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Abstract---The present review articles are focused much on the
changes which have taken place in the imaging methodologies,
especially with regard to computed tomographic (CT) imaging in
relation to the early diagnosis of cancer. The background information
on modern medical imaging is provided in the article, starting with
naked eye inspection and its progressive changes into X rays,
fluoroscopy, CT scans and beyond. The article gives the basic working
principles and the uses of CT scan in great detail especially in finding
and following up different types of cancer. The advanced imaging
techniques such as high-resolution computed tomography (HRCT),
and micro computed tomography (LCT) have also been covered in the
paper where their use in studying bone structures and other
preclinical studies that involve high resolution imaging has been
highlighted. The role of these techniques in the early diagnosis and
management of various conditions including cancer, cardiovascular
disease, and disorders of the nervous system has been examined.
Nonetheless, the risks of CT scanning are also noted in this review;
particularly, the frequency of exposure to the CT scans of patients and
the effect that may have after a long period of time. The importance of
the nursing profession in patient education and administering care
and the impact of bioscience in imaging technology to enhance
research has been demonstrated. The closing remarks consider the
need for further research to improve imaging modalities and harness
the risks with a view to increasing the diagnostic yield.

Keywords---Computed Tomography, Medical Imaging, Cancer
Screening, High-Resolution CT, Micro-CT.

1. Introduction

Medical imaging entails the generation of visual representations of internal bodily
structures to facilitate clinical diagnosis, treatment, and medical research.
Imaging methods facilitate the detailed examination of organs, tissues, and
physiological functions, aiding medical professionals in the identification and
treatment of various conditions and abnormalities (1). Medical imaging has
developed into a crucial discipline within healthcare, playing a significant role in
biological imaging areas such as radiology. The techniques encompass endoscopy, X-
ray radiography, positron emission tomography (PET), computed tomography (CT),
magnetic resonance spectroscopy (MRS), magnetic resonance imaging (MRI), medical
photography, thermography, digital mammography, tactile imaging, medical optical
imaging, electrical source imaging (ESI), single-photon emission computed
tomography (SPECT), ultrasonic and electrical impedance tomography (EIT), and
magnetic source imaging (MSI) (2).
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These technologies are essential for diagnosing health conditions and directing
treatment, providing detailed insights that enhance healthcare providers'
understanding of patients' conditions (3). Tools such as magnetoencephalography
(MEG), electrocardiography (ECG), and electroencephalography (EEG) do not
generate conventional images; instead, they capture temporal data that can be
analyzed to provide essential health insights. By 2010, it was estimated that
approximately 5 billion medical imaging procedures had been performed
worldwide (4).

Medical imaging is primarily utilized in diagnosis, a process through which
healthcare providers identify diseases and symptoms. Due to the nonspecific
nature of many symptoms, including erythema (redness), accurate diagnosis
frequently necessitates the use of multiple tests and procedures (5).

Historically, diagnosis relied on physicians’ observations utilizing basic sensory
perceptions and, in certain instances, the examination of bodily fluids such as
urine and saliva, practices originating in Mesopotamia and ancient Egypt. In the
19th century, diagnostic methods improved markedly with the advent of tools
such as X-rays and microscopes, thereby augmenting physicians' capacity to
detect signs of illness. By the mid-19th century, instruments including the
ophthalmoscope, stethoscope, and laryngoscope offered enhanced methods for
patient examination. This period initiated the development of diagnostic
technologies, encompassing chemical, bacteriological, microscopic, and X-ray
tests (6).

The advent of X-ray technology, identified by Wilhelm Conrad Roentgen in 1895,
represented a significant milestone in the field of medical imaging. His significant
discovery led to the Nobel Prize in 1901, prompting radiologists to utilize X-rays,
or “plain films,” for the examination of bone fractures and chest conditions.
Fluoroscopy, an advanced X-ray technique developed subsequently, facilitated the
real-time visualization of patient abnormalities. In the 1920s, radiologists utilized
fluoroscopy for the diagnosis of conditions including esophageal cancer, ulcers,
and gastrointestinal disorders. This technology developed into computed
tomography (CT) scanning, which continues to be extensively utilized today (7).

CT scans, utilized for the detection of diverse medical conditions, were developed
following earlier X-ray-based methodologies. Mammography employs X-ray
technology to obtain high-resolution images of the breast, facilitating the
detection and monitoring of breast cancer. During the 1940s, initial X-ray
tomography techniques were established, focusing on particular tissues by
employing rotating X-ray beams around the region of interest. Tomography has
evolved into contemporary CT and computerized axial tomography (CAT) scanning
(8, 9).

2. Advanced Techniques in Medical Imaging

Contemporary medical imaging encompasses advanced techniques including CT,
PET, MRI, SPECT, digital mammography, and sonography. The advanced
methods outlined below provide specific benefits for the diagnosis, management,
and treatment of diseases such as cardiovascular disease, cancer, neurological
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conditions, and trauma. These technologies enable clinicians to make informed
decisions regarding disease management through the provision of clear images.

Computed Tomography (CT) refers to a diagnostic imaging technique that utilizes
X-rays to create detailed cross-sectional images of the body. This method
enhances the visualization of internal structures, aiding in the diagnosis and
management of various medical conditions (7).

The initial prototype of the CT scanner was developed by Godfrey Hounsfield in
1969. CT, or X-ray computed tomography, produces cross-sectional images and is
extensively utilized in radiology, biology, archaeology, and pharmaceuticals for
detailed examination of objects. In clinical environments, technicians utilize CT
scanners to generate images that aid in disease diagnosis and treatment
planning. This technology acquires X-rays from various angles, with computers
reconstructing the images to produce highly detailed, high-resolution visuals (10).
In the pharmaceutical industry, CT is utilized to enhance manufacturing
processes, thereby improving product quality (10).

CT serves as an effective modality for the detection and monitoring of cancers in
various organs, including the bladder, kidneys, skeleton, neck, and head, in
addition to identifying infections (11). It is crucial for identifying metastases in
organs such as the lungs, skeleton, liver, and brain. CT scans have greatly
influenced the diagnosis and monitoring of brain and lung conditions (12). These
methods are effective in monitoring changes in tumor size throughout treatment,
facilitating surgical planning by offering detailed imaging of tumors or enlarged
lymph nodes in instances of bronchus carcinoma. CT is frequently utilized to
evaluate cardiac conditions, such as myocardial disease, congenital heart disease,
and coronary artery bypass grafts. Gastroenterologists utilize CT scans to assess
the liver and pancreas, enabling the detection of tumors as small as 1.5 to 2.0 cm
in diameter, and to monitor biliary obstructions resulting from lesions (13). CT
imaging demonstrates a diagnostic accuracy of up to 95% for intra-abdominal
conditions, thereby aiding in treatment decision-making (7).

SSSS

Figure 1. Computed Tomography (7).
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3. High-Resolution Computed Tomography (HRCT)

High-resolution CT (HRCT) represents an advanced modality of CT imaging that
yields detailed images, particularly beneficial for the assessment of bone
structures, albeit often necessitating an increased radiation dose. High-resolution
computed tomography (HRCT) is commonly employed to examine intricate bone
structures, including the trabecular and cortical layers in the forearm, facilitating
the evaluation of bone quality and texture (14). Cross-sectional studies indicate
that CT imaging more effectively differentiates between fractured and non-
fractured trabecular bone structures, surpassing dual-energy X-ray
absorptiometry (DXA) in the assessment of bone mineral density (BMD) (15).

4. Micro-computed tomography (nCT)

Micro-CT provides spatial resolutions ranging from 1 to 100 pm, enabling high-
resolution imaging at the microscopic scale. This technique has broadened its
application in preclinical research, especially concerning small animals such as
rats and mice. Initial applications of micro-CT employed synchrotron radiation to
achieve ultra-high-resolution imaging (16). Modern micro-CT technology
frequently utilizes an X-ray tube-based method, making it accessible to university
research laboratories and specialized clinical centers.

Micro-CT systems are commonly integrated with finite element modeling (FEM)
software to produce three-dimensional images of bone, a practice prevalent in
engineering applications. Finite Element Method (FEM) facilitates the generation
of detailed three-dimensional reconstructions, enabling the distinction between
fractured and intact bone structures through the simulation of mechanical
properties informed by bone density (16). Arlot et al. conducted research on the
3D bone microstructure in postmenopausal women with osteoporosis, noting
structural improvements following 36 months of strontium ranelate therapy
(Figure 2) (17). Despite advancements in imaging technology for bone diseases,
challenges persist, including limitations in sample size, spatial resolution, cost,
radiation exposure, and the necessity for accurate, reproducible imaging
processes (14).



Figure 2. Three-dimensional micro-bone structures (8)

5. Potential Risks Associated with Computed Tomography

While computed tomography presents a relatively low risk, the cumulative
exposure from millions of scans may raise future public health issues,
particularly for pediatric populations. The risk of cancer from CT radiation is an
increasing concern; research indicates elevated rates of leukemia and brain
tumors linked to CT radiation exposure in children, who exhibit greater sensitivity
to radiation compared to adults (18). It is advisable to conduct extensive,
longitudinal studies to comprehensively assess these long-term risks. It is
recommended that radiologists, patients, and families engage in discussions
regarding the risks and benefits associated with high-radiation imaging
technologies, particularly in the context of young patients (19).

6. Consequences for Nursing and Biochemistry

For nursing professionals, comprehending advanced imaging techniques such as
HRCT, micro-CT, and PET is crucial for providing patient-centered care. Nurses
are essential in informing patients and families about the risks associated with
radiation exposure, especially among vulnerable groups such as children. They
provide guidance to patients regarding post-imaging care and assist in reducing
anxiety associated with complex procedures by clarifying expectations. As nurses
develop proficiency in these imaging modalities, they are better equipped to assist
patients during diagnostic and therapeutic procedures, thereby improving overall
patient safety and comfort (20).

Imaging technologies, including PET and NMR, provide biochemists with critical
insights into molecular and cellular processes within living organisms. The
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capacity of PET to monitor radioactive tracers facilitates the investigation of
biochemical pathways and disease progression, especially in oncology and
neurology. NMR offers accurate measurements of critical biomolecules such as
ATP in particular tissues, contributing to research on cellular energy metabolism
and brain function. Incorporating imaging data allows biochemists to improve
research accuracy, thereby advancing the understanding of complex physiological
and pathological processes (21).

7. Artificial Intelligence in Medical Imaging

Artificial intelligence (Al), especially via machine learning (ML) and deep learning
(DL), is revolutionizing medical imaging by offering solutions for applications such
as computer-aided diagnosis, lesion segmentation, image analysis, image-guided
treatment, annotation, and retrieval. Artificial intelligence improves processes
including image quality assessment, interpretation, biomarker analysis, and
reporting. The role is particularly significant in oncologic imaging, with lung
cancer being a prevalent and serious thoracic malignancy that serves as a
prominent application area. Artificial intelligence can aid radiologists in the
identification and classification of nodules in lung scans, distinguishing between
benign and malignant cases, thereby enhancing diagnostic accuracy and
potentially accelerating clinical workflow (22).

In medical imaging, machine learning models primarily concentrate on identifying
patterns in images, frequently employing engineered features derived from
algorithms defined by experts. Traditional Al models were designed with
predefined parameters to evaluate specific radiographic features, including the
three-dimensional shape of a tumor and its internal texture. Relevant features are
selected and utilized in statistical machine learning models to identify potential
imaging biomarkers, assisting in disease diagnosis and progression monitoring.
Conversely, deep learning methods, especially convolutional neural networks
(CNNs), independently acquire intricate patterns from extensive data sets,
facilitating enhanced problem-solving capabilities. Convolutional Neural Networks
(CNNSs) are increasingly favored in medical imaging because of their effectiveness
in addressing diverse objectives in image analysis (23).

8. Advanced imaging methodologies in the medical field

Medical imaging employs diverse noninvasive methods to visualize internal body
structures and functions, playing a crucial role in diagnosis, treatment planning,
and disease management. Advanced imaging modalities, including computed
tomography (CT), positron emission tomography (PET), magnetic resonance
imaging (MRI), single-photon emission computed tomography (SPECT),
ultrasound (US), and digital mammography, serve distinct functions in the
examination of anatomy and physiology (24).

CT offers high-resolution images that aid in the diagnosis of diseases impacting
organs such as the heart, abdomen, and bones. CT scans are extensively utilized
in cancer diagnosis to detect and assess abnormalities, facilitating more accurate
treatment planning. 3D ultrasound computed tomography (3D USCT)
demonstrates potential in the detection and examination of breast cancer through
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the provision of high-resolution images while minimizing unnecessary radiation
exposure. PET imaging provides a distinct advantage by visualizing biological
processes and alterations at cellular and subcellular levels, thereby proving
effective in monitoring cancerous growths and metabolic changes within the body
(25).

MRI is essential for evaluating neurological, musculoskeletal, and specific cancer
types because it visualizes soft and hard tissues without exposing patients to
ionizing radiation. The application of this method in the identification of brain
disorders, spinal cord injuries, and joint abnormalities has significantly
increased. Digital mammography, a rapid and computer-assisted method, is
widely employed for breast cancer screening and early detection, enhancing
patient outcomes via timely intervention (8).

9. Advantages and Disadvantages of Imaging Modalities

Every imaging modality presents distinct advantages and limitations. Ultrasound
is commonly employed to assess organs including the kidneys, heart, liver, and
blood vessels, and is considered a safer alternative for fetal imaging due to the
absence of radiation. CT offers detailed imaging of anatomical structures such as
the brain, abdomen, and spine; however, it entails exposure to ionizing radiation,
which raises long-term health concerns for specific patient populations. Both
SPECT and digital mammography utilize X-rays, which present a radiation risk;
however, technological advancements and enhanced protective guidelines have
been implemented to reduce exposure (26).

Recent advancements in medical imaging encompass hybrid systems like
PET/CT, SPECT/CT, and PET/MRI, which integrate various imaging modalities to
enhance diagnostic precision and deepen the comprehension of intricate diseases.
PET/CT and PET/MRI are instrumental in oncology for cancer staging, evaluating
treatment responses, and facilitating surgical planning through the provision of
anatomical and metabolic data. Simultaneous PET/MRI technology enhances
precise and comprehensive analysis by providing high-resolution images of both
soft tissue and functional processes in a single scan (27).

10.Prospective Developments in Medical Imaging and Artificial Intelligence

Advancements in medical imaging and artificial intelligence are anticipated to
persist in transforming diagnostic and therapeutic methodologies. The capacity of
Al to swiftly analyze extensive datasets may facilitate the early identification of
diseases that are typically difficult to diagnose in their initial stages, thereby
enhancing patient outcomes. Al algorithms can identify subtle patterns in medical
images that may elude human observation, facilitating earlier diagnosis and
tailored treatment strategies (28).

Future innovations may facilitate regular and accurate monitoring of chronic and
complex diseases. Al-supported imaging and advanced image-guided treatment
technologies are facilitating a transition in healthcare systems towards a more
proactive and data-driven approach. Automated tools that integrate patient
histories, imaging biomarkers, and genetic information may enhance personalized
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and targeted therapies. The integration of Al-driven diagnostic solutions with real-
time patient data has the potential to revolutionize healthcare, advancing it
towards predictive, preventive, and precision medicine (29, 30).

In summary, artificial intelligence in medical imaging is transforming diagnostic
capabilities through enhancements in efficiency, accuracy, and accessibility. The
evolution of technologies suggests that the integration of AI with advanced
imaging modalities will increasingly influence healthcare, facilitating early
diagnosis, personalized treatment plans, and enhanced patient care.

11.Conclusion

The incorporation of Al in forecasting disease outbreaks exemplifies a
collaborative approach that unites the knowledge of nurses, medical record
specialists, biochemists, and various healthcare professionals. The integration of
Al in the medical field enhances predictive capabilities, improves patient
outcomes, and facilitates effective management of public health crises. The
advancement of Al technologies will significantly impact healthcare, contributing
to the protection of global health. Healthcare organizations can enhance disease
outbreak prevention and management strategies by promoting interdisciplinary
collaboration and leveraging the transformative potential of Al, thereby
contributing to a healthier and more resilient global community.
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