward,
film processing is required for changing the image contrast, fog, noise, and sensiti-
vity. Solid-state detectors are utilized to record the scattered radiation that converts
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the scattered radiation into electronic signals. These electronic signals are sent to a
computer for displaying images on the monitor. The analysis of image quality can
visualize the characteristic morphology of a mass, the shape and spatial configura-
tion of calcifications, distortion of the normal architecture of the breast tissue, the
asymmetry between images of the left and right breasts, development of anatomi-
cally definable new densities [10]. The quantitative and qualitative descriptions of
image quality are influenced by the nature of the X-ray spectrum, X-ray absorption
properties at the anatomic region, geometric sharpness, the resolution characteris-
tic curve, noise properties of the imaging system, etc. The complete process of the
mammography imaging technique is presented in Figure 1. All the parameters used
in mammography should be optimized propetly to achieve effective resolution of
the image so that it will be useful for detecting cancer present in the breast.
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Figure 1. Components of mammographic imaging techniques.

Nowadays, the development of new testing devices as well as materials has
been improved for facilitating the detection of cancer. Nanotechnology is a
growing field of research, which involves the understanding and control of mat-
ter at the nanometer scale [11]. Nanotechnology offers new opportunities for the
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reduction of cost, working time, as well as environmental pollution. Nanocarriers
used for cancer diagnosis and therapeutic cancer drugs are divided mainly into
organic and inorganic, which are made from lipids, polymers, proteins nucleic
acid, metals, carbon, micelles, liposomes, dendrimers, and nanoparticles [12, 13].
The development of these nanoparticles is dependent on various factors, such
as the shape and size of the particle, surface chemistry, composition, potential,
elasticity, etc. Many of the applications of nanotechnology utilize nanomaterials
for designing devices and systems due to their unique physical as well as chemical
properties. Nanomaterials are characterized by unique physicochemical proper-
ties, such as small feature size in the range of 1-100 nanometers, large surface
area to mass ratio, and high reactivity that can be metals, ceramics, biomaterials,
polymeric materials, or composite materials. These properties of nanomaterials
make them different from bulk materials in general design processes and their
objectives. Based on dimensions, nanomaterials are divided into four different
classes: zero-dimensional nanomaterials (i.e., quantum dots, fullerenes, and na-
noparticles, etc.), one-dimensional nanomaterials (i.e., nanotubes, nanofibers,
nanorods, nanowires, and nanohorns, etc.), two-dimensional nanomaterials (i.e.,
nanosheets, nanofilms, and nanolayers, etc.), three-dimensional nanomaterials
(i.e., bulk powders, dispersions of nanoparticles, arrays of nanowires and nano-
tubes, etc.) [3, 13]. The variety of nanomaterials and their new properties have
been applied from extraordinarily tiny electronic devices to biomedical devices.
Nanomaterials can serve as vehicles for the delivery of therapeutic agents, detec-
tors, or guardians against early disease and perhaps repair of metabolic or genetic
defects. Various types of nanomaterials, namely nanoparticles (i.e., Ag, Au, SiO,,
TiO,, Fe,O,, etc.), quantum dots, carbon structures (i.e., graphene, graphene oxi-
de), dendrimers, and nanogels (i.e., polypeptides, collagen) have been using since
several decades for medical imaging, With growing advances in mammography
imaging, several nanomaterials using different nanoparticles of gold, silver, pla-
tinum, aluminum, palladium, copper, iron, silica, gold-coated Fe ,O,, gold-silver
alloy, silver sulfide, silica encapsulated silver, etc. have been employed by various
research groups [11 — 16]. Nanomaterials are also used as imaging agents. The
use of these nanomaterials in early cancer detection and therapy is promising to
overcome the limitations found in the conventional diagnosis methods and iden-
tification of abnormalities.

There are several examples of nanomaterials that have been used to enhance
the detection and diagnosis of cancers, namely quantum dots, carbon-based
nanomaterials (carbon nanotubes, buckyballs, nanodiamond), metal- or oxi-
de-based nanomaterials (gold, silver, aluminum, magnetic iron oxide, titanium
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dioxide, zinc oxide, silica, etc.), liposomes, and polymer-based nanomaterials
(polysaccharides, polypeptides, polyelectrolytes, dendrimers, and polynucleoti-
des). These nanomaterials have desirable characteristics that facilitate their use
for screening and imaging, These nanomaterials contain unique characteristic
properties, namely small size and shape in nanoscale, large surface area to mass
ratio, increased fraction of atoms at the surface, chemical compositions, multi-
functional capabilities, and high reactivity. The mechanical properties (i.e.,
strength, brittleness, hardness, toughness, fatigue strength, plasticity, elasticity,
ductility, rigidity, yield stress, etc.), thermal properties (thermal conductivity,
thermoelectric power, heat capacity, and thermal stability, etc.), magnetic pro-
perties  (diamagnetic, paramagnetic, ferromagnetic, antiferromagnetic,
ferrimagnetic, etc.), electrical, optical, and catalytic properties are the most im-
portant physicochemical properties of nanomaterials [13, 17, 18]the understating
of nanotechnology, cancer biology, immunomedicine, and nanoparticle surface
chemistry has provided a better clue to prepare the effective immuno-nanome-
dicine for cancer therapy. Moreover, the selection of nanoparticles type and its
composition is essential for development of efficient drug delivery system
(DDS. These properties are mainly dependent on the size and shape of nano-
materials, which are different from bulk materials of the same composition. For
improving the contrast in mammography imaging, various properties of nano-
materials have been studied thoroughly. The nanomaterials should have the
properties, such as small size and shape, high X-ray absorbance, low cytotoxici-
ty, high permeability and retention, chemically inert, high adaptability, strong
near-infrared absorber, ability to alter electromagnetism properties, easily con-
trolled features, high stability, good tolerability, etc. for contrast enhancement [3,
18]including in ultrasonography, computed tomography, scintigraphy, and mag-
netic resonance imaging. Nanoparticles have become more prevalent in reports
of novel contrast agents, especially for molecular imaging and detecting cellular
processes. Fluorescent nanoparticles can easily be tuned for specific imaging
purposes. They offer a more intense fluorescent light emission, longer fluores-
cence lifetimes, and a much broader spectrum of colors than conventional
fluorophores. Nanoparticle contrast agents for ultrasound have also been deve-
loped, which may enhance the sensitive detection of vascular and cardiac
thrombi, as well as solid tumors of the colon, liver, and breast, in a noninvasive
manner. Most common materials that have been used for the development of
photo-based nanoparticles (NPs. To enhance the quality of imaging compared
with the conventional technique, various techniques, namely a combination of
nanomaterials with a superconducting quantum interface device, metal alloys, a
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combination of metal nanoparticles with semiconductors, magnetic nanoclus-
ters, etc. are also employed. With these recent developments for enhancing
contrast, nanomaterials could improve the chances of locating tumors, and trac-
king their levels and microcalcifications in the breast tissue with high selectivity,
special resolution, and sensitivity for early detection [12]. Although these nano-
materials are promising in the field of medical imaging, the use of nanomaterials
is limited by their cost, time, safety, and complexity. Various types of nanomate-
rials, such as thin films, multilayers, nanotubes, nanofilaments, nanometer-sized
particles, etc. have been synthesized by many different techniques. The choice
of the particular synthesis techniques for nanomaterials depends on diverse fea-
tures such as source materials, nature of substrate, required film thickness,
specific application of nanomaterials, material’s purity, material’s stability, repea-
tability, uniformity, flexibility, etc. These features are directly related to the
material properties and production costs. Depending on the quality of synthe-
sized nanomaterials and fabrication cost, techniques for the synthesis of
nanomaterials are generally divided into two categories: physical-based and che-
mical-based techniques. The physical-based methods like thermal evaporation,
sputtering, molecular beam epitaxy, pulsed laser deposition, etc., are normally
designed to synthesize high-quality materials with fewer impurities, showing
more reliable and reproducible techniques. Electrochemical processes, chemical
polymerization, sol-gel, chemical vapor deposition, colloidal dispersion, hydro-
thermal route, etc., are some examples of chemical-based techniques for the
synthesis of nanomaterials. Solution-based techniques possess cost-effective
devices due to their simplicity of the deposition process, ease to handle, require
less energy usage, better material utilization, and use of potentially low energetic
incentives (i.e., low substrate temperatures, atmospheric environment, etc.). The
completed information about these methods and their respective advantages,
disadvantages, and types of nanomaterials to be synthesized is found in the re-
ported literature [1, 19, 20]. The synthesis of nanomaterials is a complex process,
which can be categorized into various steps: generation of the atoms/molecules
from the source, transport of the soutce atoms/molecules to the substrate (or
container), nucleation process, and growth of nanomaterials. At present, the
synthesis techniques play a vital role in controlling the structures of nanomate-
rials at the nanoscale. The optical, electrical, magnetic, biological, structural, and
morphological properties of nanomaterials can be tailored depending on the
synthesis techniques and synthesis parameters. Based on these properties, nano-
materials can be used in a variety of applications. Image processing is a vital step
in the quantification of structural features from images. Morphology is another
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technique of image processing, which is based on the shape and form of ob-
jects. Generally, morphology utilizes a structuring element to an input image for
creating an output image of the same size. Morphological operations such as
erosion, dilation, opening, and closing are used to perform morphological ima-
ge analysis [21]. The Breast Imaging-Reporting and Data System classified
mammographic features into various categories of morphology, namely punc-
tuated (round or oval shape), amorphous (rounding or flaking shaped), coarse
heterogeneous (irregular and conspicuous), fine pleomorphic (more conspi-
cuous), and fine linear and fine linear branching (thin, irregular linear) [22].
These morphologies are mainly dependent on the size and shape of images. The
formation of an image of an object or breast cancer tissue involves different
steps, such as capturing the image, digitization, transmission, etc. The technique
adopted for enhancing the quality of an image is also called contrast enhance-
ment. Numerous contrast enhancement methods, namely, histogram stretching
or histogram equalization technique, algorithms, thresholding, classical image
filtering, wavelet transformation, mathematical morphology techniques, multi-
fractal models, etc., have been proposed to improve the contrast of images [21 — 20].
All these techniques are designed to improve the contrast of images by analyzing
multicomponent images, removing the noise in high frequency, increasing the
distribution of gray levels, analyzing the quantitative description of complex
structures, minimizing the homogeneity of co-occurrence matrix of the original
image, sharpening medical images, removing the clouds to achieve more clarity,
among others. Recently, techniques based on mathematical morphology are
applied for contrast enhancement due to their advantages over other techniques
for providing better visualization of images. Mathematical morphology uses
mathematical principles and relationships to extract the components of images,
which are based on the structural properties of objects [23, 24]. It uses an input
image and processing operator for image processing that involves selective ex-
traction of the features followed by contrast enhancement.

2. Experimental procedure

Two materials were explored: (1) Mn,O,, and (2) MnFe O, nanoparticles. To
synthesize the Mn,O, nanoparticles, manganese (II) chloride, deionized water
with 18 M€ as resistivity value, two inches epi ready silicon wafers (1 0 0) were
commercially acquired from MERK (SIGMA-ALDRICH). On the other hand,
to obtain the MnFe O, nanoparticles, iron chloride, and manganese chloride
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were used as metal sources, and sodium dodecyl sulfate, ethanol, and sodium
hydroxide, were commercially obtained from the same provider. The functionali-
zation of nanoparticles with silicon oxide was performed by using ammonia, and
tetracthyl orthosilicate, which were commercially obtained. In addition, artificial
breast tissue was made based on our previous work [27] to evaluate the behavior
of synthesized materials. Thus, xylene, benzalkonium chloride, ammonium hy-
droxide, alumina, hydrogen peroxide, acetone, glycerin, agar, silicon carbide, and
methanol were commercially acquired from MERK (SIGMA-ALDRICH). All
the reagents were used without further purification process.

To raise the Mn,O, nanoparticles the known spray pyrolysis methodology
was employed according to our previously reported methodology [28]. Thus, the
manganese chloride was used to prepare a 0.5 M aqueous solution. The solution
was fogged to nebulize the substance and guide it by a 21 % Oxygen flux to the
surface of a silicon substrate at 450 °C. Then, the sample was cleaned in a subse-
quent bath of ethanol and water. Finally, it was dried in nitrogen flux. To collect
the nanoparticles, the sample was undergone in an ultrasonic source for 30 min
and then, was centrifugated at 10,000 RPM for 10 min. On the other hand, to rai-
se the MnFe O, nanoparticles the hydrothermal method was used following the
procedure reported in our previous research work [29]. Thus, manganese chlo-
ride and an iron chloride solution were made in water. Afterward, the solutions
were mixed in a proportion of 2:1 for Fe: Mn and bubbled for 30 min with a 21 %
oxygen atmosphere. The solution was placed in an autoclave for performing the
hydrothermal methodology. The entire system was heated to 180 °C for 4h to
obtain nano-icosahedrons. The sample was recovered after synthesis and cleaned
by a subsequent bath of ethanol and water. Then, it was dried into a 20 L/ min
nitrogen flux.

For functionalization with SiO,, both kinds of nanoparticles were placed in
a chemical water according to the procedure previously reported [29]. Ethanol,
deionized water, and ammonia were mixed in a rate of 20:20:4 respectively. The
mix was sonicated for 10 min to homogenize it. Then, the nanoparticles, Mn,O,
and MnFe O, were combined with tetraethyl orthosilicate plus the mix previous-
ly obtained in separately events. The mix was held at room temperature and was
stirred for 8 h to bring the Mn,O, nanoparticles-SiO, and MnFe O, nanoparti-
cles-SiO, complex, respectively.

The artificial breast tissue (ABT) was made from the reagents shown in Table
1. Thus, benzalkonium chloride, glycerin, and water were placed in a beaker and
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mixed at 30 °C. Afterward, alumina powder with an average diameter of 1 um
and 0.3 um was mixed separately with silicon carbide and agar. Both mixings were
incorporated to constitute the ABT at 91 °C with constant stirting of 40 RPM/min
for 3 h. Then it was cooled down in the water for 1 h and then was placed on a
surface at room temperature. The dispersion of the nanoparticles was studied
before and after functionalization with SiO,.

Table 1. List of reagents and materials with the corresponding proportion
used to constitute the artificial breast tissue.

Chemical Reagent Wt. % composition
deionized water 82.97
Glycerin 11.21
benzalkonium chloride 0.46

Agar 3

silicon carbide (17 um) 0.53
alumina (particle size of 1 um) 0.95
alumina (particle size of 0.3 um) 0.88

All the samples were characterized by X-ray diffraction (XRD, Bruker D8
Eco Advance diffractometer) by using a radiation Cu ka = 1.5418 A, scanning
electron microscopy (SEM, JEOL 7401F microscope) with a system for energy
dispersive X-ray spectroscopy (EDS), dynamic light scattering (DLS, an Anton
Paar Litesizer 500), transmission electron microscopy (TEM, JEOL ARM200F),
X-ray photoelectron spectroscopy (XPS, Thermo Fisher Scientific K-alpha
model) with Al ke monochromatic beam as beam source, and atomic force mi-
croscopy (AFM, SOL instruments NT-MDT model).

3. Results and discussion

To analyze the morphology of nanoparticles, scanning electron microsco-
py images were recorded. Figure 2a and b shows the comparison between the
Mn,O, and MnFe O, nanoparticles, where both kinds of nanoparticles are obtai-
ned with a high grade of dispersion. Transmission electron microscopy images
evidence in great detail the morphology of as synthesized nanoparticles, where
the Mn,O, nanoparticles have a sphere-like shape (Figure 2c) and the MnFe O,
nanoparticles have an icosahedron-like shape. The difference in shape could be
attributed to the methodology due to Mn O, nanoparticles being synthesized
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by spray pyrolysis and MnFe O, nanoparticles being obtained by hydrothermal
method. Morphology could have an important effect on the application as a con-

trast enhancement agent in mammography images because of the surface charge
linked to the staking of materials [30].

Figure 2. Scanning electron microscopy images of (a) Mn,O, and (b), Mnk'e,O, nanoparticles.
Transmission electron microscopy images of (c) Mn,O, and (d), MnFe,O, nanoparticles.

The phase present in the samples was analyzed by X-ray diffraction. Figure 3
shows a comparison between the signal obtained from the Mn,O, and MnFe O,
nanopatrticles. The diffraction of (011), (112), (013), (121), (004), (220), (015), (231),
(033), (224), (125), (040) and (143) planes were found in good agreement for Mn,O,
phase [28]. The (220), (311), (400), (422), (511), and (440) planes are in good agree-
ment for the cubic phase of MnFe O, [29]. In addition, the elemental contents were
analyzed by energy dispersive X-ray spectroscopy (EDS), finding the elemental pro-
portion according to Mn,O, and MnFe O, phase, Figure 3b and 3c, respectively.
Thus, the nanoparticles have a homogeneous phase according to obtained results.

Moreover, the MnFe O, nanoparticles were characterized by X-ray pho-
toelectron spectroscopy (XPS) in four different morphologies: (i) flakes, (ii)
rough-octahedrons, (iif) regular-octahedrons, and (iv) icosahedrons. Figure 4 shows
the comparison between the recorded signal of the different analyzed morpholo-
gies. As can be seen in Figure 4, the proportion rate between the Fe and Mn ions is
different among the samples. On the other hand, the oxygen signal (after applying
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a Gaussian fit) unveils a strong difference in the oxygen components, and oxygen
vacancy density could be the main factor linked to morphology [31, 32]. This varia-
tion in oxygen vacancies can confer an enhancement for distribution into the breast
tissue and for functionalization toward drug carriers’ formation.

The artificial breast tissue (ABT) is shown in Figure 5a. Figures 5b and ¢ show
a comparison between two dispersions of nanoparticles into the ABT (1 ug/mlL,
and 600 pg/mL). And Figures d and e show the profile of the selected region.
Can be seen a clear difference in nanoparticles once they are incorporated into
the ABT. The nanoparticles are well incorporated into the ABT as can be seen
in the TEM image (see Figure 5f). Figures 5g and 5h show the distance between
the nanoparticles according to the concentration induced by the ABT. The nano-
particles can be dispersed according to the concentration rate in the ABT, this is
useful for contrast enhancement application due to dispersion guarantee a major
efficiency in the material employed for this application.
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Figure 5. (a) Photograph of the ABT with nanoparticles incorporated. AFM image of Mn O,
nanoparticles into ABT with a nanoparticle mass rate of (b) 1 pg/mL and (c) 600 ug/mL
(Inserts show the 3D projection of shown area, respectively). The (d) and (e) show the rough-
ness profile of sections depicted in (b) and (c), respectively. (f) Mn,O, nanoparticles into ABT
imaged by HRTEM. The relationship between the nanoparticles rate in ABT and (g) the size of
the gaps, and (h) interparticle distance. Taken from reference [28].
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Once the nanoparticles were functionalized, they were exposed to a breast
cancer cell (BT 0 cell line) for 24 hours. After the time was reached, the sample
was prepared for visualization in a transmission electron microscope. Figure 6
shows the nanoparticles inside the cell, this could be useful for specific targeting
of breast cancer disease and specific targeting,

Figure 6. Transmission electron microscopy image of a breast cancer cell after 24 h
of interaction with Mn,O, and MnFe O, nanoparticles.

4. Conclusions

This chapter described detailed information about mammography imaging
for early breast cancer detection. Although the mammography imaging technique
is efficient for identifying cancer tissue, it will not always provide the best reso-
lution of images due to the complex structure of human tissue. Therefore, the
use of nanomaterials in mammography imaging will be a promising alternative as
a contrast agent to detect abnormal tissue appropriately. Many studies regarding
the use of different nanomaterials in mammography imaging have been found
to improve the performance of imaging techniques. Despite the development of
more nanomaterials in mammography imaging, the use of these nanomaterials
is still associated with some limitations regarding synthesis techniques for com-
mercialization, sensitivity, specificity, etc. To solve these challenges or limitations,
highly dynamic synthesis techniques and optimization of synthesis parameters
for nanomaterials should be done to get high-quality material at low-cost. Since
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nanomaterials can greatly improve the survival rates for breast cancer patients,
future studies should also aim at their features, their safety and efficacy profi-
le, their potential applications, their experimental observations, etc. The Mn,O,
(red) and MnFe, O, nanoparticles can be applied for contrast enhancement in
mammography images for eatly breast cancer diagnosis.
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