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Abstract

Cancer is still one of the leading causes of morbidity and mortality throughout the world, and its incidence grows every year due to the
expansion of ageing populations and changing environments. This makes diagnosis and management paramonnt in preventing or else
minimizing its effects, while the combination of radiology, radiological protection, and medical physics in oncology care has greatly
adpanced. These fields have enbanced the early diagnosis, accurate staging, management and therapy control hence improving the
prognosis of patients. To explore and analyze the interconnected roles of radiology, radiological protection, and medical physics in the
diagnosis and management of cancer. We conducted a comprehensive search in the MEDIINE database's electronic literature using
the following search terms: Role, Radiology, Radiological Protection, Medical Physics, Diagnosis, Management, and Cancer. The search
was restricted to publications from 2016 to 2024 in order to locate relevant content. We performed a search on Google Scholar to locate
and examine academic papers that pertain to my subject matter. The selection of articles was impacted by certain criteria for inclusion. The
publications analyzed in this study encompassed from 2016 to 2024. The study was structured into various sections with specific
beadings in the discussion section.Radiology, radiological protection and medical physics are disciplines that constitute essential
contributions for the diagnosis and treatment of cancer, providing new opportunities to face challenges. Radiology is the picture-making
establishment while radiological protection is the guarantee for radiation safety, and medical physics is the intermediary between
technology and medicine. Altogether, they facilitate well-controlled accurate cancer interventions and reempbasize the significance of
integrated melanoma treatment constituting rigorous development. These disciplines will undoubtedly propel the advances as oncology
develops so that incident detection and treatment is optimized and patient survivability is enhanced.
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Introduction

Imaging techniques used in diagnosis of cancer include; radiography, computed tomography, magnetic
resonance imaging, positron emission tomography and ultrasound among others (Hussain et al., 2022).
These technologies allow the clinician to have nearly real-time intraoperative imaging of the internal
anatomy of the body, thus improving the ability to locate tumors and their pathological features. For
example, mammography is now a standard technique of breast cancer screening, and the low-dose CT
screening, which is crucial in identifying lung cancer among high-risk individuals, is an excellent example.
Diffusion weighted MRI and PET form functional imaging that assists in the differentiation between benign
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and malignant tumours on the basis of metabolic and physiological functions. This precision is useful in
direction of biopsies, design of surgeries, and the choice of therapeutic procedures (Lother et al., 2023).

It is recognized that radiological protection is an important goal target to realize the safe application of
ionizing radiation in medical examinations and treatment. Although radiological procedures are essential in
the diagnosis and management of cancer they bear the risks associated with radiation exposure to both the
patient and the health worker. Radiological protection seeks to reduce these risks by implementing the
principles of justification and optimization and through the best imaging strategies and dose-saving
measures the ICRP has recommended in its guidelines. Risk variables, including dose modulation in CT,
improved shielding measures, and the non-ionizing techniques—MRI—have further improved safety
without a compromise to diagnostic outcomes. Also, the protection of radiation is paramount in radiation
therapy to ensure the tumor is exposed to laser beams of high energy in comparison to the adjacent healthy
tissues (Al Khudaiti et al., 2023).

Medical physics helps to transfer technology from the technology shelf to the clinic in cancer treatment.
Medical physicists also have an important function in ensuring the design, measurement and testing of
numerous imaging and treatment devices (Sergi, 2019). Their professional competence in this area
guarantees the right measure of radiation in treatment and planning in radiation therapy, an essential
foundation of cancer management. This means that medical processes involving treatments like Intensity
Modulated Radiation Therapy (IMRT), Stereotactic Body Radiotherapy (SBRT) and Protons are very much
associated with precise dosimetry and imaging. Furthermore, medical physicists are involved in quality
assurance, aimed at maintaining high quality of images produced by imaging systems, as well as at
maintaining safety of therapeutic devices (Diwanji et al., 2017).

It has also reinforced growth of a personalized therapy through cooperative work of radiology, radiological
protection, and medical physics. New strategies like radiomics and artificial intelligence (AI) has been
described which attempts to obtain quantitative information from images and create a model of treatment
response. These innovations underpin personalized care and treatment plans that increase efficacy and
enhance the quality of life in chronic diseases with high mortality rates and horrendous side effects, and
inpatients with associated complications (Giammarile et al., 2024).

This engagement of elements of radiology, radiological protection and medical physics is a critical element
in the management of cancer as we see in the present day practice. Overall these disciplining improve
diagnostic acumen, therapeutic effectiveness and patient protection leading to improved clinical
effectiveness. With the advancement of technology, more opportunities are expected of both in enhancing
technologies that would revolutionize the practice of oncology and enhance patients with cancer lives
globally.

Aim of Work

The objective of this present review is to identify and discuss the relationship between radiology,
radiological protection, and medical physics in cancer diagnosis and treatment. It aims at showcasing their
personal, as well as cumulative, impact on today’s oncology, viewing technological progresses in imaging
and therapy, fundamental concepts of radio-protection, and the centrality of Medical Physics to the welfare
of cancer patients. Furthermore, the review seeks to discuss the problems encountered by these disciplines
and highlight the trends that hold a promise for making cancer care more accurate, safer and more accessible
in the future.

Methods

A thorough search was carried out on well-known scientific platforms like Google Scholar and Pubmed,
utilizing targeted keywords such as Role, Radiology, Radiological Protection, Medical Physics, Diagnosis,
Management, and Cancer. The goal was to collect all pertinent research papers. Articles were chosen
according to certain criteria. Upon conducting a comprehensive analysis of the abstracts and notable titles
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of each publication, we eliminated case reports, duplicate articles, and publications without full information.
The reviews included in this research were published from 2016 to 2024.

Results

The current investigation concentrated on the interconnected roles of radiology, radiological protection,
and medical physics in the diagnosis and management of cancer between 2016 and 2024. As a result, the
review was published under many headlines in the discussion area, including: Radiology in Cancer Diagnosis
and Staging, Radiological Protection: Ensuring Safety in Imaging and Therapy, Medical Physics: Bridging
Science and Clinical Practice, Integration of Radiology, Radiological Protection, and Medical Physics in
Oncology, Challenges and Future Directions.

Discussion

Cancer is still one of the leading global health concerns to date therefore many more solutions need to be
established to diagnose and treat the diseases (Mao et al., 2022). Among these stakeholders are radiology,
radiological protection, and medical physics that are some of the most essential components of
contemporary cancer treatment. Radiology allows visualization for an early diagnosis, to determine a stage,
and to assess treatment outcomes without invasive procedures, radiological protection helps to moderate
some negative impacts of ionizing radiation used in diagnostic and therapeutic procedures. Medical physics
as a subdivision that connects physics and medicine focuses on the optimization of imaging and or
therapeutic procedures to increase accuracy and exclude risks (Beyer et al., 2021). This review analyses the
holistic aspect of the identified disciplines in the cancer diagnosis and management regimes to acknowledge
their achievements, discovetries and difficulties.

Radiology in Cancer Diagnosis and Staging

Radiology has a significant use in oncology because it provides detailed imaging of closed structures that
include eatly detection and staging of cancer (Bi et al., 2019). X-ray and ultrasound, CT scan, MRI and PET
scan are some of the key diagnostic tools used when assessing the size location extent of the cancer. CT
scans, for instance, give the clinicians sectional images of the area of interest making them evaluate the level
of disease involvement in organs and lymph nodes. MRI provides superior contrast of soft tissues and is
beneficial in brain, spinal cord and some tumor involving musculoskeletal system The PET scans often
done along with CT to illustrate metabolism and helps in differentiating between the malignant and benign
tumors (Das & Crane, 20106).

According to Najjar (2024), mpMRI remaining a critical diagnostic tool in the management of prostate
cancer, together with the use of dynamic contrast-enhanced imaging for breast cancer, is evidence that
portrays the growth of radiology. The is the key factor because the mobile device-based techniques do not
only enhance the diagnostic capability but also facilitates the process of creating a more suitable treatment
plan. For instance, radiological imaging aids biopsy procedure, outlines the radiation treatment plans and
evaluates the impact of systemic therapies such as chemo-therapy and immunotherapy. Still, there are some
difficulties: the variability of interpreters’ vision and the probability of false positives; radiology remains to
be improved technologically and professionally (Biondetti et al., 2021).

Radiological Protection: Ensuring Safety in Imaging and Therapy

Because ionizing radiation is employed for diagnosing cancer, as well as treating the disease, extreme
radiological protection measures are required to prevent harm to patients and medical personnel. lonizing
radiation useful in CT scanning as well as in certain treatments for malignancy has risks like carcinogenesis.
Radiological protection which include principles of justification, optimization as well as dose limit secks to
reduce these risks while protecting the diagnostic and healing power of the frequencies (Chalkia et al., 2022).

Justification makes certain that any use of radiation is warranted by the need to cure or want to diagnose
an illness, balanced against the benefits to be derived from doing so. Optimization can be defined as the

12737


https://ecohumanism.co.uk/joe/ecohumanism
https://doi.org/10.62754/joe.v3i8.6045

Journal of Ecohumanism

2024

Volume: 3, No: 8, pp. 12735 — 12740

ISSN: 2752-6798 (Print) | ISSN 2752-6801 (Online)
https://ecohumanism.co.uk/joe/ecohumanism
DOI: https://doi.org/10.62754/joe.v3i8.6045

fine tuning of the numerous exposure parameters in order to achieve the intended diagnostic or therapeutic
outcome employing as low a radiation dose as possible; recent achievements in this realm include low dose
spiral CT and image guided therapeutic radiation treatment. Dose restriction serves to shield healthcare
providers and other healthy tissues in patients while receiving end-of-practice optimization through
supervisory and other safety benchmarks (Wilson & Newhauser, 2020).

Novel tools and workflows, including applicability of Al in imaging, advance radiological safety features by
automatically observing dose levels and improving image quality with less radiation exposure. In addition,
new techniques being used to treat patients such as proton and heavy-ion therapy that give high information
doses to a tumor while limiting the dose to the surrounding healthy organ are in full compliance with
radiological protection in treatment specialties. Still, there are problems: A, the inverse relationship between
image quality and dose; B, the issue of the total radiation dose in cases of repeated imaging or therapies

(Dudhe et al., 2024).
Medical Physics: Bridging Science and Clinical Practice

Medical physics is a core discipline that connects fundamental concepts of physics and technologies with
the practice of clinical medicine and burgeoning advances in diagnosing and treating cancer. In imaging,
medical physicists manage to enhance the performance of equipment, so that the images produced are of
good quality and can be used to diagnose patients propetly. They also design and monitor effective quality
assurance programs thus ensuring the stability & safety of imaging systems. For example,progress in MRI
and its applications, functional MRI (fMRI), and Diffusion tensor imaging (DTI) benefited from medical
physics (Achilov et al., 2024).

In radiotherapy, medical physicists create and checker treatment regimens that place a requested dose at
the tumor while minimizing effects on healthy tissue. Stakeholders have benefited from medical physics
through methods such as in intensity-modulated radiation therapy (IMRT) and volumetric modulated arc
therapy (VMAT). Furthermore, medical physicists help in defining new treatment approaches that include
SRS and brachytherapy for different types of cancer (Gardner et al., 2019).

In addition to equipment and techniques, medical physics leads to the approach of treatment monitoring
and treatment modification. Such variants of radiotherapy as cone beam CT (CBCT) and magnetic
resonance guided radiotherapy (MRgRT) allow imaging the tumor at the stage of irradiation and make
changes in the position of the patient’s head and neck immediately because of anatomical changes .
However, there remain various limitations; there is a dearth of trained practitioners, implementations are
limited in LMICs, especially in LMICs due to resource constraints, and applications of new technologies in
clinical practice are challenging (Samei et al., 2018).

Integration of Radiology, Radiological Protection, and Medical Physics in Oncology

Because of the strong connection between radiology, radiological protection, and medical physics, all three
are vital to cancer treatment. For example, radiology delivers the imaging information on which diagnosis
and treatment planning are based, radiological protection guarantees the correct utilization of radiation
when diagnosis and therapy are being made. Medical physics, therefore, offers a link between technical and
clinical aspects of imaging and radiotherapeutic and other forms of interventions. An example of integration
of Al in the therapy process can be observed in Image-Guided Radiation Therapy (IGRT) where in real
time imaging guarantees the correct targeting of the tumor so that the damage on the surrounding tissue is
minimal (Widmer & Thrall, 2024).

The aspect of collaboration goes beyond the medical and technician promoted in the specialty that involves
the oncologist, radiologist, physicist and radiographer. Such cooperation makes for an integrated approach
to treatment that guarantees that technological solutions give results. However, Gold standards of

integration entail consistent communication, cross training and the use of research based practices Halkett
etal. (2017).
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Challenges and Future Directions

However, there are certain unsolved problems for improving the radiological diagnosis, radiological
protection and the physical aspects used in oncological diseases. Spatial inequalities concerning resource
distribution between the developed countries and developing nations hinder the use advanced imaging and
therapy hence the need for efficient healthcare solutions. Further, the advancement in technologies and

incorporation of complicated gadgets render the health care providers to undertake or update their
knowledge and proficiencies always (MATTSSON, 2024).

The future trends, including artificial intelligence and machine learning in imaging and therapy, indicate
directions in handling of these difficulties. This means that algorithms in that field of Al can improve
interpretation of images in diagnosis, ensure auto-planning of treatment, as well as prognosis thus
improving efficiency and reducing the chances of human mistakes. In addition, molecular imaging,
including radiopharmaceuticals for identification of cancer biomarkers, may significantly improve the field
of molecular medicine (Li et al., 2024).

Some of the areas also include sustainability and environmental impact with the push to minimize the
Carbon footprint of imaging and radiotherapy. These challenges and its solutions would therefore be
determined by collaborative research, adaption of international guidelines and about technological
advancement in the cancer care field in the future research (Bwanga et al., 2024.

Conclusion

Positions of radiology, radiological protection, and medical physics in the diagnosis and treatment of cancer
remain as the basis of the contemporary oncology. Radiology is used as a diagnostic tool in cancer that
provides quick and harmless imaging of Cancer without invasive procedures. Specifically, only CT, MRI,
and PET scans ate seen to have transformed cancer care, providing information on the behavior of tumors,
their reaction to therapy, and relapse patterns. Radiological protection involves the prevention of exposure
to ionizing radiation while reducing risks of harm to the patients and other health care providers through
principles of justification, optimization and dose limitation. This guarantees that as imaging and therapeutic
intercessions use the constructive outcomes of radiation, any unfavourable result is checked.

Medical physics is a scientific discipline which underpins the optimization of accuracy and safety of cancer
treatment. Given the fact that such functions include optimization of imaging systems, calibration of
therapeutic equipment, as well as developing an intricate treatment plan, medical physicists act as
intermediaries between technology and healthcare. Concerning advancements in equipment and
technology, their IMRT, IGRT, and MR-guided radiotherapy capabilities make it possible to irradiate the
tumors accurately while sparing crucial organs. Additionally,; diseases like Al, molecular imaging, and
proton therapy account for the dynamism that the specialties bear concerning the improvement of patient
tailored cancer treatment.

Nevertheless, modern approaches in the field are not without their problems. Lack of access to the newest
technologies, scarcity of resources especially in the developing countries, complexity of cancer care all
makes the necessity to develop international partnerships, integrated education, and constant development.
These factors, together with the need to accept sustainable practices, shall be the other areas that shall
require to be addressed in order to trigger the best exploitation of these fields.

In conclusion, radiology, radiological protection and medical physics are powerful if successfully integrated
and synchronized to enhance patient care. They have reshaped cancer treatment and will further develop
the concept of personalized medicine making treatment safer, more efficient, and more open to all in the
future.
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