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Abstract: Near-infrared spectroscopy (NIRS) has emerged as a critical technology in the field of
medical imaging, offering significant applications in areas such as brain imaging and breast imaging.
This paper provides an in-depth examination of the evolving trends in NIRS, with a particular focus
on its integration with other imaging modalities like functional magnetic resonance imaging (fMRI)
and electroencephalography (EEG). The discussion highlights the progress made in combining these
techniques to enhance the breadth and depth of medical diagnostics. Key challenges associated with
NIRS are thoroughly explored, including issues related to its spatial resolution, sensitivity to deeper
tissues, and the influence of extracerebral structures on signal specificity. Efforts to improve the
quantitative accuracy of hemodynamic measurements are also addressed, with particular attention
to overcoming obstacles posed by tissue heterogeneity and limited spatial resolution. Further, the
paper delves into the advancements in diffuse optical tomography, the ongoing development of NIRS
instrumentation, and the role of clinical trials in validating its diagnostic reliability for breast imaging.
Emphasis is placed on the need for standardized practices, the seamless integration of NIRS into
routine clinical workflows, and the opportunities for future research to address unresolved challenges
and expand the utility of this promising technology.

Keywords: near-infrared; spectroscopic; medical imaging; brain imaging; cognitive; breast cancer;
brain activity; fNIRS

1. Introduction to Near-infrared Spectroscopy
Near-infrared spectroscopy (NIRS) has emerged as a highly versatile and effective tool across a

wide range of biomedical imaging applications, providing significant insights into the structure and
function of biological tissues. This non-invasive technique has proven invaluable in exploring various
physiological and pathological processes, as highlighted in [1,2]. A key area of NIRS application is
functional brain imaging, where it enables the monitoring of cerebral oxygenation and hemodynamics
without requiring invasive procedures. By detecting variations in the absorption of near-infrared
light, NIRS delivers real-time data on brain activity, which is especially advantageous for investigating
cognitive functions and the intricate relationship between neuronal activity and blood flow, known as
neurovascular coupling. Beyond neuroimaging, NIRS has established its importance in cardiovascular
imaging. It plays a crucial role in evaluating tissue oxygenation within the heart and peripheral
vascular regions, aiding in the diagnosis of ischemic conditions and the monitoring of interventions
during cardiac surgeries. In oncology, NIRS-based diffuse optical tomography has become an essential
tool for the early detection and characterization of tumors. By leveraging the unique absorption
spectra of different chromophores, as illustrated in Figure 1, NIRS facilitates the analysis of tissue
composition and vascularity. This capability significantly contributes to the accurate localization
and differentiation of tumors. Additionally, NIRS shows considerable promise in the domain of
musculoskeletal imaging, where it provides valuable information about oxygenation levels in skeletal
muscles during physical activities such as exercise or during rehabilitation processes. Thanks to
its non-ionizing nature, portability, and suitability for continuous monitoring, NIRS offers unique
advantages for point-of-care settings. Its flexibility makes it a highly attractive modality for a variety
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of medical applications, as discussed in [3–5]. This combination of features underscores its potential as
a cornerstone in modern biomedical imaging practices.

Over the last hundred years, the field of optical medical imaging has undergone remarkable
advancements, playing a crucial role in modern medicine by enabling the acquisition of high-density
data with exceptional accuracy. These improvements have not only enhanced the precision of medical
imaging but have also minimized the likelihood of errors, offering clinicians more reliable insights.
Furthermore, the evolution of optical imaging has introduced a broader spectrum of source-detector
configurations and wavelengths, providing significantly greater flexibility and adaptability compared
to earlier imaging methods. The concept of "light," as it pertains to these imaging techniques, covers an
extensive range of wavelengths that include the infrared, visible, and ultraviolet portions of the electro-
magnetic spectrum. This understanding of light stems from James Clerk Maxwell’s groundbreaking
work in the 19th century, where he described it as a form of electromagnetic wave propagation. Since
then, researchers and scientists have utilized this foundational knowledge to explore a wide variety of
physical processes and properties within the human body. Optical imaging techniques have been in-
strumental in measuring and documenting these phenomena, contributing to a deeper understanding
of human physiology and advancing medical diagnostics.

Figure 1. Absorption spectra (NIR region) of oxy and deoxyhemoglobin.

Near-infrared spectroscopy diffuse optical tomography (NIRS-DOT) combines the principles of
spectroscopy with advanced tomographic techniques to create a powerful imaging tool. One of its
most notable strengths lies in its capacity to examine biological tissues non-invasively while providing
detailed insights into both depth and structural complexity. By utilizing near-infrared light, NIRS-
DOT enables the analysis of internal tissue composition and functional characteristics, delivering a
comprehensive understanding of anatomical structures and physiological activities [6,7]. This imaging
approach has proven particularly valuable in the study and diagnosis of diseases such as breast cancer
[8]. Its ability to detect and differentiate the optical properties of tissues makes it a critical tool for the
early detection and characterization of tumors. The integration of multiple light sources and detectors,
along with the use of sophisticated image reconstruction algorithms [9], facilitates the rapid generation
of three-dimensional images, allowing for detailed visualization of the tissue under examination.

Recent innovations in the field include the development of circular probes designed for continuous
spectroscopic imaging, enhancing the modality’s capability for dynamic assessments. Furthermore,
the incorporation of GPUs for image reconstruction has significantly accelerated the process, enabling
real-time imaging and improving the overall efficiency of NIRS-DOT. Efforts to further optimize
the technology are ongoing, focusing on reducing costs by integrating components such as LEDs
and photodetectors, and designing specialized instruments capable of high-speed imaging. These
advancements highlight the growing potential of NIRS-DOT as a versatile and impactful tool in the
realm of medical diagnostics, offering promising applications across a wide range of clinical settings.

Diffuse Optical Tomography (DOT) has gained significant attention over the past few decades due
to its ability to generate functional images of biological tissue using non-ionizing near-infrared (NIR)
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light. This makes it particularly useful in imaging soft tissues, such as the brain and breast, without
exposing patients to harmful radiation. The process of accurately estimating the internal distribution of
optical properties within the tissue heavily relies on measurements taken at the boundary of the tissue.
These measurements are crucial for understanding how light interacts with the tissue, especially since
NIR light primarily interacts with tissue through scattering. As a result, the problem of estimating these
internal properties, known as the inverse problem, is complex, nonlinear, ill-posed, and sometimes
underdetermined. Solving this problem requires computationally demanding models. In these models,
the optical properties of the tissue are iteratively adjusted to match experimental data, typically using
a least-squares approach. The algorithm depicted in Figure 2 illustrates the process involved in DOT
image reconstruction. However, due to the computational intensity of these models, obtaining real-
time optical images remains a significant challenge, as the models need to be run repeatedly to refine
the data and ensure accurate results.

Figure 2. Algorithm for DOT image reconstruction.

2. Brain Imaging using NIRS
Simple imaging techniques utilizing near-infrared spectroscopy (NIRS) include functional near-

infrared spectroscopy (fNIRS), a method that focuses on channel-wise measurements rather than
complete tomographic image reconstruction [10]. The natural transparency of biological tissues to
near-infrared (NIR) light allows this technique to penetrate the scalp and reach the brain, enabling
real-time monitoring of cerebral oxygenation levels and dynamic hemodynamic changes. fNIRS is
grounded in the principles of spectroscopy, employing multiple wavelengths of NIR light to measure
the concentration of chromophores such as oxyhemoglobin and deoxyhemoglobin in brain tissues.
The process involves directing NIR light sources onto specific regions of the scalp [Figure 3], while
optoelectronic sensors, carefully positioned over the head, detect the light that is either transmitted
through or reflected by the tissues. The captured signals undergo rigorous signal processing to
derive meaningful physiological information. To quantify changes in hemoglobin concentrations
and oxygen saturation levels in cerebral tissues, methods like the Modified Beer-Lambert Law are
commonly applied. These calculations are crucial for understanding regional cerebral oxygenation
and its variations as shown in Figure 3. Researchers are continuously working to enhance the spatial
resolution, depth sensitivity, and specificity of NIRS measurements, aiming to improve its capability in
detecting localized changes in brain activity.

Recent advancements have also seen the integration of NIRS with other neuroimaging modalities
such as functional magnetic resonance imaging (fMRI) [11] and electroencephalography (EEG) [12–14].
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These multi-modal approaches provide a more comprehensive view of brain function by combining
the strengths of each technique.The technical features of NIRS make it a valuable tool in neuroimaging,
offering real-time insights into cerebral hemodynamics and oxygenation. Its applications extend
across various domains, including neuroscience research, cognitive studies, and clinical settings. For
example, NIRS is instrumental in brain-computer interface development and in monitoring cerebral
autoregulation in critically ill patients, underscoring its potential for both innovative research and
practical medical interventions.

Figure 3. Brain imaging using functional near-infrared spectroscopy (fNIRS).

Functional near-infrared spectroscopy (fNIRS) is a widely utilized tool for brain imaging, with
diverse applications such as measuring mental workload [15–19], assessing mental stress [20], and
supporting neurofeedback studies [21]. Compared to diffuse optical tomography (DOT), the design and
implementation of an fNIRS system are relatively straightforward [22–25]. For instance, researchers
have demonstrated the use of compact patches for brain imaging applications [23,25]. However,
the quality of the signals obtained through fNIRS heavily depends on the design and placement
of its light sources and detectors, collectively known as optodes [26,27]. This makes the precision
in hardware configuration critical for reliable data acquisition. Recognizing the growing need for
mobility and accessibility, significant research efforts have focused on developing portable fNIRS
systems [4,28]. Innovations in this field include the integration of Internet-of-Things (IoT) technology
into fNIRS systems, enabling remote monitoring and data collection capabilities [29–31]. Another
exciting advancement in fNIRS technology is its compatibility with machine learning techniques. By
applying machine learning algorithms in real-time, researchers can achieve automatic classification
of brain function, opening new doors for more sophisticated and efficient analysis of neural activity
[17,32–34]. These developments highlight the versatility and potential of fNIRS as a tool for both
research and clinical applications, making it a valuable resource in neuroscience and cognitive science.

2.1. Processing of NIRS Signals

The analysis of fNIRS data requires sophisticated signal processing techniques to extract valuable
insights into brain function, given the inherent complexity of the signals [35]. The initial steps in
processing involve addressing various sources of noise that can degrade signal quality, such as motion
artifacts and physiological interferences. These noise factors are significant challenges that must be
carefully managed to ensure accurate results. To enhance signal quality, spatial filtering techniques
like adaptive filtering and principal component analysis (PCA) are commonly utilized. These methods
aim to minimize contamination from superficial tissues, such as the scalp and skull, thereby increasing
the specificity of the recorded signals to cortical brain regions. This preprocessing step is crucial for
isolating meaningful brain activity from extraneous influences.

The raw fNIRS data, which reflect changes in oxyhemoglobin (HbO) and deoxyhemoglobin (Hb)
concentrations, are then subjected to statistical analyses to identify task-related activations. General
linear models (GLMs) are widely used in this context to model the relationship between the observed
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fNIRS signals and the experimental conditions. By doing so, researchers can pinpoint brain regions
associated with specific cognitive or motor tasks. In addition to traditional statistical methods, machine
learning techniques have become increasingly prevalent for analyzing fNIRS data [36]. Approaches
such as support vector machines (SVMs) and neural networks take advantage of the high-dimensional
nature of fNIRS datasets, enabling the classification of different cognitive states or task conditions.
These algorithms offer a powerful means of interpreting complex patterns within the data, facilitating
a deeper understanding of brain function and advancing applications in neuroscience and cognitive
research. Human digital twins may also be possible in the future using fNIRS and EEG [37].

Temporal and spectral analyses are fundamental for understanding the dynamic aspects of brain
function through fNIRS data. Temporal analyses primarily involve examining hemodynamic response
functions (HRFs), which enable researchers to evaluate the timing, duration, and amplitude of neural
activations. These analyses are essential for understanding how the brain responds to specific stimuli
or tasks over time. On the other hand, spectral analyses delve into the frequency characteristics of
fNIRS signals. Techniques such as wavelet transforms and Fourier analysis are employed to explore
the frequency domain, helping to identify oscillatory patterns in brain activity that are linked to
various cognitive processes. These frequency-based insights provide a deeper layer of understanding
regarding the rhythmic components of brain function. Additionally, connectivity analyses form a vital
aspect of fNIRS signal processing by focusing on the functional interactions between different brain
regions. Tools such as seed-based correlation analysis and graph theory are commonly used to map
and interpret the networks underlying cognitive tasks or resting-state conditions [38]. These methods
reveal how different regions of the brain communicate and coordinate to perform complex cognitive
functions.

The field of fNIRS signal processing is continually advancing to tackle challenges like integrating
data from multiple channels, effectively removing artifacts, and enabling real-time processing for
practical applications, such as brain-computer interfaces. These innovations are crucial as fNIRS gains
broader acceptance in both neuroscience and clinical research. As signal processing techniques evolve,
they will play an increasingly critical role in maximizing the capabilities of this powerful and versatile
neuroimaging technology, helping to unravel the complexities of human brain function.

3. Breast Cancer Imaging using NIRS
In 2019, breast cancer claimed the lives of more than 45,000 women in the United States, highlight-

ing its devastating impact and cementing its position as one of the most prevalent cancers affecting
women [39,40]. Within urban populations, breast cancer stands out as the leading cancer diagnosis
among women, accounting for approximately 20% of all documented cancer cases in women’s cancer
registries. Although breast cancer is most commonly diagnosed in women aged 50 and older, a signifi-
cant proportion—around 32% of cases are found in women under the age of 50. While invasive forms
of the disease are more frequent in women past the age of 50, there is an observable and concerning
increase in cases among younger women. This upward trend underscores the importance of raising
awareness, advancing early detection strategies, and focusing on preventive measures to address this
growing public health challenge.

Notably, approximately 10% of all new breast cancer diagnoses in the United States occur in
women under the age of 45. Several factors contribute to an increased risk of developing breast
cancer, including early onset of menstruation (menarche), delayed menopause, having a first full-term
pregnancy after the age of 31, a family history of breast cancer diagnosed before menopause, and
personal history with either breast cancer or benign proliferative breast conditions. These risk factors
highlight the complex and multifactorial nature of breast cancer’s origins, pointing to the wide array
of influences that can affect a woman’s likelihood of developing the disease. Given this complexity,
there is a pressing need for increased awareness, early screening, and proactive health strategies aimed
at women across different age groups to help manage and reduce breast cancer risk [41].
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Diffuse optical tomography (DOT) imaging is based on the interaction between near-infrared light
and biological tissues, offering crucial insights into the distribution of various optical properties, such
as absorption and scattering, as illustrated in Figure 4 [42,43]. Ongoing research in DOT is primarily
focused on improving key aspects of the technique, including its spatial resolution, depth penetration,
and quantitative accuracy. These improvements are essential for enhancing the reliability and applica-
bility of DOT in clinical settings. To overcome the challenges posed by light scattering in biological
tissues, advanced reconstruction algorithms and computational models are being developed. These
innovations aim to refine the process of reconstructing three-dimensional images, with a particular
emphasis on increasing the fidelity and precision of the resulting data. The ultimate goal is to make
DOT a more effective and practical tool for clinical diagnostics and treatment monitoring.

Figure 4. Conceptual diagram of DOT system. System uses NIR light to probe optical property of biological tissue.

In addition to ongoing advancements in DOT technology, integrating it with other imaging tech-
niques, such as magnetic resonance imaging (MRI) and computed tomography (CT), is an important
focus of current research. By combining these modalities, a more comprehensive imaging approach
can be achieved, taking advantage of the unique strengths of each technique to provide both structural
and functional insights. This multimodal approach holds the potential to enhance the overall accuracy
and diagnostic capabilities of medical imaging. Furthermore, significant efforts are being made to
improve the hardware components that support DOT systems [44], such as light sources and detectors.
By optimizing these components, researchers aim to increase the sensitivity and specificity of DOT,
allowing for more precise measurements and better clinical outcomes. Clinical studies are actively
being conducted in areas such as breast cancer detection, brain imaging, and functional monitoring
of vital organs. These studies are critical in assessing the real-world applicability of DOT and in
determining its potential for routine use in medical practice.

Clinical trials are currently underway to evaluate the performance of DOT in diverse healthcare
settings, aiming to validate its effectiveness and establish its reliability as a diagnostic tool. Notable
contributions to this field include the work of Gibson et al., who have made significant strides in devel-
oping advanced reconstruction algorithms for DOT, improving the quality of reconstructed images.
Additionally, Zhang et al. have conducted research on integrating DOT with other imaging modalities
to enhance breast cancer detection, showcasing the potential for cross-technology collaboration to
improve diagnostic accuracy.

3.1. NIRS Medical Image Reconstruction

The process of image reconstruction in diffuse optical tomography (DOT) is a crucial step in
transforming the collected data into accurate three-dimensional models that represent the internal
optical properties of biological tissues. This step is vital for understanding the structure and function
of tissues at a deeper level. However, due to the complex way light interacts and propagates through
biological tissues, along with the diffuse nature of the measurements, sophisticated algorithms are
necessary to ensure the quality and precision of the reconstructed images.

A primary difficulty in this process is the ill-posed nature of the inverse problem in image recon-
struction. Essentially, this means that multiple different distributions of optical properties can produce
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the same set of measurement data, making it challenging to pinpoint the exact characteristics of the
tissues. To address this challenge, various mathematical approaches are employed, with both itera-
tive and analytical methods being commonly used. Iterative reconstruction algorithms, particularly
gradient-based optimization techniques, aim to reduce the difference between the measured data and
the predicted data through repeated adjustments.

Incorporating regularization methods, such as Tikhonov regularization, helps maintain stability
in the reconstruction process, preventing overfitting when noise is present in the measurements. This
ensures that the model remains accurate without being overly influenced by small fluctuations in
the data. Furthermore, Bayesian approaches are increasingly being utilized, as they allow for the
integration of prior knowledge about the expected distributions of optical properties. This additional
information helps to improve the reliability and precision of the reconstruction process, enhancing the
overall robustness of DOT imaging systems.

The integration of anatomical information into the process of DOT image reconstruction has
become a crucial focus in recent research. By combining structural data from other imaging modalities,
such as X-ray computed tomography (CT) or magnetic resonance imaging (MRI), hybrid imaging
approaches significantly improve the spatial accuracy and boundary definition of optical targets in
DOT. This fusion of multimodal data enhances the overall precision of the reconstructed images,
helping to overcome some of the limitations of DOT, particularly its challenges in capturing detailed
structural information.

Moreover, ongoing advancements in regularization techniques have made a substantial impact
on improving the spatial resolution of reconstructed DOT images. Nonlinear regularization methods,
including total variation regularization, are being increasingly utilized to preserve sharp edges and
finer details in the images, thereby enhancing their overall quality. Additionally, the use of sophisticated
forward models that incorporate both anatomical and physiological information, along with variations
in optical properties across different regions, adds another layer of complexity to the reconstruction
process. While this makes the reconstruction more computationally demanding, it results in images
that are not only more accurate but also more faithful to the actual anatomical structure of the tissues
being examined. This integration of additional data into the reconstruction process promises to further
improve the utility and precision of DOT as a diagnostic tool.

Researchers are increasingly focusing on developing novel strategies, such as incorporating
machine learning techniques, to improve both the efficiency and precision of DOT image reconstruction.
Approaches like convolutional neural networks (CNNs) and other deep learning models are being
explored to automatically learn complex relationships between the measured data and the underlying
optical properties of tissues, eliminating the need for traditional, explicit mathematical models. This
shift towards machine learning offers the potential to enhance the capability of DOT by allowing it to
process and interpret data more effectively.

The process of DOT image reconstruction continues to evolve, with ongoing efforts to refine the
algorithms and techniques involved. These refinements are essential to fully unlock the capabilities
of DOT as a non-invasive imaging tool in the biomedical field. As research in DOT advances, the
integration of cutting-edge computational methods with experimental innovations will play a crucial
role in overcoming current challenges. This combined progress is expected to significantly enhance the
clinical application of diffuse optical tomography, expanding its usefulness in medical imaging and
ultimately improving patient care.

4. Breast Cancer Detection using NIRS
Diffuse optical tomography (DOT) is a non-invasive optical imaging technique that is particularly

useful for examining soft tissues, such as breast tissue. By utilizing near-infrared (NIR) light, DOT
allows for both the visualization of internal anatomical structures and the assessment of functional
properties of tissues. The core principle behind DOT involves measuring the transmission or reflection
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of NIR light as it interacts with tissues. This process provides detailed information about the optical
characteristics of the tissues, helping to map their internal properties.

A key feature of DOT is its model-based image reconstruction approach, which enables the
calculation of important tissue components such as hemoglobin, water, and lipids. This method relies
on the use of multiple light sources and detectors, making multiplexing techniques crucial for ensuring
the rapid switching between light sources and detectors. These techniques are also vital for performing
system calibration, helping to correct any potential inaccuracies in measurements and ensuring the
reliability of the results.

The complexity of DOT instrumentation, with its array of components working in concert,
highlights the advanced nature of the technology. It requires precise calibration and meticulous
attention to detail to extract accurate, meaningful information from the optical imaging of breast
tissues. Some advanced DOT systems utilize circular probes to conduct continuous spectroscopic
imaging, allowing for real-time analysis of tissue properties, as demonstrated in previous studies. This
ongoing refinement of DOT technology continues to enhance its diagnostic capabilities in medical
imaging.

5. Challenges and Future Scope
The use of diffuse optical tomography (DOT) in medical imaging presents a significant challenge

when it comes to estimating the internal optical properties of tissue based on measurements that are
only obtained from the tissue’s outer boundary. This difficulty arises primarily due to the highly
scattered nature of near-infrared (NIR) light as it travels through biological tissues. The scattering of
light complicates the estimation process, making it what is known as an inverse problem—nonlinear,
ill-posed, and sometimes underdetermined, meaning that there is insufficient data to solve the problem
directly [42].

Despite these challenges, various algorithms have been developed to allow for the rapid recon-
struction of three-dimensional DOT images [45,46]. More recently, considerable efforts have been
made to improve the speed of this image reconstruction process by leveraging the power of Graphics
Processing Units (GPUs), which are capable of handling large amounts of data in parallel [47,48]. With
the aid of GPUs, real-time imaging capabilities for DOT have been successfully demonstrated [49].
Furthermore, innovations such as specialized instruments designed for high-speed imaging of specific
tissue regions have been proposed, further advancing the potential of DOT for medical applications
[50,51]. These ongoing developments continue to enhance the effectiveness and practicality of DOT as
a diagnostic tool in clinical settings.

Despite the considerable size of DOT instruments and the slow data collection process, ongoing
research work aims to lower instrument costs by incorporating Light-Emitting Diodes (LEDs) and
photodetectors [52–54]. Furthermore, DOT is being explored as a point-of-care imaging system
[55], with educational applications to teach students about optical medical imaging systems [56,57].
Addressing challenges during data collection, a practical method has been proposed, involving the
measurement and subtraction of superficial noise from the signal of interest, proving effective in
enhancing data accuracy [58]. Notably, current research in this field is rapidly expanding, revealing
the potential of NIR light in medical imaging for early-stage breast cancer detection and brain function
imaging.

Despite the relatively large size of diffuse optical tomography (DOT) instruments and the time-
consuming nature of data collection, there is ongoing research focused on reducing the cost of these
instruments [59]. One strategy involves incorporating more affordable components, such as Light-
Emitting Diodes (LEDs) and photodetectors, to replace more expensive alternatives, which could make
DOT technology more accessible and cost-effective [52–54]. Additionally, DOT is being explored for use
in point-of-care settings, allowing for more immediate and accessible imaging in medical environments
[55]. Beyond clinical applications, DOT is also being investigated for educational purposes, offering
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a valuable tool for teaching students about optical medical imaging systems and the underlying
technologies [56].

In addressing challenges encountered during the data collection process, a practical solution has
been proposed to improve the accuracy of the collected data. This method involves measuring and
then subtracting the superficial noise from the signal of interest, which has proven to be an effective
way of enhancing data quality and reducing interference [58]. As research in DOT continues to grow
at a rapid pace, it is becoming increasingly clear that near-infrared (NIR) light holds great potential in
medical imaging, particularly in the early detection of breast cancer and in imaging brain function.
These advancements continue to expand the applicability and effectiveness of DOT in both clinical
and research settings.

6. Discussion and Conclusion
In summary, the evolving field of Near-Infrared Spectroscopy (NIRS) for medical imaging, par-

ticularly in applications related to brain and breast health, demonstrates a complex and dynamic
combination of progress, challenges, and future possibilities. The continued integration of NIRS with
other complementary imaging techniques, such as functional magnetic resonance imaging (fMRI) and
electroencephalography (EEG) [60], serves to enhance the depth, precision, and comprehensiveness of
the information gathered from the body. However, challenges persist, particularly in achieving higher
spatial resolution and addressing the influence of extracerebral tissues, which highlights the ongoing
need for refinement in both the technology and methodology. Promising developments in signal
processing techniques, as well as the fusion of multiple imaging modalities, are providing potential
solutions.

In the realm of breast imaging, NIRS has emerged as a promising non-invasive technique for
the early detection of breast cancer. Recent progress in spectral tomography and its integration
with traditional imaging techniques, such as mammography, are driving advancements in the field.
However, there are still significant hurdles to overcome, such as improving spatial resolution and
addressing the heterogeneity of tissues, which require innovative approaches, such as the use of multi-
wavelength and frequency-domain NIRS. As the technology continues to evolve, ongoing clinical trials
are essential to validate the effectiveness of NIRS as a reliable diagnostic tool in breast cancer detection,
helping to establish its role in clinical practice.

The paper concludes by discussing the potential future developments of Near-Infrared Spec-
troscopy (NIRS) in the field of medical imaging. In the context of brain imaging, the incorporation of
sophisticated signal processing methods, particularly machine learning algorithms, offers significant
promise in enhancing spatial localization and improving the ability to decode cognitive states. For
breast imaging, the use of molecular-specific contrast agents, coupled with advancements in hardware
technology, is expected to help overcome current limitations, enabling more accurate detection of
tumors at earlier stages. As NIRS technology progresses, its capacity to address technical challenges,
alongside its ability to integrate seamlessly with other imaging modalities, positions it as a valuable
tool for routine clinical use in both brain and breast imaging. This paper contributes to the ongoing
dialogue within the medical imaging community by offering a comprehensive technical overview of
the current state of NIRS, the challenges it faces, and the exciting possibilities for its future application
in the ever-evolving landscape of medical imaging.
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