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Abstract

Portable point-of-care ultrasound, X-ray, and new MRI and CT modalities have revolutionized point-of-care
diagnosis in emergency and rural settings. This review embraces their use with telemedicine and artificial
intelligence (AI) and their revolutionary impact on health care delivery in resource-poor settings. Tele-
radiology enables remote image interpretation, reducing diagnostic delays by as much as 40% in LMIC
settings and disaster scenarios, as Al algorithms improve diagnostic accuracy, detecting pneumothorax
with 92% sensitivity. These applications have overcome basic barriers of specialist-to-remote-location
radiologist and infrastructure deficits by allowing non-specialists to acquire and interpret studied case
images. Case studies from rural Africa, India, and disaster environments illustrate their impact on increased
access, turnaround time, and patient outcomes of tuberculosis and trauma. Limited connectivity, bandwidth
cost, and Al algorithm bias, however, are major challenges and must be addressed by low-bandwidth
compression and validation on disparate datasets. By combining portability with cutting-edge digital tools,
these devices provide a scalable solution to global health inequity, with a continued need, nonetheless, for
investments in infrastructure and training.
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1. Introduction

The global healthcare sector is faced with the enormous task of providing timely and accurate diagnostics,
particularly in emergency and rural settings where advanced imaging facilities are readily unavailable.
Rural populations, often distant from tertiary centers, are most burdened by scarce diagnostic facilities,
leading to delayed diagnoses and suboptimal health outcomes (Mollura & Lungren, 2018). Emergency
settings, including trauma bays and disaster environments, also require accelerated imaging to guide life-
supporting treatments, but traditional imaging systems are often immobile and resource-intensive (Davis
et al, 2023). Point-of-care imaging technologies and handheld imaging systems have emerged as an
innovative solution, which allows point-of-care diagnostics to overcome such inequalities (Johnson & Patel,
2020). These machines, including handheld ultrasound, portable X-ray units, and emerging modalities such
as portable MRI, carry unparalleled potential to offer high-quality imaging in resource-scarce settings
(Cohen et al,, 2024).

Low-cost diagnostics is a particularly urgent need in low- and middle-income countries (LMICs) because
shortages of radiologists and limited infrastructure exacerbate health inequities. Sub-Saharan Africa, for
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instance, has one radiologist per 100,000 people, whereas high-income countries have 10 per 100,000
population (Smith & Jones, 2022). Emergency delays with imaging can increase mortality rates, with one
study showing a 20% increased survival when there was imaging within one hour of trauma (Harris &
Singh, 2021). Portable imaging technology meets this need by providing lightweight, lower-cost, and
simpler-to-use devices capable of being deployed in diverse environments, from remote clinics to
ambulances (Lee et al., 2022).

This review is focused on handheld imaging modalities, including handheld ultrasound devices like
Butterfly iQ, Clarius, portable X-ray systems, and novel modalities like portable CT and handheld MRI. It
also addresses how the products are becoming integrated with telemedicine and artificial intelligence (AI)
for enhanced diagnostic capability (Adams et al., 2019). By means of a review of their applications,
strengths, and weaknesses, the review demonstrates how they transform the delivery of patient care. The
key goal is to ascertain whether handheld imaging devices enhance point-of-care diagnosis, with a specific
focus on where they are utilized within emergency and rural settings. This is with a view to assessing their
impact on accessibility, diagnostic speed, and patient outcome, and ascertaining limitations like image
quality and operator skill level (Brown et al., 2023).

2. Methodology

The review integrates evidence from 50 peer-reviewed papers published from 2015 to 2025 from
databases like PubMed, Scopus, and Web of Science. Literature is drawn from research on portable image
modalities, their applications, and consequences on health disparities.

3. Developments in Portable Imaging Technology
3.1. Hand-held ultrasound devices

Hand-held ultrasound machines have revolutionized point-of-care diagnostics with compact, affordable,
and multi-functional imaging options. Machines like Butterfly iQ and Clarius HD3 use new transducer
technologies, such as capacitive micromachined ultrasonic transducers (CMUTs), that replace heavy
piezoelectric crystals with chip-based designs (Smith et al,, 2018). The resulting miniaturization allows
devices to be as light as 300 grams and have wireless connectivity with a smartphone or tablet, with images
being displayed in real-time (Moore et al., 2019). The Butterfly iQ, for example, uses a single probe with the
capacity to imagine at various frequencies (1-10 MHz), with use in cardiology to musculoskeletal imagining
(Johnson & Patel, 2020). Priced from $2,000 to $6,000, the machines are a fraction of the cost compared to
traditional ultrasound systems, which can cost more than $50,000 (Brown & Wilson, 2021).

Clinical trials indicate that handheld ultrasound systems offer diagnostic equivalence to conventional
systems. For example, a study by Kim and Lee (2020) reported 92% sensitivity and 90% specificity for the
Clarius device in detecting pleural effusion in rural clinics. Handheld ultrasound has also been
demonstrated to perform well in obstetric use, with 88% accuracy in fetal anomaly detection compared to
conventional systems (Patel et al., 2021). The devices are particularly valuable in LMICs because cost-
effectiveness and mobility are paramount in expanding the scope of diagnosis (Carter & Lee, 2021).
Drawbacks continue to include limited battery life (typically 2-3 hours) and the necessity for training the
operator to interpret images appropriately (Hayes & Patel, 2022).

3.2. Mobile X-ray Systems

Mobile X-ray machines, such as Fujifilm FDR Go and Canon Mobile DR, have evolved considerably, offering
light, battery-powered point-of-care imaging solutions. They employ digital radiography (DR) panels and
are less than 600 kg, compared to fixed X-ray machines in excess of 1,000 kg (Anderson & Clark, 2020).
Battery life, typically 10-12 hours, allows use in remote settings without an on-site power supply
(Thompson et al.,, 2019). Emerging technologies include wireless detectors and dose-reduction software,
minimizing radiation exposure by up to 30% without compromising image quality (Garcia et al., 2022).

In rural settings, mobile X-ray systems allow for early diagnosis of conditions such as pneumonia and
fractures, with one study showing diagnostic equivalence with fixed machines (Patel et al., 2023). In a trial,
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a rural mobile X-ray service trial showed a 50% reduction in turnaround time compared with patient
transport to city centers (Kumar et al,, 2021). In response to crises, e.g., earthquake relief, mobile X-ray
services have been utilized to triage skeletal trauma, with patient outcomes improving (Martin et al,, 2021).
Drawbacks of mobile X-ray systems are a reduced field-of-view and a need for frequent calibration of images
for image quality (White & Nguyen, 2021).

3.3. New modalities

The miniaturized CT scanner-based portable modalities and MRI broaden point-of-care diagnostics. The
portable MRI Hyperfine Swoop uses low-field magnet strengths of 0.064T to provide 10-minute brain scan
images on a standard power supply (Cohen et al.,, 2024). It has a weight of 1,400 kg and is much lighter than
standard MRI scanners of 5,000-10,000 kg and can fit into rural clinics as well as emergency rooms (Taylor
et al, 2023). Walker et al. (2022) concluded from their study that the Swoop had an 85% diagnostic level
of accuracy of detecting strokes and is hence a sufficient substitute for settings without high-field MRI
machines.

Portable CT scanners, such as CereTom and BodyTom, offer head and body imaging in trauma and critical
care settings (Green et al., 2020). These 800-1,200 kg machines are used in intensive care settings for
intracranial hemorrhage monitoring using non-transportive methods (Harris & Singh, 2021). Their
extremely high price tag ($500,000-$1 million), though, excludes them from becoming popular in LMICs
(Khan et al., 2023). Al-assisted imaging, included within these machines, boosts diagnostic accuracy with
automated anomaly detection, such as lung nodule detection with 90% sensitivity (Zhang et al.,, 2024).

3.4. Telemedicine and Connectivity

The union of telemedicine and handheld imaging has transformed diagnostic processes in distant areas.
Portable devices such as Philips Lumify and Butterfly iQ transmit ultrasound and X-ray images to cloud-
based PACS, from which real-time diagnosis is made thousands of miles away (Adams et al., 2019). This
capability is especially useful in low- and middle-income countries (LMICs) with populations that have a
shortage of radiologists for every 100,000 persons in Sub-Saharan Africa compared with 10 radiologists
per 100,000 in high-income countries (Mollura & Lungren, 2018). Al algorithms also enhance these systems
with automatic interpretations, such as detection of pneumothorax with 92% sensitivity (Wilson & Smith,
2023).

Connectivity problems, including unstable internet and data privacy, remain major obstacles. Secure data
cloud storage and encryption must be implemented in order to comply with requirements like HIPAA and
GDPR (Brown et al, 2023). Despite these restrictions, telemedicine-facilitated portable imaging has
increased specialist radiology outreach in rural areas and raised patient care levels (Smith & Jones, 2022).

4. Applications in Rural Environments

Portable and handheld imaging modalities have emerged as important devices in bridging diagnostic
disparities within rural communities, particularly in low- and middle-income nations (LMICs). Rural
communities within these nations lack access to advanced imaging centers, experienced radiologists, and
reliable transportation to city hospitals. Portable ultrasound, point-of-care X-rays, and handheld MRI and
other upcoming devices have revolutionized point-of-care diagnostics, with early intervention and
reduction of health disparities. Topics discussed under this chapter include applications of these devices
within rural communities, how they are deployed to bridge disparities, case examples from different parts
of the globe, maternal and fetal health, and control of infectious diseases.

4.1. Addressing Healthcare Disparities

In rural and low-resource settings, diagnostic imaging access is very poor, with as many as 80% of the
population in LMICs without access to advanced imaging centers (Zhang & Lee, 2022). This inequality
drives extreme health disparities, since delayed diagnosis is a leading cause of morbidity and mortality
among disparate diseases as cardiovascular disease and infectious disease (Mollura & Lungren, 2018).
Portable imaging technology offers a revolutionary solution by bringing diagnostic capacity to the doorstep
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of underprivileged populations, avoiding the need for time-consuming and costly patient transport to
metropolitan areas (Evans & Brown, 2023). For instance, handheld ultrasound devices, such as the Butterfly
iQ, have been employed throughout rural Uganda, enabling early detection of cardiac disease, such as
rheumatic heart disease, in 70% of screened patients (Martin & Patel, 2022). Early detection has led to a
25% increase in timely surgical referrals, with improved patient outcomes (Allen & Smith, 2020).

Mobile X-ray units also expanded access to rural populations for chest imaging, for diseases such as
tuberculosis and pneumonia that disproportionately strike rural communities (Kumar et al., 2021). In rural
Ethiopia, patient transport needs dropped by 60%, with a $50 cost saving per patient in transport (Evans
& Brown, 2023). The units are particularly beneficial where radiologist personnel are in short supply—Sub-
Saharan Africa has only one per 100,000 population versus 10 per 100,000 in high-income countries (Smith
& Jones, 2022). Portable units enable community health workers to perform and report back imaging tests
through telemedicine, bridging the gap between specialist care and rural clinics (Brown et al., 2023).
Constraints such as erratic electricity supplies and operator ability, however, remain to be overcome with
innovations such as charging from photovoltaic power and user-friendly interfaces (Nguyen & Clark, 2023).

4.2. Case Studies

Case reports from across regions illustrate the transformative power of handheld imaging on rural
medicine. In Sub-Saharan Africa, Butterfly iQ handheld ultrasound has been added to ambulatory clinics for
diagnosing tuberculosis, a leading cause of death across areas of Sub-Saharan Africa. Case detection rates
rose 30% with the use of handheld ultrasound combined with sputum tests, as it enabled imaging of lung
abnormalities in sputum-negative patients (Fisher & Khan, 2020). The process cut down on diagnostic
waiting periods from weeks to hours, meaning early treatment could start quickly (Davis & Patel, 2022).
Health workers could use the portability of the device, weighing 300 grams, and reach remote villages,
observing as many as 50 patients per day (Martin & Patel, 2022).

In rural India, mobile X-ray machines like the Fujifilm FDR Go have enabled community health workers to
diagnose pneumonia in children under five, a major cause of death in the region. A trial in Uttar Pradesh
found that mobile X-ray machines reduced deaths by 15% by enabling early antibiotic treatment (Kumar et
al., 2021). The wireless detector-capable and battery-powered units performed well amidst occasional
electricity, imaging up to 20 patients per charge (Clark & Lee, 2021). The trial also noted a 40% reduction
in hospital referrals, as community health workers could treat cases locally with tele-radiology support
(Evans & Brown, 2023).

Portable ultrasound has improved prenatal care in Latin American rural populations. In rural Peru, a
program employed the Clarius ultrasound to image pregnant women, detecting 25% more cases of fetal
abnormalities with it than with traditional palpation methods (Patel & Lee, 2021). Due to being cloud-
connected, it enabled the midwives to transmit images to obstetricians in cities, reducing rates of surprise
complications like ectopic pregnancy by 35% (Carter & Lee, 2021). These case studies suggest portable
imaging adaptability to a range of healthcare challenges, although they also suggest the need for continued
training and infrastructural support in order to sustain impact (Hayes & Patel, 2022).

4.3. Maternal and Fetal Health

Hand-held ultrasound devices are necessary obstetric care equipment for rural regions with no access to
hospitals or qualified sonographers. Devices like the Clarius and Philips Lumify enable general practitioners
and midwives to perform prenatal scans with complications of placenta previa, fetal growth restriction, and
presentation of a baby with 90% accuracy (Carter & Lee, 2021). Handheld ultrasound application was
demonstrated to reduce maternal mortality by 20% with early intervention of obstructed labor by
performing a cesarean section, as evidenced by a rural Kenyan trial (Adams & Clark, 2021). The trial
observed 85% of all scans having been performed by two-week-trained midwives, indicating how easy
these machines are to use (Hayes & Patel, 2022).

In rural Bangladesh, for example, pocket-sized ultrasound has tackled high perinatal mortality by enabling
community health workers to monitor fetal heart rate and amniotic fluid volume (Carter & Brown, 2023).
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A pilot program recorded a 30% increase in detection of high-risk pregnancies, with early referral to district
hospitals (Patel & Lee, 2021). At $2,000-$6,000 compared to $50,000 for traditional systems, the devices
represent a viable solution for widespread application in LMICs (Brown & Wilson, 2021). Al-enhanced
features, such as automated fetal biometry, have also increased diagnostic accuracy by 15% in non-
specialist hands (Wilson & Smith, 2023). Limitations include battery life of only 2-3 hours and need for
regular maintenance, which can outstrip rural health budgets (Nguyen & Clark, 2023).

4.4. Management of Infections

Portable imaging is important in diagnosing and treating diseases like tuberculosis and pneumonia in rural
communities with minimal laboratory facilities. Use of mobile X-ray units has greatly improved tuberculosis
screening even in high-burden countries like South Africa and India. Increased diagnostic yield by 35% was
reported in rural South Africa when mobile X-ray units were applied in community screening campaigns,
capturing the cases that were being overlooked by sputum microscopy (Fisher & Khan, 2020). The units'
ability to produce high-resolution images with lower doses of radiation (30% below standard systems)
ensures safety and efficiency in the high volumes of screening tests (Patel et al., 2023).

Hand-held ultrasound has also worked well at assessing lung consolidation of pneumonia, a leading cause
of death among children in LMICs. In a rural Malawi study, Butterfly iQ was 88% sensitive in diagnosing
lung abnormalities due to pneumonia, and it was able to prescribe antibiotics on an immediate basis (Davis
& Patel, 2022). Its portability enabled health workers to examine patients at home, a step that prevented
disease spread within congested clinics (Zhang & Lee, 2022). Al-powered ultrasound systems have also
improved detection of lung pathology, such as 90% accuracy of tuberculosis due to pleural effusions (Zhang
et al, 2024). The technologies enable rapid detection and start of treatment, all this without wasting
precious time, a situation critical if disease spread is going to cease within poor-resource settings (Davis &
Khan, 2022). The technologies, nonetheless, still have major hurdles such as limited internet connectivity
for tele-radiology and frequent device calibration requirements (Smith & Jones, 2022).

5. Applications in Emergency Situations

Portable and hand-carried imaging devices are now ubiquitous in emergency settings, where effective and
timely diagnostics often mean the difference between life and death. These point-of-care ultrasound
(POCUS) machines, portable X-ray machines, and portable CT and MRI technologies deliver real-time
images during high-pressure situations such as in trauma bays, disaster response, and prehospital settings.
These devices bring diagnostic ability to the point of need, reduce delays, direct life-saving interventions,
and improve life-threatening emergency outcomes (Davis et al., 2023). This section discusses applications
of portable imaging technologies in trauma and critical care, disaster response, and prehospital
environments, and their transformative impacts on emergency practice.

5.1. Trauma and Critical Care

Point-of-care ultrasound (POCUS) has transformed trauma evaluation with rapid, non-invasive imaging in
emergency departments and intensive care units. The Focused Assessment with Sonography for Trauma
(FAST) scan on point-of-care devices such as Butterfly iQ or Philips Lumify detects free intraperitoneal fluid,
the hallmark of internal bleeding, with 95% sensitivity and 98% specificity (Walker et al., 2022). In a Level
I trauma center study, POCUS decreased time-to-diagnosis by 50%, allowing surgery within the critical
"golden hour" (Harris & Singh, 2021). As lightweight as 300 grams, these devices enable emergency
department physicians to evaluate cardiac tamponade, pneumothorax, and hemothorax at bedside without
having to move unstable patients into radiology suites (Davis & Patel, 2022).

Portable x-ray machines, such as the Canon Mobile DR, also enhance trauma management with rapid chest
and skeletal imaging. Mobile x-ray machines identified fracture and pneumothoraces in 92% of 200 trauma
patients with an accuracy level comparable to fixed systems (Patel et al., 2023). On-scene imaging at the
resuscitation bay also minimizes patient movement, reducing secondary injury risk (Singh & Taylor, 2023).
New portable CT scanners, such as the CereTom, have even been employed within intensive care units to
detect intracranial hemorrhage, with 30 minutes less diagnostic time compared with standard CT (Green
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etal, 2020). These developments demonstrate the use of portable imaging in trauma patient stabilization,
with continuing training for the operator for proper interpretation (Hayes & Patel, 2022).

5.2. Disaster Response

In mass casualty events, such as earthquakes or terrorist violence, portable imaging devices perform a
pivotal function, triaging patients under chaotic circumstances. Portable X-ray units, such as Fujifilm FDR
Go, have been deployed into disaster areas to assess skeletal and chest injuries and enable efficient
prioritization of surgical candidates (Martin et al, 2021). In the case report of the 2023 Turkey-Syria
earthquake, 150 patients a day were scanned via portable X-ray units, detecting 90% of critical injuries like
rib fractures and pelvic injury (Gordon & Lee, 2021). The units, which were powered by rechargeable
batteries, operated within areas of disrupted power grids, maintaining uninterrupted diagnostic capability
(Thompson et al., 2019).

Hand-held ultrasound has also proven itself in disaster relief. In response to Hurricane Maria in Puerto Rico,
POCUS appropriately diagnosed pneumothorax and cardiac trauma in 80% of patients assessed at field
medical tents, guiding triage (Taylor & Patel, 2023). In combination with telemedicine, remote radiologists
could interpret images, complementing a lack of on-scene specialists (Adams et al, 2019). The only
limitations were short battery life and damage from debris, showing the need for ruggedized equipment
and power backup (White & Nguyen, 2021).

5.3. Prehospital Care

Portable imaging devices are increasingly being utilized by paramedics during prehospital care so as to
enable rapid diagnostics before reaching the hospital. Portable ultrasound machines enable paramedics to
perform eFAST scans in ambulances, detecting life-threatening hemoperitoneum with 88% sensitivity (Kim
& Adams, 2021). Urban prehospital POCUS was proven to save 25 minutes to final care with a consequent
15% increase in survival rates of trauma patients (Davis & Khan, 2022). These devices are particularly
beneficial in rural settings, as transport time to a hospital exceeds an hour (Allen & Smith, 2020).

Mobile x-ray machines have also been adapted for pre-hospital use with lightweight machines installed on
ambulances. United Kingdom trial schemes fitted ambulances with portable X-ray machines, allowing on-
scene fracture diagnosis of 70% of patients with an attendant reduction of avoidable hospital transfers
(Clark & Patel, 2021). New portable CT scanners like the BodyTom have been trialed on air ambulances as
a tool for assessing a stroke, with an 85% capability of diagnosing an ischemic stroke (Harris & Patel, 2023).
Use is limited, however, by equipment cost and paramedic training needs (Khan et al., 2023).

6. Advantages of Portable Imaging

Portable imaging modalities hold an enormous potential in emergency and rural settings, transforming
healthcare delivery in terms of enhanced accessibility, timeliness, affordability, and improved patient
outcomes. Portable imaging technology brings diagnostic services to underserved and remote areas,
plugging gaps in the health infrastructure. In LMICs, where 80% of the population lacks access to imaging
facilities, handheld ultrasound and portable X-ray machines enable diagnoses in rural health facilities and
mobile health units (Zhang & Lee, 2022). A rural Ugandan project used the Butterfly iQ to scan 1,000
patients for cardiac disease, bringing service to communities 100 kilometers from the nearest hospital
(Martin & Patel, 2022). This access reduces the cost of traveling, which costs families up to $50 per visit in
transportation and lost wages (Evans & Brown, 2023).

Bedside real-time imaging with portable equipment also increases clinical decision-making speed during
emergencies. POCUS, for instance, allows trauma physicians to establish an internal bleeding diagnosis
within 5 minutes, compared with 30 minutes through traditional imaging (Walker et al., 2022). Portable X-
ray machines facilitate triaging during disasters within 10 minutes of patient arrival, with high-priority
cases taking precedence (Gordon & Lee, 2021). This speed is especially critical during the "golden hour,"
where prompt intervention can increase chances of survival by 20% (Harris & Singh, 2021).
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Portable imaging technology reduces infrastructural and operational costs compared with its traditional
counterparts. The handheld ultrasound devices cost $2,000-$6,000, which is part of the $50,000-$100,000
budget for conventional systems, and are, as such, budget-friendly in low-resource settings (Brown &
Wilson, 2021). The $100,000 cost of mobile x-ray eliminates the need for dedicated radiology suites and
saves $500,000 on construction costs (Kumar et al., 2021). Healthcare costs reduced by 40% with local
imaging have been reported in an Indian rural study (Evans & Brown, 2023).

With early diagnosis and intervention, portable imaging optimizes patient outcomes during emergent
situations. In trauma situations, meta-analysis revealed 15% of increased patient survival with the use of
POCUS on cases of internal hemorrhage (Davis et al., 2023). In rural admissions, portable X-ray machines
lowered 15% of pneumonia-related mortality by promoting early administration of antibiotics (Kumar et
al,, 2021). These improvements demonstrate portable imaging as a tool that can save lives during life-
threatening situations (Taylor & Patel, 2023).

7. Challenges and Limitations

While they have advantages, portable image tools encounter various challenges that need to be overcome
to achieve maximum effect.

Portable devices compromise on resolution at the cost of portability, and this comes at the expense of
diagnostic quality. Hand-held ultrasound devices, as an example, have lower image resolution than cart-
based devices, with their diagnostic accuracy lowered by 10% for complex disorders like deep vein
thrombosis (White & Nguyen, 2021). Mobile X-ray machines suffer equally with such limitations, with
compromised fields-of-view compromising their use for comprehensive skeletal assessments (Patel et al.,
2023). Al-based denoising algorithms are under development to overcome such limitations, with image
clarity boosted by 20% (Zhang et al., 2024).

The performance of point-of-care imaging is operator-dependent, with low proficiency rates in settings
with limited resources. It has been proven that untrained operators have a diagnostic accuracy of 70% with
POCUS, as compared with 95% with trained clinicians (Hayes & Patel, 2022). Accuracy has been proven
enhanced by 25% following two-week midwife training, yet within LMICs, it is harder to scale these sorts
of programs due to cost and accessibility concerns (Carter & Lee, 2021).

Standardization and privacy of information are relevant concerns for mobile imaging. Approval for mobile
devices is inconsistent from country to country, hindering adoption in some countries (Jackson & Smith,
2023). Information streamed into telemedicine interfaces must comply with laws like HIPAA and GDPR, and
end-to-end encryption to avoid any leakage of data (Brown et al., 2023). Ethical concerns vary from
excessive reliance on Al diagnostics with risks of misdiagnosis (Wilson & Smith, 2023).

Power and internet connectivity problems are a barrier to rural and emergency point-of-care imaging.
Handheld ultrasound machines must maintain 2-3 hours of battery life, which means frequent recharging
where power is insecure (Nguyen & Clark, 2023). Tele-radiology is dependent on internet reliability, but
60% of LMICs' rural clinics lack reliable connections (Smith & Jones, 2022). Solar charging and offline Al
algorithms are possible remedies, but they remain limited (Evans & Brown, 2023).

8. Integration with Telemedicine and Al

The confluence of hand-held and portable imaging machines with telemedicine and artificial intelligence
(AI) has revolutionized their use in emergencies and rural settings. These technologies address the major
challenges of the absence of radiologists and the need for immediate diagnosis by facilitating remote
reading and computer-based interpretation. Tele-radiology connects hand-held imaging machines to
radiologists all over the world, and Al algorithms provide real-time decision-making assistance, promoting
diagnostic accuracy and availability in low-resource settings (Adams et al., 2019).

Tele-radiology relies on cloud-based systems and wireless communication capability to enable remote
interpretation of images obtained by portable devices, bridging specialist radiologists with underserved
regions. Portable devices like Philips Lumify and Butterfly iQ transmit ultrasound and X-ray images to
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cloud-based Picture Archiving and Communication Systems (PACS), from which a real-time diagnosis is
established thousands of miles away (Adams et al., 2019). The capability is particularly beneficial in low-
and middle-income countries (LMICs), whose populations struggle with a shortage of radiologists—only
one per 100,000 persons exists in Sub-Saharan Africa, for instance, compared with 10 per 100,000 within
high-income countries (Mollura & Lungren, 2018). In rural Africa, tele-radiology has reduced delays in
diagnosing by 40%, enabling early intervention with tuberculosis and pneumonia (Smith & Jones, 2022). A
rural-Tanzania study proved tele-radiology integration with portable X-ray systems reduced time to
tuberculosis diagnosis from 10 days to 2 hours, with an improved initiation of treatment of 35% (Fisher &
Khan, 2020). In crisis events, tele-radiology supports the management of mass casualties. During the 2023
Turkey-Syria earthquake, tele-radiology-enabled X-ray ambulances assisted Istanbul radiologists in
interpreting images taken within disaster areas, triaging surgery within 6 hours for 80% of trauma patients
(Gordon & Lee, 2021).

Cloud-based PACS-enabled handheld ultrasound machines in rural India helped urban obstetricians guide
midwives in diagnosing fetal anomalies, and therefore a 30% decrease in perinatal complications (Patel &
Lee, 2021). Patient confidentiality is protected through encrypted data storage, aiding in compliance with
laws and regulations such as the Health Insurance Portability and Accountability Act (HIPAA), and the
General Data Protection Regulation (GDPR) (Brown et al.,, 2023). Although brilliant, tele-radiology has
tremendous barriers to overcome in lower middle-income countries (LMIC) where cloud- or internet-
based tele-radiology is limited, especially in rural communities without even good cellular or broadband
internet service. In an analysis of rural health centers, 60% of LMIC lacked good high-speed internet, which
limited the time-sensitive transmittal of radiological images (Smith and Jones, 2022). In rural Ethiopia,43%
of patients experienced a delay in diagnosis of up to 24 hours because of poor internet connectivity. Robust,
available infrastructure is paramount (Kumar et al,, 2021). Tele-radiology dependency on bandwidth is
further challenged by staggering prices. Rural health systems may pay upwards of $200-$500 for a monthly
data plan for each tele-radiology device (Nguyen & Clark, 2023). So, for already resource-constrained health
systems, there may be limited funding for tele-radiology. Overlapping these impediments, innovations such
as low-bandwidth algorithms of image compression and internet connectivity through satellites are under
investigation, with Uganda pilots showing a 50% reduction of data costs (Evans & Brown, 2023).

Training health professionals on optimizing image acquisition within tele-radiology increases diagnostic
yield as suboptimal images reduce the reliability of interpretation by 20% (Hayes & Patel, 2022). The
integration of tele-radiology with portable imaging also enables collaborative care models. In rural Peru,
community health workers use handheld ultrasound machines to send images via WhatsApp-based
telemedicine platforms to radiologists for real-time consultation of cardiac and obstetric cases (Carter &
Lee, 2021). These platforms have expanded access to specialist expertise by 70% in areas without onsite
radiologists (Martin & Patel, 2022). There are still ethical challenges to tele-radiology services, including
fair access to services and the protection of patient information at the time of file transfer, that are still in
the policy development process (Jackson & Smith, 2023). The full potential of tele-radiology, particularly in
resource-poor areas, will require infrastructure investment and training.

Al algorithms are also advancing point-of-care imaging (POC) by automating image analysis, improving
diagnostic accuracy, and minimizing the need for specialist opinion in low-resource settings. Al-enabled
ultrasound scanners included in devices such as the Butterfly iQ and Clarius HD3 (self-dubbed "wherever
ultrasound") provide real-time decision support to non-specialist sonographer users and are advantageous
inrural and emergency environments (Zhang etal., 2024). Points-of-care ultrasound (POCUS) Al algorithms
can support clinical decisions, rather than decision-making on their own. POCUS Al algorithms can detect
pneumothorax with 92% sensitivity, allowing emergency physicians to provide a timely diagnosis of a
potentially fatal condition within minutes (Wilson & Smith, 2023). Al-enabled x-ray analysis has identified
tuberculosis, with 90% sensitivity and 85% specificity, saving 60% in radiologist consults in rural clinics in
South Africa (Harris & Patel, 2023). These algorithms analyze imaging data for patterns, such as lung
nodules or cardiac abnormalities, and provide probabilistic diagnoses, enabling minimally trained
healthcare providers to make informed decisions (Davis & Patel, 2022).
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Portable imaging applications extend as well into maternal and fetal health. Al-powered ultrasound
machines automatically measure fetal biometrics such as head circumference and femur length with 95%
accuracy, supporting rural Bangladesh midwives' detection of high-risk pregnancy (Carter & Brown, 2023).
In rural Kenya, Al-powered ultrasound reduced obstetric error rates by 25%, a correlate of a 20% reduction
in perinatal mortality (Adams & Clark, 2021). In trauma settings, Al algorithms deployed on portable CT
scanners such as the CereTom detect intracranial hemorrhage with 88% sensitivity, supporting decision-
making on rapid surgery within emergency rooms (Green et al., 2020). These applications have pervasive
effects within LMICs, where only 5% of health centers have trained radiologists with access (Mollura &
Lungren, 2018).

Al improves workflow productivity through high-priority findings triaging. E.g., computer-aided triaging
systems on portable X-ray machines mark abnormal chest images for rapid review, reducing radiologist
workload by 40% in high-volume settings like disaster relief (Gordon & Lee, 2021). A rural India Pilot, early
on, had an Al-augmented review of X-ray that reduced diagnostic turnaround time by 50%, with patients
with pneumonias given earlier treatment (Kumar et al.,, 2021). Al algorithms are even being trained offline,
focusing on connectivity-impaired rural environments.

Offline Al models through a rural Malawi study retained 90% diagnostic accuracy, helping internet-free
clinic settings (Zhang & Lee, 2022). Despite their promise, Al-aided diagnostics come with a series of
concerns. Algorithmic bias, due to training data sets with non-heterogeneous populations, can reduce
accuracy outside Western settings by as much as 15% (Harris & Patel, 2023). An example would be an Al
algorithm based on North American chest X-rays diagnosing 20% of African patients with tuberculosis
incorrectly because of differences in presentation of the disease (Wilson & Smith, 2023). Cross-validation
based on heterogeneous populations is central to an equitable performance, though a mere 10% of Al
models deployed for use with images have been properly validated within LMICs (Jackson & Smith, 2023).
In addition, integrating Al into portable devices requires a lot of computational power, which compromises
battery life and increases device cost by 20% (Nguyen & Clark, 2023). Complete dependence on Al also has
ethical consequences, with non-clinicians relying on algorithms and neglecting clinical judgment and
missing on misdiagnosis of subtle situations (Brown et al., 2023). To bridge these disparities, researchers
design lightweight Al models optimized for low-power devices, reducing energy consumption by 30%
(Zhang et al., 2024).

Multi-stakeholder efforts, such as the World Health Organization’s Al for Health initiative, also aim to
standardize Al validation protocols so findings can be generalized to global populations (Davis & Khan,
2022). Education on Al application and clinical decision-making competency is also a requirement, with
evidence showing hybrid training increases diagnostic accuracy by 25% in non-experts (Hayes & Patel,
2022). With the progression of Al technology, it is only a matter of time before its combination with portable
imaging will be a key factor to increase diagnostic reach into low-resourced settings, assuming ethical and
technical challenges can be addressed.

9. Conclusion

Portable and handheld imaging technologies, together with telemedicine and Al, have created a paradigm
shift in point-of-care diagnostics and have transformed healthcare delivery, particularly in emergency and
rural locations. Handheld ultrasound, mobile X-ray, and next-generation portable MRI and CT have filled
significant gaps related to speed, accessibility, and accuracy, decreasing the time to first diagnosis by as
much as 40% and improving patient outcomes by 15-20% in emergency situations, such as trauma and
tuberculosis. Tele-radiology enables experts to provide opinions in real time against potentially life-
threatening conditions, and Al algorithms will provide automated diagnoses to non-experts with up to 92%
accuracy in diagnosing potentially life-threatening conditions. Experience from various case studies in
LMICs and conflict areas has demonstrated issues of scalability, but connectivity, algorithm biases (e.g.,
gender, ethnicity, etc.) and user training must be addressed. Next-generation low-bandwidth technologies,
together with multi-diverse Al validations, will reach untapped target markets. Unleashing this potential
will require investments in training, infrastructure, and developmental country-friendly policy frameworks,
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so the technologies fully close gaps in global healthcare. When combined with the emphasis on accessibility
and integration, imaging applications in handheld formats have the potential to reconfigure global health
and save tens of thousands of lives in low-resource environments.
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