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Abstract

Health security concerns the preparedness of nations to handle acute health emergencies.
Emergency events include pandemics such as Covid-19, natural disasters such as bushfires,
earthquakes and floods, biological threats, chemical threats, and radioactive threats. An
emergency event can cause increase of uncertainty, vulnerability and risk in national and
international community and the term health security can be applied to individuals,
communities and nations where the measures and modes to respond to health services are in
place. X-ray imaging generates images of the internal structures of an object from the
interaction of high energy electromagnetic waves with the material of the object: This is a
powerful tool in health security. For example, X-ray is adopted for the diagnosis in
emergency preparedness and for the deployment of rapid screening and detection of diseases
in emergency situations.

Health security defines the preparedness and improvement by nations against all kinds of
potential health threats (Rusconi et al., 2015). It applies to individuals, communities and
nations and reflects the ability to anticipate and respond to health emergencies. Emergencies
increase vulnerability and risk in national and international communities and health security
provides a mode to assist nations in hospital preparedness and further response. The concept

is becoming a fast growing concern worldwide in both economies and politics. The concepts
also guide social security, which is a worldwide social aim. A significant real-world example
of health security has been revealed by the 2019 Covid-19 pandemic (Meishi Melissa et al.,
2021). One of the areas identified to aid the ability of nations to provide health security is th

Volume 48 Issue 3 (August 2024)
https://powertechjournal.com



- . Power System Technology

Y 1SSN:1000-3673

Received: 16-06-2024 Revised: 05-07-2024 Accepted: 22-08-2024

development of reliable diagnostic technologies for the rapid and accurate detection of health
problems to complement their advance planning and mitigation strategies.

Emergency preparedness aims to control the spread of a health hazard under emergency
conditions where advance planning and modes of mitigation can be implemented to reduce
the impact. The core objectives of any emergency preparedness plan are to manage and
organize resources, to lessen damage and to accelerate recovery. emergency preparedness
may include the following activities: development and maintenance of an emergency
response plan; identification of personnel and equipment; mobilization of supplies and other
support systems; training; exercises and drills; identification of assessment and evaluation
methods; and communication of emergency information. health security can be
complemented and enhanced by reliable diagnostic technologies for rapid and accurate
detection of health hazards under emergency conditions where advance planning and modes
of mitigation can be implemented.

Imaging technologies support the examination of the inner objects under non-destructive
conditions and rely on the interaction between waves and matter. A variety of waves can be
used and the technologies extensively impact on the healthcare and other industries in terms
of operational safety, productivity, quality assurance and diagnostic capabilities. X-ray
imaging uses high energy electromagnetic waves. The total number of security personnel
required for the Games was 23,700. G4S was unable to deliver the requested numbers,
leading to the deployment of 10,700 troops and police officers working overtime on short
notice. The costs associated with last-minute recruitment and overtime might have been
partly avoided with tools enabling fast assessment for recruiting and training large numbers
of security personnel. Security x-ray image interpretation is a key skill for personnel working
at large-scale events, airports, courts, and other security checkpoints. It involves identifying
potential threats or illicit materials in bags or vehicles, requiring attention to detail and the
ability to distinguish harmful items. Developing interventions to improve screening
effectiveness is prioritized, including enhanced technology, better training, and assessment
tools to match individual potential with job requirements. The X-Ray Object Recognition
Test (ORT) was developed to simulate security x-ray screening tasks, highlighting challenges
such as unusual object views, superpositions, and complex clutter in images. Alongside
professional training, developing tools to assess an individual's predisposition to x-ray image
interpretation could significantly improve screening effectiveness. The CXR workflow in the
fever tent was accelerated by designated placements of lead shields, a portable Digital
Radiography (DR) machine, and a DR X-ray detector, resulting in minimal adjustments

during image acquisition and an uninterrupted workflow. This setup increased capacity,
allowing up to 109 patients, and improved efficiency by using a wireless portable DR
machine to retrieve worklists and send images seamlessly, reducing movement and infectio
risk. A portable workstation enabled wireless EMR access and pre-X-ray pregn
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declarations, saving time. Radiation safety was ensured through proper shielding, with
measurements showing no significant increase in exposure. This approach supported the
surge in COVID-19 cases and was comparable to accelerated care units elsewhere, though it
offered a more seamless experience for patients. COVID-19 chest radiograph findings are
often subtle, especially early or mild disease, with only 69% of admitted patients showing
abnormalities.

Keywords- X-ray, imaging, health, security, emergency, preparedness, diagnosis, screening.
1. Introduction to Health Security

Health security is defined as a state in which the population experiences freedom from health
threats (Aarne Grossman, 2020). Maintaining this condition requires a state of preparedness
in which the availability of preventive interventions and readiness to implement response
actions can minimize the negative health consequences of emergencies. X-ray imaging
systems provide key tools to support health security through emergency preparedness. These
imaging systems offer rapid, accurate diagnoses and examinations that support prevention
and response in a broad range of accident, disaster, and emergency scenarios.

Through appropriate procedures and coordination, X-ray systems can confirm or rule out
medical treatments, indicate specific remedies to optimize resources such as personnel or
medication, and identify hazardous foreign objects such as landmines, unexploded ordnance,
or improvised explosive devices. Medical imaging technology is therefore a crucial
component of health security provision. However, it is important that security outcomes be
regularly reviewed and maintained to account for the changing nature of hazards and risks.

High-quality is a key concept in healthcare; through international cooperation, all patients
around the world should be able to receive timely, appropriate care and gain the desired
physiological and psychological outcomes. Due to rapidly increasing social ageing and the
prevalence of chronic diseases and lifestyle-related diseases, the demand for medical services
continues to grow, creating economic pressure on healthcare systems. In order to address
such high-quality care and cost effectiveness, new technology development continues
actively to provide medical facilities with advanced equipment and instruments, including
medical imaging systems. These technologies may enable more reliable and faster diagnoses,
less-invasive treatment, treatment support, and rehabilitation assistance.

2. Overview of Emergency Preparedness

Societies that develop established preparedness and response structures improve their ability
to withstand the impacts of emergencies. Emergency preparedness involves plans to reduce
the loss of life and property through the mitigation of harms and the mobilization of
personnel and resources if an incident occurs. Preparing for emergencies can help facilitate
recovery efforts as well. Emergencies can strain a health system’s surge capacity and dep
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available resources (Aarne Grossman, 2020). Reliable access to medical imaging helps
address these challenges by supporting the rapid diagnosis of diseases and injuries, thereby
maintaining the flow of care and enabling healthcare professionals to meet increased
demands.

3. Role of Imaging Technologies in Healthcare

The use of radiography encompasses an extensive range of diagnoses, from simple bone
fractures to pneumonia and foreign body detection. Consequently, X-ray technology
represents one of the essential components in the healthcare arsenal. Modern medicine is
dependent on well-detected, interpreted, and managed X-ray images. X-ray imaging is by far
the most-widely used diagnostic tool, but it is by no means the only one available. Multiple
other medical imaging technologies contribute significantly to current diagnostic capabilities.

The amalgamation of various imaging technologies has altered the character of diagnostic
medicine dramatically. The entire suite of diagnostic imaging tools—spanning several
mechanisms and encompassing diverse types of needed information—has become easily
accessible only in the last few decades. Medical imaging now occupies a significant position
in patient care, with modalities like X-ray, computed tomography (CT), ultrasound, nuclear
medicine, and magnetic resonance imaging (MRI) offering different types of insight into
patient medical status. Each technology passes information to the providers to aid diagnosis
in a unique manner. The overall effect of medical imaging on the quality of diagnosis is
remarkable.

4. Understanding X-Ray Imaging

X-ray systems emit electromagnetic waves in the X-ray spectrum. Images based on the
absorption rate of X-rays increase organ and tissue densities. X-ray systems allow the non-
invasive screening of dense organs, such as the chest cavity and the skeletal system, as well
as soft tissues, such as the blood vessels and digestive tract. In medicine, X-ray systems are
available as projectional radiography, computerized tomography (CT), or fluoroscopy. The
imaging modes differ in terms of information contained within the images, space occupied by
the equipment, and associated cost (Hristovski, 2011).

4.1. Principles of X-Ray Technology

The principles of X-ray technology, including radiation safety, underpin the practical
implementation of diagnostic imaging under emergency-preparedness conditions. The use of
X-ray examination to obtain immediate, accurate images facilitates the efficient identification
of the presence and extent of disease and injury, as well as the presence of foreign objects
(Brady et al., 2020).
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X-rays are a form of electromagnetic radiation, similar to visible light, that pass readily
through soft tissue but are absorbed by denser materials such as bone and metal. Contact with
X-rays can cause changes to human tissue, which create the distinctive black and white
images obtained from X-ray imaging. As a result of the sensitivity of human tissue, the
amount of exposure to X-rays is regulated according to established guidelines, and safe
working practices are followed, with personal protective equipment (PPE) provided as
appropriate. X-ray procedures are conducted according to the urgency of the patient case and
effective safety measures. Intensifying screens contain rare-earth elements, such as
gadolinium, lanthanum and yttrium compounds, to convert X-rays into visible light, which in
turn exposes the X-ray-sensitive film. Metals and bone appear white on the exposed film,
whilst soft tissue appears grey and air appears black.

4.2. Types of X-Ray Imaging

Three main types of X-ray imaging are commonly employed in diagnostic and therapeutic
contexts (Hristovski, 2011). These include radiography (general X-ray), fluoroscopy, and
computed tomography (CT).

Radiography produces digital two-dimensional (2D) images, typically of bones and joints.
The chest is a common site of imaging, but radiographs can also capture images of the
abdomen and extremities (Aarne Grossman, 2020). Fluoroscopy produces real-time 2D
images of organs and limbs, often used in angiography and orthopedics. It employs
continuous X-ray to generate videos, requiring relatively high X-ray doses; thus, the use is
limited to short durations for immediate diagnostic procedures. Gastrointestinal and
reproductive tracts are commonly evaluated using fluoroscopy. CT has been widely
employed since the 1970s, providing two- and three-dimensional (2D and 3D) images of any
part of the body without overlapping internal structures. It assists with imaging the brain,
lungs, abdomen, cardiovascular, and musculoskeletal areas, offering improved diagnostic
specificity and sensitivity compared to radiography.

5. Applications of X-Ray Imaging in Health Security

Public health threats with pandemic potential and bioterrorist challenges are tangible security
problems, prompting global efforts to prepare for and respond to emergencies effectively
(Rusconi et al., 2015). Emergency preparedness encompasses the systematic analysis, design,
and implementation of systems to address a broad spectrum of hazards, ensuring a perpetual
state of readiness (Rafiei et al., 2022). Healthcare relies increasingly on medical imaging for
screening, diagnosis, and treatment planning, with various modalities such as X-ray
computed tomography demonstrating a rapid, noninvasive, and reliable method for internal
defect investigation.
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X-ray imaging serves as a pivotal diagnostic tool within health security, enabling healthcare
providers to identify medical issues promptly during critical situations and straightforwardly
acquire detailed internal and external body information. This capability supports timely and
precise diagnoses, affording additional preparation time for subsequent treatment decisions.
Hemorrhagic shock assessments benefit substantially from X-ray imaging, as it facilitates
early identification of vascular collapse in patients. Field-deployable X-ray equipment
enhances the capability of emergency responders to evaluate bone and internal organ
conditions onsite when resources are limited. In emergencies, the rapid and noninvasive
nature of X-ray imaging permits comprehensive examination of patients who are confused or
uncommunicative, focusing attention on identifying suspicious or hazardous foreign bodies
as a primary concern.

5.1. Disease Diagnosis

The complex nature of health emergencies requires consultation of many separate sources of
evidence, which often provide conflicting or ambiguous information. A general overview of
the aspects of health security relevant to the case of X-ray imaging is given in the next two
sections. Emergency preparedness is first discussed at a general level, before narrowing in on
the particulars of X-ray imaging given its contribution to the realisation of a more secure, and
safer, environment.

A functioning health-care system is integral to community wellbeing. This assumption is the
foundation of health security, whereby the prevention or containment of threats to health
matters on a national, domestic and individual level (van der Heyden, 2021). A major tenet of
health-security policy is preparedness, when the commitment to strong systems is exercised
through a planned response to a health emergency.

In the 1994 UN Framework Convention on Climate Change (UNFCCC) the UN specifies that
a planning process is necessary to reduce vulnerability to crisis and avert disastrous
consequences. Emergency preparedness systems identify the activities and programmes that
may be implemented prior to a crisis (Nguyen Quang Vo et al., 2021). Up-to-date and reliable
health-care systems are at the centre of a successful response effort: to meet increased
demand, rely on tested management protocols and maintain critical supplies and equipment.

Resilience to health emergencies can be cultivated by focusing on a number of priorities:
establishing flexible coping mechanisms; spreading risk to vulnerable groups in isolated
sections of society; anticipating the needs and estimating capacity; and carefully assessing
hazards and the possible ways in which they might unfold. Early warning can be achieved
through careful study of the environment and of the political, environmental, social and
epidemiological context.
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The geographical areas affected will quickly become overwhelmed either physically or
economically and require support from the wider region. Assistance is conditional on the
dependability of existing health-care systems and the compatibility of established and
proposed approaches, underlining the significance of preparedness. A credibility gap will
increase distrust and fear within the community, inhibiting swift-response measures and
limiting the capacity for recovery.

5.2. Injury Assessment

Injury assessment constitutes a vital component of emergency response, supporting both
triage and treatment decisions. X-ray imaging plays a significant role in injury assessment
and treatment. Investigations include detection of lodged foreign bodies, displaced and non-
displaced fractures, dislocations, radial or spiral fractures, and comprehensive fracture
mapping (Hussain et al., 2021). Radiologists equipped with detailed anatomical knowledge
can influence patient outcomes through accurate interpretation of X-ray images.

In the aftermath of disasters such as earthquakes or terrorist attacks, rescue teams often
encounter situations where standard equipment is damaged, and conditions may be
hazardous. X-ray rooftop systems offer a remedy, enabling them to proceed with rescue tasks.
In typical hospital settings, emergency X-ray examinations are conducted on-site. However,
systems capable of operating within hospitals and, importantly, for on-site emergency use are
increasingly significant. Extending the range of investigations to include cases such as
pneumothorax, hemothorax, mediastinal deviation, pleural effusions, diaphragmatic ruptures,
pulmonary edema, cardiomegaly, and abdominal organ injuries expands the utility of X-ray
imaging in emergency contexts, bringing the scope of investigations closer to that of
computed tomography (Aydin et al., 2024).

5.3. Detection of Foreign Objects

The immediate identification of diseases and physical injuries is of vital importance in an
emergency. X-ray imaging is widely used in diagnostic equipment, facilitating rapid health
status assessments. Since foreign objects left in the body can cause complications, the
diagnosis and localization of such items are also important. Subcutaneous foreign bodies
penetrating the skin or soft tissue can cause pain, swelling, abscess formation, or
pseudotumor. Clinically, patient history and complaints are used alongside instrument-
assisted examination for diagnosis. Preoperative assessment of foreign body dimensions and
precise skin marking help reduce incision size and operative time. Common imaging
modalities such as X-ray, ultrasound (US), computed tomography (CT), and magnetic
resonance imaging (MRI) are employed to locate foreign objects. However, wooden foreign
bodies exhibit a detection rate of only 15% with X-ray and CT, rendering diagnosis
challenging. Ultrasound, while achieving approximately 72% sensitivity, struggles to identi
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objects smaller than 2 mm. MRI offers high-resolution imaging but may be hazardous in the
presence of metallic (especially iron) foreign bodies and is less effective for low-water-
content materials. To overcome these limitations, novel approaches like grating-based
multimodal X-ray imaging leverage differences in X-ray absorption, phase contrast, and
dark-field signals. This technique demonstrates heightened sensitivity to soft tissues and
holds significant potential for detecting subcutaneous foreign bodies across various tissue
types, enhancing trauma diagnostics (Yin et al., 2022).

6. X-Ray Imaging in Emergency Situations

The immediacy of accurate diagnostic imaging in emergency preparedness underscores
health security. Disasters, natural or man-made, exigently require rapid assessment to identify
injuries, establish priorities, and guide patient management. Radiography, therefore,
constitutes an integral extension of the healthcare response arsenal in the aftermath of large-
scale casualty incidents (Aarne Grossman, 2020).

A portable x-ray system, conveying images on line or through cellular transmission, conveys
the diagnostic benefits of radiographic evaluation to far-ranging sites and populations.
Immediate assessment may be implemented at the casualty scene or in geographic locations
removed from traditional medical facilities, affording enhanced control of emergency
situations through informed decision-making (Yanagawa et al., 2019).

6.1. Rapid Response Scenarios

Disasters demand that medical professionals accomplish tasks with speed yet without
imprecision. Imaging plays a pivotal role in these scenarios, enabling rapid identification of
conditions such as foreign objects, skeletal injuries, abdominal fluid, or pneumonia. In
preparation for such situations, radiology departments routinely conduct multi-casualty
simulations to assess throughput, image transfer, and transport times, frequently utilizing a
command center to maintain clear communication and coordination (Aarne Grossman, 2020).
Portable equipment facilitates triage by being deployed to upper floors if elevator service is
disrupted.

Rapid identification of foreign bodies through X-ray imaging is essential following natural or
man-made disasters. The ability to quickly confirm skeletal injuries, detect abdominal free
fluid, or diagnose pneumonia can be lifesaving. Two primary functions of X-ray technology
underpin these capabilities. First, hard X-rays are capable of penetrating the human body to
provide internal images of anatomical structures. Second, different types of X-ray emitters
facilitate both still and animated imaging, allowing for versatile examination of patient
conditions.
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6.2. Field Deployable X-Ray Systems

Mobile X-ray systems deliver important diagnostic capabilities for health security and
emergency preparedness in the absence of permanent medical installations. These portable
solutions enable versatile operation within varied environments and offer additional logistical
advantages in emergencies (Yanagawa et al., 2019). The ultra-portable X-ray system
incorporates a lightweight design, long-life battery, and wireless image transfer. Field
deployment demonstrates the ability to identify active tuberculosis infections during case-
finding campaigns in vulnerable populations (Nguyen Quang Vo et al., 2021).

7. Challenges in X-Ray Imaging During Emergencies

Emergency uses of X-ray imaging impose major constraints on existing clinical equipment.
The scientific effectiveness reported in routine clinical procedures is generally diminished in
emergency deployments. Adequate planning, training, and logistical systems can partially
mitigate these disadvantages. X-ray radiation hazards are compounded by uncontrolled
delivery, possible indiscriminate repetition of exposures, and limited options for patient
shielding. Overall, clinical equipment does not satisfy the simultaneous requirements to
optimize scientific potential and to minimize radiation burden (Aarne Grossman, 2020). The
challenge in emergency preparedness lies in providing reliable diagnostic and imaging
services. When the need for medical imaging increases abruptly—for example, following an
accident or natural disaster—services can become quickly overwhelmed. Operating under
enhanced constraints often compounds the problem (Suji et al., 2024).

7.1. Resource Limitations

The provision of medical services in emergency situations is often constrained by limited
resources, including workforce, equipment, infrastructure, and information technology (Suji
et al., 2024). Just as healthcare delivery in crisis zones is challenging, X-ray imaging faces
specific limitations when deployed under such conditions. Effective application of X-ray
diagnostics requires adequate personnel capacity and the fulfillment of foundational
prerequisites. Medical imaging personnel shortages arise primarily from emigration of health
workers and insufficient training opportunities. Prior to acquiring or refurbishing imaging
systems, stakeholders should carefully assess the necessary infrastructure, utilities such as
electrical power, and specialized information technology support to maintain operational
services. Additionally, compliance with international codes and guidelines on radiation
safety, radiological protection, and waste disposal remains imperative for lawful and hazard-
free operation.

7.2. Radiation Safety Concerns

All X-ray examinations carry some level of risk for both patients and operators (Tahira S
Nagqvi et al., 2019). Ionizing radiation, as produced by X-rays, can generate free radicals
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cause chemical instability and reactivity, posing potential health hazards. The principal
concern is the absorbed dose, which correlates with an increased risk of cancer. Although X-
rays are invaluable for diagnostics, unnecessary exposure contributes to cumulative radiation
burden; about 2-3% of future cancers might be attributable to current medical imaging
practices. Awareness about these risks enhances doctor-patient communication and fosters
judicious use of imaging, aligning with the ALARA (As Low As Reasonably Achievable)
principle (A. Oakley & E. Harrison, 2020). Advancements in emergency preparedness
considerably reduce the medical consequences of catastrophes. Maintaining the continuity of
clinical and diagnostic services, including the performance of emergency X-rays on critically
ill patients, is a principal objective (Aarne Grossman, 2020). Having a radiologist available to
perform bedside X-rays enables immediate image interpretation, facilitates prompt injury
identification, streamlines communication, and decreases errors. A substantial challenge lies
in preserving the functionality of radiology departments and the safety of staff during
emergency situations. Flooding represents a significant hazard, particularly in urban
environments, capable of rendering medical supplies inaccessible and severely damaging
critical radiology infrastructure. The safety of the MRI unit merits attention because the
quench button on the magnet may not function when power is lost. MRI machines placed at
ground level and situated below water tables may experience flooding of the MRI room,
causing extensive water damage; the rooms must therefore be watertight, and the machines
should be positioned on ground elevated above the water level. Despite its importance,
radiation safety is sometimes overlooked, yet it remains a critical component of emergency-
response planning.

8. Integrating X-Ray Imaging into Emergency Protocols

X-ray imaging reinforces health security by augmenting emergency preparedness. Reliable
emergency response hinges on ready access to health-care services and the effective triage of
casualties. Strategies for augmented response capabilities, particularly the rapid delivery of
accurate screening and diagnosis, are priorities (Meishi Melissa et al., 2021). Diagnostics
underpin the work of emergency responders in the medical, law enforcement, and wider
government sectors. Imaging is exploited as a key response tool. X-ray imaging offers an
effective capability supporting traumatic injury assessment as well as non-invasive
diagnostics and is a technology easily transferred to mobile or temporary facilities (Brady et
al., 2020). Emergency protocols therefore emphasize both training and the development of
standard operating procedures to optimize the deployment of X-ray equipment in

emergencies.
8.1. Training Healthcare Professionals

Healthcare professionals have a wide variety of responsibilities during emergency situations.
These include providing immediate care, correctly identifying injuries and medi
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conditions, classifying the severity of injuries, and obtaining information regarding the cause
of the injury. To support health security, healthcare professionals should undergo training
specifically related to obtaining X-ray images in emergency situations. Although many
medical personnel are capable of performing X-ray imaging and possess a certain level of
skills for doing so, the added constraints created by emergencies necessitate specific
preparatory training, even for experienced radiologists.

One potential training method involves using simulators. Simulation has long been used for
training in various medical areas and is regularly implemented to prepare personnel for
infrequent yet potentially disastrous events. Emergency scenarios inherently restrict available
resources, complicating the provision of timely and thorough care for patients. Simulator-
based training can sensitize personnel to these limitations. For example, most diagnostic
software for X-ray examination allows for a variety of examinations only if proper resources
are available. By disabling functions that depend on unavailable resources, the software
prompts users to devise alternative strategies for diagnostic imaging, thereby enhancing
preparedness and adaptability.

8.2. Developing Standard Operating Procedures

A foundational element of emergency preparedness is the development of standard operating
procedures (SOPs) and training specialists accordingly. They wed theoretical and practical
knowledge, ultimately training radiologists and medical technicians in adequate methods of
image interpretation.

During medical imaging, especially in emergencies or mass casualty incidents, the rules of
radiation protection must never be neglected. The question "When is it justifiable to perform
an MPG, CT, or angiography?" emerges repeatedly during the development of emergency
answers. Rational use of diagnostic X-ray imaging helps protect emergency patients and
healthcare professionals from excessive radiation, whereas unjustified imaging procedures
waste resources and potentially endanger patients and staff. Site and nature of emergency set
the conditions for the technique used, the technical requirements of the apparatus, and the
requirements of the technical staff. Most important are the first signs of emergency chief
physicians receiving support for decisions about further diagnostics and subsequent
treatment. Hence, radiological diagnosis supports instant treatment protocols.

9. Case Studies of X-Ray Imaging in Past Emergencies

The diagnostic capabilities of X-ray imaging may alleviate the adverse impact of shortages in
radiological equipment for health emergencies. Some examples follow.

Northern Gaza maintains 10 portable X-ray machines and 12 fixed units. Local availability
keeps many Gaza radiology services operational despite continuing airstrikes, Islamist
repression, and blockade, along with cement shortages that affect medical infrastruc
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More than 30 fixed radiology units, including 6 CT scanners and 1 mammographic unit, are
non-functional throughout Gaza, primarily because of prolonged electric-power shortages and
lack of expert staff. Palestinian medical personnel at high conflict exposure may consider X-
ray screening to detect chronic pulmonary disease and lung damage that could otherwise lead
to excess morbidity.

Hospitals in the West Bank are better equipped and may rely on strategically deployed X-ray
machines. Facilities in the poor and under-populated Gaza Strip cannot utilize relevant orders
of magnitude of such advanced radiological service. Most mammography machines sold
worldwide cost less than the US $130,000 price paid by the Gaza Ministry of Health.
Programmes for well-targeted donations or acquisitions of such equipment could rapidly
extend provision in emergency situations.

Dependable and mobile X-ray equipment may become essential during emergency operations
when sources of electric power are compromised or unreliable. Following the onset of
conflict, auxiliary power reserves might be extracted and preserved from devices no longer
routinely required in the facilities concerned. Portable radiological instrumentation may be
mounted on vehicles or adapted to drone payloads, augmenting the outreach beyond the
conventional operators’ centres of activity.usters such as the salient appeal for preparedness
underpin all local measures. Suggested means of resilience express in detail many
supplementary insights applicable to the general framework proposed here (Aarne Grossman,
2020) (Suji et al., 2024).

9.1. Natural Disasters

Natural disasters often bring challenges ranging from Ilimited resources to political
instabilities. Even if 8 hours or an entire day passes without access to basic supplies, the
health infrastructure must be prepared to deliver medical services (Aarne Grossman, 2020).
According to the Centers for Disease Control and Prevention (CDC), emergency
preparedness helps communities reduce the likelihood of exposure to or suffering from a
hazardous event and mitigate the effects of such an event should it occur. It enhances the
safety of responders and workers and supports short- and long-term recovery efforts. Properly
instituted emergency preparedness allows communities to respond to and recover from the
effects of a disaster, and it decreases subsequent adverse economic and health impacts.

Emergency preparedness is defined as the ability of individuals, organizations, and
communities to anticipate, respond to, and recover from the impacts of likely, imminent, or
current hazard events or conditions. The four elements of an approach to emergency
preparedness are as follows:

- Planning - Organizing - Training - Leadership
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The preparedness should be integrated with emergency response and recovery activities to
effectively manage hazardous events. When combined with prevention and mitigation efforts,
preparedness can be used to reduce overall risk.

9.2. Pandemic Response

Preparedness for health emergencies constitutes a critical component of health security.
Besides public health emergencies in general, pandemic is an increasing threat in the
globalized economy—particular so for infectious diseases that can easily spread beyond
national borders. Emergency preparedness focuses on a variety of means to respond
effectively and efficiently to situations involving an immediate or impending threat. Imaging
plays a significant role in diagnostic technology, especially the ability to discover subtle
defects and perform rapid examinations. X-ray imaging is a fundamental, long-established
technique that has seen steady development during the last few decades.

X-ray imaging contributes in the immediate diagnosis of various diagnoses during the early
stages of, for example, infection by 2019 novel coronavirus (SARS-CoV-2; COVID-19). The
approach is amongst the quickest and most reliable means of diagnosis. Once confirmed,
patients can be isolated so that the disease is not spread to unaffected individuals. X-ray
imaging can also reveal the extent of infection and the response to treatment (Xiang Tay et
al., 2021). Aside from infectious disease, X-ray imaging is widely used to identify injuries to
bones and joints at an accident scene or disaster site, so that first-aid treatment can be
supplied on-site or the patient transported to a hospital for specific treatment. Foreign bodies
in the internal regions of the body are also alarming to emergency operations; the ability to
identify the location and size of such objects enables assessment of what medical
countermeasures are required, whether urgent surgery or less invasive treatment (Eastgate et
al., 2020). Field deployable and portable X-ray equipment permits radiological examination
on-site during emergency operations, thereby supporting the safety of emergency workers
and international responders.

10. Future Trends in X-Ray Imaging Technology

Many studies discuss various applications of X-ray imaging in health security. Looking
forward, software improvements are likely to take on an increasingly important role. Progress
in reconstruction, visualization, automation, and Artificial Intelligence drives greater
efficiency, accuracy, and robustness (Kim et al., 2013). An equally important trend involves
the continued development of portable equipment, which enables rapid X-ray inspection in
diverse emergency settings. Such systems range from specialized boxes intended to scan
pollutants to compact professional-capacity units designed for extraprofessional use.
Numerous investigative initiatives address the engineering challenges associated with these
stand-alone imaging solutions (Winder et al., 2021).
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10.1. Advancements in Imaging Software

Simulation plays a key role in developing imaging software, whether used in software testing
or as the software’s primary function. In recent years, simulators have been proposed
covering radiographic image optimization and dose-reduction methods in digital machines
(Gallio et al., 2015). Digitally reconstructed radiographs (DRRs), for example, are computed
from a 3D data set and replicating a conventional X-ray projection. Techniques for their
production and validation have benefitted posterior optimization of chest radiographs for
diagnosis and screening. Computer programs employing numerical methods calculate x-ray
spectra from tungsten targets with high accuracy. Computed tomography (CT) projection data
generated by forward- or back-projection of a volume through ray tracing allow for endless
simulation of clinical and industrial acquisitions from existing CT data. Subsequently, a
GPU-based tool uses the CT geometry for on-the-fly simulations of realistic cone beam CT
projections without requiring the CT data to be pre—exported to the CPU; the method includes
a deterministic simulation of first-order scattering in virtual x-ray imaging. The availability of
a fully parameterized and flexible adult human phantom featuring detailed anatomical,
physiological, cellular, and nuclear anthropometric data comes as an alternative to the release
of statistical anthropometric data obtained from a specific, physically built anthropomorphic
phantom for external dosimetry. Semiempirical approaches have been used for the simulation
of complex x-ray detectors; a method that accurately predicts measured detector response
parameters, capable of being used as a tool for the characterization and design of new x-ray
imaging technologies, is described. Noise decomposition into its components of electronic
noise, quantum noise, and spatial resolution and their interactions enables analysis of x-ray
radiography detectors performance in terms of measured and extrapolated signal and noise, as
well as spatial resolution. GPU computing facilitates medical physics simulations and Monte
Carlo transport; an overview of current attempts and states of the art technologies with
CUDA for scientific computing is provided. Tri-linear interpolation allows efficient
calculation of the forward projection of discreet data sets composed of the sum of Gaussians
and by the implementation of these methods, the algorithms provide up to a fivefold increase
in transmission and back projection speed. Standard tissue substitutes account for variations
in physical, chemical and biological properties between substitute materials and biological
tissue in diagnostic radiation dosimetry; the report up to 3 MeV electron-equivalent depth
dose measurements on fractions by the International Commission on Radiation Units and
Measurements are presented.

10.2. Portable Imaging Solutions

Emergency preparedness involves the deployment of communication, evacuation,
decontamination, and extraordinary medical response systems and strategies that can reduce
illness and death during a large-scale public health emergency. Consequently, t
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development of a medical response system that enhances the medical capabilities in mass-
casualty incidents (MClIs) is mandatory for health security.

X-Ray imaging has long been used to detect internal diseases and foreign objects in patients,
while it can be designed to be portable enough for field use. For example, it has been
successfully used to understand the types of internal trauma suffered by causality victims and
to assess expected injury severity, even though the use of such a system in the immediate
aftermath of a large-scale disaster has been minimal because of a lack of relevant protocols
(Yanagawa et al., 2019). The deployment of imaging devices such as X-Ray scanners would
permit the rapid determination of the injury status of a casualty, enabling a choice to be made
between resuscitation, immediate evacuation for severe trauma, and so forth. Portable X-Ray
solutions would therefore significantly enhance medical response capabilities during a large-
scale emergency and the formulation of appropriate strategies to integrate such a system into
existing emergency planning is therefore of considerable importance.

In addition, high patient numbers during pandemics place considerable strain on the global
medical infrastructure; it was found that among patients requiring inpatient treatment for a
suspected COVID-19 infection at a vaccine centre, 20 % required diagnostic imaging
services at a dedicated facility constructed within a temporary fever tent (Meishi Melissa et
al., 2021). The study is among the first to describe candidates from a computed tomography
(CT) examination using a portable X-Ray system within a fever tent during a pandemic.
Imaging facilities should therefore be integrated locations for the rapid and reliable diagnosis
of pandemics within appropriate containment strategies, with the selection and planning of
medical infrastructure that ensures effective diagnostic and triage management.
Consequently, the development of a medical response system that enhances the medical
capabilities in mass-casualty incidents (MCIs) is mandatory for health security.

11. Collaboration Between Agencies for Health Security

Inter-agency collaboration significantly influences health security within the framework of
emergency preparedness. The involvement of multiple agencies spanning health, foreign
affairs, national security, and defense enhances the efficacy of emergency responses.
Coordination on various levels and scales—for example, global, national, state, and local—
leads to the development of networks that sustain scalable capabilities (Aarne Grossman,
2020). Collaborative activities share resources that might otherwise remain isolated and
increase the collective knowledge of applicable assets (Suji et al., 2024). Real-world
experiences demonstrate the effective application of imaging technology in multifaceted
emergencies. While the establishment of inter-agency networks undoubtedly facilitates the
development of robust strategies, an additional factor derives from the transmission of
consistent health-security status updates. Between June 1999 and September 2004, for
instance, Health Canada and Public Health Agency Canada issued formal advisory noti
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with implications for emergency preparedness. Internally referenced labels and coded
parameters—incorporating language and lexicons common to health security—enables a
continuous automated feedback loop supporting personnel in continual training and the
exercise of implementing health-security countermeasures.

12. Policy Recommendations for Enhanced Use of X-Ray Imaging

Building upon efforts to combine portable chest radiography with automated image
interpretation, a policy framework to facilitate implementation in low-income settings is
proposed. In regions characterized by acute shortages of trained human resources and
underdeveloped infrastructure, the development of hardware and software scheduling agents
is advocated; these agents would ensure operations remain within designated subject-to-sign-
off protocols even during prolonged interruptions of connectivity to the supporting cloud-
based infrastructure. At the governmental level, tropical disease control programs are
encouraged to allocate funds for such systems while emphasizing ongoing training for
physician interpretation of chest radiographs and for successful radiology follow-up of
positive cases. In 2010, a World Health Imaging System for Radiology (WHIS-RAD)
specification was developed for X-Ray machines intended for resource-limited environments.
This specification outlines essential system components and performance requirements,
including fixed tube configurations to minimize scattered radiation and enable more
straightforward shielding, battery systems designed to operate effectively amid unstable
electricity supplies, and elevated safety and quality standards to reduce operator risk and
maintenance frequency. The system is also intended for indoor use but is engineered to
accommodate minimal site prerequisites due to low scatter radiation.

Digital image processing and storage have been identified as critical components; although
analogue image processing has been employed as a secondary option owing to cost
considerations and mainland reliability concerns, the associated demands of film storage,
chemical disposal, and quality assurance pose significant challenges. Consequently, long-
term strategies frequently incorporate migration to digital systems (Smith-Rohrberg Maru et
al., 2010).

13. Ethical Considerations in Emergency Imaging

Ethical concerns inevitably arise in emergency imaging, on account of the operating
environments and the urgent need to generate accurate diagnoses. Various studies have
considered the role of radiology in conflict-affected areas, where the difficulty in balancing
the pressure to deliver urgent clinical information with the imperative to observe ethical
standards is pronounced (Suji et al., 2024). Imaging modalities such as focused assessment
with sonography for trauma and computed tomography feature heavily alongside X-ray
techniques in battlefield trauma assessment, particularly for paediatric casualties. The pursui
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of robust protocols and wider availability of X-ray systems offers prospects for upholding
ethical considerations alongside the swift delivery of clinical details.

14. Public Awareness and Education on X-Ray Imaging

Due to their simplicity and relevance, X-ray imaging techniques are widely disseminated and
popularized (Tahira S Naqvi et al., 2019). Increasing attention is being paid to disseminating
information about these technologies to a wide range of audiences in order to increase
acceptance and awareness. In addition to the designs and technologies of X-ray systems, the
overall framework of strategies, policies, institutions, and facilities for emergency
preparedness needs to be promoted as well.

15. Conclusion

Health security addresses the preparedness of health systems to prevent, detect, and respond
to public health risks that threaten population safety during emergencies. It pertains to the
resilience of societies in emergency contexts, emphasizing the capacity to manage health
hazards promptly and effectively. In emergencies, immediate diagnosis and intervention are
crucial; X-ray imaging serves as a rapid and accurate diagnostic tool, essential when quick
medical attention is required (Nguyen Quang Vo et al., 2021).

Emergency preparedness concerns activities aimed at anticipating, mitigating, preventing, or
ameliorating the impact of emergencies, encompassing planning, mitigation, and response.
Rapid diagnosis enables prompt treatment decisions; X-ray imaging provides timely and
precise diagnostic support indispensable in such situations (Suji et al., 2024).

Imaging technologies contribute to enhanced diagnostic solutions, supporting medical
professionals in symptom analysis, disease diagnosis, illness characterization, prognosis
tracking, and patient management. X-ray imaging generates medical images for clinical
analysis, assisting healthcare providers in treatment-related decisions (Meishi Melissa et al.,
2021).

X-ray imaging involves emitting X-rays through an object to create 2D or 3D representations
of its internal structure. This technique enables the penetration of materials that block visible
light, facilitating internal inspection.
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