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Abstract: With the rapid advancement of medical technology, radiation medicine has assumed an increasingly
important role in clinical diagnosis, treatment, and scientific research. Its core applications encompass radiation
sterilization, tumor therapy, and medical imaging technologies, providing critical support for disease diagnosis
and treatment. However, the potential hazards of ionizing radiation cannot be overlooked, making protection a
central aspect in ensuring the safety of healthcare professionals and patients. Currently, emerging technologies
such as artificial intelligence-assisted diagnosis, robot-assisted surgery, and the application of new protective

materials are driving radiation medicine toward safer and more precise directions.

Keywords: Radiation medicine; application; protection; collaborative development

Introduction

n the grand history of medical progress, radiation

medicine shines like a brilliant star. Since

Rontgen's discovery of X-rays, radiation medicine
has been widely applied in disease diagnosis, treatment,
and scientific research due to its unique advantages,
becoming an indispensable component of modern
medicine. It has not only significantly enhanced the
accuracy of disease diagnosis but also opened new
pathways for tumor treatment. Yet, the potential risks
of ionizing radiation follow closely. Therefore, an in-
depth exploration of the application and protective
developments in radiation medicine is of great
significance for ensuring medical safety and advancing

medical science.

1. Main Application Areas of Radiation
Medicine

1.1 Medical Diagnosis and Treatment

(1) In imaging diagnostics, X-rays enable rapid
acquisition of images of bones, the chest, and other
areas, assisting in preliminary diagnosis of fractures,
pneumonia, etc. Computed Tomography (CT) provides
clear visualization of fine internal structures through
multi-layered sequential scanning, aiding in the
precise localization of tumors and vascular diseases.
Magnetic Resonance Imaging (MRI) utilizes magnetic
fields and radiofrequency pulses to generate images
of soft tissues, demonstrating significant advantages
in diagnosing diseases of the brain, spinal cord, and
joints. Positron Emission Tomography-Computed

e Author(s . Open Access This article is licensed under a Creative Commons Attribution 4.0 International License
@ ® © The Auth 2025.0 A This article is li d und Creative C Attribution 4.0 Int tional Li
&

(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, sharing, adaptation, distribution and

reproduction in any medium or format, for any purpose, even commercially, as long as you give appropriate credit to the original author(s)

and the source, provide a link to the Creative Commons license, and indicate if changes were made.

© The Author(s) 2025.

www.omniscient.sg



11 of 34

Vol 2 Issue 6 2025

Tomography (PET-CT), by integrating functional
metabolic and anatomical imaging, facilitates early
tumor detection and the evaluation of cardiac and brain
functions.

(2) Among radiation therapy techniques, external
beam radiation therapy utilizes equipment such as
linear accelerators to deliver precise radiation doses
to tumors from outside the body, aiming to maximally
eradicate cancer cells. Internal radiation therapy
(brachytherapy) involves implanting or injecting
radioactive isotopes into the body to act on diseased
tissue at close range. Targeted radionuclide therapy
delivers radioactive drugs specifically to particular
molecular targets on tumors, thereby reducing damage
to healthy tissues.

(3) Nuclear medicine, by introducing radioactive
tracers, allows for the dynamic observation of
physiological and metabolic processes within the
body. It holds unique advantages in diagnosing thyroid
disorders, tumor staging, and cardiovascular diseases.
Therapeutically, it employs the radiation effects of
radioactive isotopes to treat conditions such as thyroid

cancer and bone metastases "',

1.2 Industrial and Scientific Research Applications
(1) Non-destructive testing. By utilizing the penetrating
properties of radiation, internal defects in materials—
such as cracks in metal components and weld quality—
can be detected, ensuring product safety in fields
such as aerospace and mechanical manufacturing.
Security inspection equipment, such as X-ray scanners,
can rapidly examine luggage and cargo to identify
hazardous items and are widely used in airports,
railway stations, and other public venues.

(2) Radiation breeding and food preservation.
Radiation breeding induces genetic mutations in plants
through irradiation to screen for superior varieties,
thereby improving crop yield and stress resistance.
Food preservation employs low-dose radiation to
eliminate microorganisms and inhibit sprouting,
extending shelf life without affecting nutritional value
or flavor.

(3) Nuclear energy development and environmental
protection. In nuclear energy development, radiological
techniques are used to monitor environmental radiation
levels around nuclear reactors and the radiation doses
received by personnel, ensuring the safe utilization
of nuclear energy. In environmental protection

monitoring, radionuclide tracer techniques are applied
to track pollutant migration pathways and diffusion
ranges, providing scientific evidence for environmental
management and remediation.

1.3 Expansion into Other Fields
(1) Public health emergencies. In the event of radiation
accidents, radiological medicine teams can rapidly
conduct on-site radiation monitoring, estimate radiation
doses received by exposed individuals, and provide
medical treatment to mitigate radiation hazards. In
the field of infectious disease disinfection, radiation
technology can be used to disinfect medical waste and
clothing of infectious patients, cutting off transmission
routes and supporting epidemic prevention and control.
(2) Aerospace medicine. Outer space contains various
types of high-energy radiation that pose threats to both
astronaut health and spacecraft equipment. Research
in radiological medicine can assess the effects of
cosmic radiation on the human body, develop effective
radiation protective equipment and pharmaceuticals,
and formulate radiation protection protocols for
astronauts, thereby ensuring the safe implementation of
manned space missions.

2. Theoretical and Technological Advances
in Radiation Medicine Protection

2.1 Fundamental Principles of Radiation Protection
(1) The "Three Principles" of Radiation Protection
serve as the foundational guarantee. The Time Principle
involves minimizing the duration of personnel exposure
to radiation environments, as radiation damage is
positively correlated with exposure time. For instance,
medical staff can optimize operational procedures
to shorten single-session radiation contact time. The
Distance Principle entails maximizing the distance
from the radiation source, as radiation intensity
attenuates with the square of the distance. An example
is using long-handled tools during operations to avoid
close contact with the radiation source. The Shielding
Principle involves placing barriers to block radiation,
commonly using high-density materials like lead or
concrete. For example, walls in radiology examination
rooms are often constructed with lead shielding to
reduce the risk of radiation leakage.

(2) The ALARA Principle (As Low As Reasonably
Achievable) is the core guiding tenet of radiation
protection. This principle requires that radiation doses
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be kept as low as reasonably achievable, taking into
account economic and social factors. For instance,
medical institutions optimize the parameters of
radiological equipment to reduce radiation output while
meeting diagnostic needs. Even when doses already
comply with standards, continuous efforts must be
made to identify feasible solutions for further dose

reduction .

2.2 Development of Protection Technologies

(1) Continuous upgrading of personal protective
equipment. Traditional lead aprons are heavy and
offer low comfort. Modern lead aprons now utilize
lightweight lead alloy materials combined with
breathable fabrics, ensuring protective effectiveness
(e.g., 0.5mm lead equivalent) while reducing the
physical burden on healthcare workers. Protective
screens integrate transparent materials with shielding
layers, effectively blocking scattered radiation without
obstructing the operational field of view.

(2) Continuous upgrading of personal protective
equipment. New personal dosimeters can collect data
in real-time and synchronize it wirelessly to a terminal,
facilitating real-time monitoring of personnel exposure
doses. Environmental radiation monitors can accurately
identify radiation types (e.g., y rays, X-rays), with error
rates reduced to below 1%. They are also capable of
automatic alarms, promptly alerting to risks of radiation
exceedance ™.

(3) More environmentally friendly and efficient
radioactive waste treatment technologies. For liquid
waste, technologies such as ion exchange resin
adsorption are used to remove radioactive substances
before compliant discharge. Solid waste is treated
through volume reduction by compression and
solidification/stabilization to minimize environmental
pollution. Some technologies even enable the recycling
and reuse of radioactive materials.

2.3 Regulatory and Standards Framework

(1) Authoritative protection guidelines established
by international organizations. The International
Commission on Radiological Protection (ICRP)
regularly updates recommendations on radiation
protection, clarifying dose limits for different
populations. The International Atomic Energy Agency
(IAEA) publishes the Basic Safety Standards for

Radiation Protection and Safety of Radiation Sources,

providing a unified framework for national legislation
and promoting global harmonization of radiation
protection standards.

(2) Improvement of national laws, regulations,
and industry standards. In China, regulations such
as the Regulations on Safety and Protection of
Radioisotopes and Radiation-Emitting Devices have
been promulgated, specifying requirements for the use
and management of radiation sources. The healthcare
industry has developed standards like the Radiological
Protection Requirements for Medical X-Ray Diagnosis,
standardizing radiological operational procedures in
medical institutions to ensure the safety of healthcare
workers and patients.

3. Analysis of the Collaborative Development
of Radiation Medicine Application and
Protection

3.1 Technological Advancements Drive Protection
Optimization

(1) The development of low-dose radiation technology
is a typical manifestation of the synergy between
application and protection. Low-dose CT serves as
a prime example. Traditional CT requires relatively
high radiation doses to obtain clear images, and its
long-term use can increase health risks for examinees.
With technological breakthroughs, research teams
have reduced radiation doses by 70%-80% while
maintaining image resolution sufficient for diagnostic
needs by optimizing detector sensitivity and improving
image reconstruction algorithms, such as iterative
reconstruction technology. This technology has not only
expanded the application scope of CT in fields such as
lung cancer screening (e.g., for regular examinations of
high-risk populations), but has also reduced radiation
exposure at the source. It achieves the dual goals of
diagnostic accuracy and protective safety, and has
become a benchmark example of technology-driven
optimization of radiation protection in the field of
radiological medicine /.

(2) The integration of AI further enhances the
precision of radiation dose control, promoting an
intelligent upgrade of protection. In medical imaging
operations, Al systems can automatically adjust
radiation parameters (such as tube voltage and
current) by analyzing individualized data like the
patient's body type and the examination site. This
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avoids the unnecessary radiation exposure resulting
from "one-size-fits-all" dose settings. For instance,
in chest X-ray examinations, Al can recognize
physiological differences between children and adults,
matching children with lower, safe radiation doses.
Simultaneously, AI can monitor the radiation output
process in real-time; if abnormal dose fluctuations
occur, it immediately triggers an alert and adjusts the
equipment, ensuring radiation doses always remain
within a safe range. This makes protection more
targeted and reliable.

3.2 Protection Needs Drive Application Innovation
(1) Protection requirements in specific scenarios
have prompted innovations in the design of radiation
medicine equipment and operational procedures.
Pediatric patients are more sensitive to radiation due
to their immature organ development, and traditional
protective measures, such as standard lead aprons,
are often ill-fitting for children's body sizes, resulting
in suboptimal protection. To address pediatric
protection needs, research and development teams
have introduced specialized pediatric protective
equipment, such as lead caps and skirts with adjustable
sizing, and designed low-dose, pediatric-specific
scanning protocols. In interventional procedures, where
medical staff are exposed to radiation environments
for extended periods, protection demands have driven
innovation in surgical equipment. New interventional
catheterization labs are now equipped with movable
lead protective screens and suspended lead shielding
pods. Furthermore, the development of remotely
operated interventional robots allows medical staff to
perform procedures from outside shielded lead rooms.
This ensures surgical precision while completely
eliminating radiation exposure for medical personnel,
advancing interventional radiology toward "contact-
free" and safer applications.

(2) Research on the safe application of new radiation
sources has continuously overcome technical barriers
driven by protection requirements. With the emergence
of new radiation therapy technologies such as proton
therapy and heavy-ion therapy, which involve higher
radiation energy and stronger penetration, traditional
protective solutions have proven inadequate. To enable
the safe application of these new radiation sources,
researchers have focused on two main approaches.
On one hand, they have developed high-density,

high-shielding-efficiency protective materials, such
as composite lead-boron polyethylene, to construct
shielding systems tailored to these advanced radiation
sources. On the other hand, they have optimized
radiation source output control technologies, utilizing
real-time dose monitoring and dynamic adjustments to
ensure radiation precisely targets tumor tissues while
minimizing damage to surrounding healthy tissues.
This model of "directing research and development
based on protection needs" not only promotes
the clinical application of new radiation therapy
technologies but also enhances the radiation protection
system, achieving deep synergy between application
and protection .

4. Future Development Trends and
Recommendations in Radiation Medicine

4.1 Technological Trends

(1) The development of intelligent protection systems
will become a core focus, with real-time dose
monitoring technology undergoing comprehensive
upgrades. Future systems may integrate multi-
dimensional sensors to continuously collect radiation
dose data from healthcare workers, patients, and
the environment. Al algorithms will analyze dose
variation trends and automatically trigger audiovisual
alerts when approaching safety thresholds, potentially
even linking to device adjustments for radiation
output parameters. For instance, during interventional
procedures, the system could dynamically track the
physician's operational path and simultaneously adjust
the position of local protective barriers, achieving "on-
demand protection" and significantly reducing radiation
exposure risks.

(2) The application of nanomaterials in protective
equipment holds broad prospects. Traditional lead-
based protective gear is heavy and prone to aging. In
contrast, nanomaterials (such as nano-lead powders and
nano-boride composite coatings) can reduce equipment
weight by 30%—-50% while maintaining equivalent
protective efficacy. These materials also offer greater
flexibility, enhancing wearer comfort. Additionally,
some nanomaterials possess self-healing capabilities,
automatically repairing minor damage and extending
the equipment's service life. In the future, they are
expected to largely replace traditional protective
materials.
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4.2 Policy Recommendations

(1) It is essential to improve the allocation of
protective resources under the hierarchical diagnosis
and treatment system and promote a balanced
distribution of protective facilities. For primary
healthcare institutions, specialized financial subsidies
can support the updating of protective equipment and
the renovation of shielding facilities. Establishing a
technical assistance mechanism for radiation protection
between higher-level and primary hospitals, with
regular expert guidance on standardized operations
for primary healthcare staff, is recommended. For
large hospitals, priority should be given to supporting
the research, development, and acquisition of high-
precision protective equipment to ensure that protection
levels align with diagnostic and treatment needs across
different tiers of medical institutions.

(2) Strengthening international cooperation and
data sharing is crucial. Promoting joint international
research and development projects on radiation
protection technologies and sharing key information,
such as data on the biological effects of low-dose
radiation and test results of new protective materials, is
advised. Furthermore, drawing lessons from advanced
international regulations and standards to optimize
national radiation protection policies based on local
conditions can help achieve synchronized global
improvements in radiation medicine protection.

4.3 Directions for Public Education
(1) There is a need to popularize radiation safety
knowledge through multiple channels to dispel public
misconceptions. Using easily understandable language,
public education efforts—through short science videos,
community lectures, and hospital brochures—can
explain the differences between medical radiation and
nuclear radiation, as well as the safe range of radiation
exposure in reasonable medical procedures. For
example, comparing "the radiation dose from one chest
CT scan to that from one or two airplane flights" can
help the public develop a rational understanding.

(2) Establishing a radiation risk management
mechanism involving both medical professionals
and patients is important. Hospitals can develop

standardized radiation risk notification templates,
using a combination of text and graphics to explain
the necessity of procedures and protective measures
to patients. Encouraging patients to ask questions
and ensuring timely responses from healthcare staff
can shift patients from "passive recipients" to "active
participants," jointly reducing radiation risks.

Conclusion

Through years of development, radiation medicine has
continuously expanded its applications, from precise
diagnosis to effective treatment, building a solid line of
defense for human health. Simultaneously, protection
technologies have consistently evolved to minimize
radiation hazards. Looking ahead, radiation medicine
will face more opportunities and challenges amid
rapid technological advancements. We must keep pace
with the times, continuously optimize application
technologies, and strengthen protective measures. By
doing so, radiation medicine can achieve safer and
more efficient development while safeguarding health,
contributing greater strength to medical science and
human well-being.
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