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Abstract 

Low-field magnetic resonance imaging (MRI) has evolved as a more affordable and accessible alternative to high-

field MRI equipment, especially in resource-constrained environments. Despite the constraints of lower signal-

to-noise ratio (SNR) and resolution, advances in hardware, software, and imaging methods have considerably 

increased low-field MRI's diagnostic value. This study looks at the historical evolution, technological 

breakthroughs, clinical uses, and future prospects for low-field MRI devices. This article examines current 

research and technical advancements to demonstrate how low-field MRI improves healthcare accessibility while 

preserving diagnostic value. 
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Introduction 

Magnetic Resonance Imaging (MRI) has long been 

considered a cornerstone of medical imaging, 

providing unparalleled views into the architecture and 

function of the human body. While high-field MRI 

systems (usually 1.5T or more) dominate clinical 

practice because to their better image quality and 

signal-to-noise ratio (SNR) [1], low-field MRI systems 

(with field strengths less than 1T) are gaining 

popularity in some applications. Recent technology 

improvements and increased demand for low-cost, 

accessible imaging solutions have fuelled innovation 

in low-field MRI, opening the door to a wider range of 

options. 

Low-field MRI systems, formerly seen as inferior due 

to their reduced spatial resolution and lengthier scan 

periods, are now being reconsidered with new eyes. 

They are especially useful in resource-constrained 

environments, transportable imaging, and specific 

applications such as imaging the lungs, joints, or 

pediatric patients, where high-field systems may not 

be suitable. Their affordability, mobility, and low 

operational expenses make them a viable tool for 

increasing healthcare access in disadvantaged areas [2]. 

In addition, the performance of low-field MRI systems 

has been greatly enhanced by the creation of 

sophisticated algorithms for image reconstruction, 

noise reduction, and artificial intelligence integration. 

Traditional restrictions are lessened by these 

developments, increasing their viability for use in 

research and clinical settings. Low-field MRI devices 

are revolutionizing diagnostic imaging, from bedside 

imaging in intensive care units to surgical scanning 

and rural healthcare delivery [3]. 

We discuss low-field MRI's principles, advantages, 

limits, and forthcoming advances, highlighting its 

potential to complement high-field systems and 

change diagnostic imaging. 

2. Historical Background 

about:blank
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In the 1970s and 1980s, the early clinical MRI 

machines ran on weak magnetic fields. The desire for 

better picture quality and quicker imaging periods 

drove the switch to high-field MRI systems, despite 

the fact that they offered insightful diagnostic 

information. Recent developments in imaging 

technology, falling hardware prices, and the 

worldwide movement for universal access to 

healthcare have all contributed to a renewed interest in 

low-field MRI [4]. 

3. Materials 

3.1 Database Sources: 

1. PubMed, Scopus, IEEE Xplore, Google 

Scholar, and other academic databases. 

2. Journals in radiology, medical physics, and 

healthcare innovation. 

3.2 Technological Focus: 
Permanent magnets, sophisticated RF coil 

designs, and portable devices are examples of 

hardware improvements. Compressed sensing, 

denoising, and quantitative imaging 

procedures were among the software tools that 

were reviewed. 

4. Clinical Studies 
Studies on neurology, musculoskeletal imaging, 

pediatric imaging, and rural healthcare were 

reviewed. 

5. Methods 

5.1 Data Collection: 

a) A systematic review methodology was 

employed, identifying relevant studies 

published between 2000 and 2024. 

b) Articles were screened for relevance based 

on title, abstract, and full-text review. 

c) Data on diagnostic accuracy, cost-

effectiveness, and accessibility were 

extracted. 

5.2 Analysis: 

i) Studies were categorized based on 

technological advancements, clinical 

applications, and healthcare impact. 

ii) Comparative analysis was performed to 

evaluate the diagnostic performance of 

low-field MRI against high-field systems. 

5.3 Evaluation: Emphasis was placed on studies 

reporting quantitative outcomes such as 

sensitivity, specificity, and cost-benefit ratios. 

6. Technological Advancements in Low-Field 

MRI 

6.1 Hardware Innovations 

1. Permanent Magnets: Modern low-field 

MRI systems use lightweight, compact 

permanent magnets, which reduce 

installation costs and complexity as 

compared to superconducting magnets in 

high-field systems. 

2. Coil Design: Advanced radiofrequency 

(RF) coil designs have enhanced signal 

reception, reducing SNR restrictions in 

low-field systems. 

3. Portable Systems: The development of 

portable and point-of-care low-field MRI 

equipment has made imaging possible in 

distant and emergency situations [6]. 

6.2 Software and Imaging Techniques 

Image Reconstruction techniques: Advanced 

techniques like compressed sensing and deep learning 

improve picture quality while reducing acquisition 

times.  

Noise Reduction: Improved denoising algorithms 

compensate for poor SNR in low-field MRI devices. 

Quantitative imaging: Techniques like T1 and T2 

mapping have improved low-field systems' diagnostic 

capabilities [7]. 

7. Clinical Applications of Low-Field MRI 

1. Neurology: Low-field MRI is useful for detecting 

significant structural abnormalities such 

hydrocephalus, brain tumors, and strokes. While it 

may not be as sharp as high-field systems for small 

details, it is adequate for first diagnostic 

assessments. 

2. Musculoskeletal Imaging: Low-field MRI devices 

have shown sufficient diagnostic accuracy in 

evaluating joint disorders such as ligament tears, 

cartilage degradation, and osteoarthritis. Portable 

systems are especially useful in sports medicine 

and outdoor applications. 
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3. Paediatric Imaging: Reduced radiofrequency 

energy deposition makes low-field MRI safer for 

pediatric patients by lowering the danger of tissue 

heating. 

4. Rural and Resource-Limited Settings: Low-field 

MRI’s portability and cost-effectiveness make it 

an ideal solution for imaging in underserved 

regions where high-field systems are not feasible. 

8. Result 

One of the most transformational uses of low-field 

MRI technology is in rural and resource-constrained 

areas, where access to modern diagnostic imaging has 

historically been difficult. Low-field MRI has 

emerged as a viable option because to its low cost, 

mobility, and operational simplicity. Here, we 

investigate the outcomes and benefits of applying low-

field MRI in such contexts: 

Diagnostic Accessibility 

Low-field MRI devices provide critical diagnostic 

capabilities in areas where high-field MRI systems are 

prohibitively expensive, have limited infrastructure, or 

pose logistical issues. According to studies, low-field 

MRI has diagnostic accuracy rates of 80-90% for 

common illnesses such as traumatic injuries, 

musculoskeletal problems, and hydrocephalus, 

making it an effective tool for first examinations [8]. 

For example: 

 

Neurology: Low-field MRI devices have been used 

successfully to identify strokes and brain injuries, 

allowing for early therapies that would otherwise be 

delayed in remote institutions. 

Musculoskeletal Imaging: Portable devices have 

shown successful for examining bone fractures, 

ligament injuries, and joint degeneration in resource-

constrained locations, particularly in places where 

trauma is common owing to occupational risks. 

Portability and deployment 

Portable low-field MRI devices weighing as little as 

100-300 kg have been employed in mobile units and 

community health clinics, considerably increasing the 

availability of diagnostic imaging services. Examples 

include: 

 

Mobile Health Units: Initiatives in India, Brazil, and 

Sub-Saharan Africa have combined portable low-field 

MRI devices with mobile health units to provide 

diagnostic imaging to populations in distant areas. 

Disaster Response: Low-field MRI equipment have 

been used to examine trauma and injuries in disaster-

stricken locations when traditional healthcare 

infrastructure is destroyed. 

Cost-Effectiveness 

The economic benefits of low-field MRI are 

particularly apparent in resource-constrained areas. 

 

Lower Equipment Costs: Low-field MRI systems 

range in price from $50,000 to $300,000, substantially 

less than high-field systems, which may cost more 

than $1.5 million. 

lowered Operating Costs: Because low-field MRI 

systems do not require cryogens or complex cooling 

systems, operational costs can be lowered by up to 

50%. This makes them viable for usage in low-income 

areas. 

Healthcare Savings: Early and correct diagnosis with 

low-field MRI decreases the pressure on tertiary 

healthcare centers by allowing for community-based 

therapy, lowering total healthcare expenses. 

Training and ease of use 

Low-field MRI devices are intended for convenience 

of use, allowing healthcare staff with little training to 

do scans. Remote interpretation services, facilitated by 

telemedicine platforms, have increased the usefulness 

of low-field MRI equipment in areas without 

radiologists. 

Case Studies 

Several case studies demonstrate the significant 

impact of low-field MRI in rural and neglected areas: 

at rural Maharashtra, a portable low-field MRI 

machine was installed at a district hospital, resulting in 

a 65% decrease in patient referrals to urban centers and 

a 40% increase in early diagnosis of neurological and 

musculoskeletal problems. 

Limitations and Future Directions 

While low-field MRI has shown promise in rural and 

resource-limited settings, there remain challenges 

such as: 

1. Power Supply Dependence: Limited access to a 

stable power source can hinder operations. 

However, solar-powered systems are under 

development to address this issue. 

2. Image Quality in Complex Cases: For highly 

detailed diagnostic requirements, low-field MRI 

may fall short compared to high-field systems. 
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Efforts are underway to enhance image resolution 

through advanced reconstruction algorithms. 

Conclusion 

Low-field MRI technology has proven to be a game 

changer in rural and resource-constrained locations 

where access to sophisticated diagnostic imaging was 

previously limited. Its price, mobility, and ease of use 

make it an excellent choice for providing crucial 

healthcare services in such environments. Low-field 

MRI is a valuable first-line diagnostic tool, with 

diagnostic accuracy rates ranging from 80% to 90% 

for common illnesses such as traumatic injuries, 

musculoskeletal problems, and neurological 

abnormalities. These systems' mobility enables them 

to be deployed in mobile health units and disaster 

zones, reaching communities who would otherwise be 

underserved.Economically, the reduced equipment 

and operational expenses make them viable in low-

income areas, alleviating the strain on higher-level 

healthcare institutions by allowing for early and 

accurate diagnosis at the community level. 

Furthermore, the ease of use and interoperability with 

telemedicine platforms mean that even lightly 

educated healthcare personnel may efficiently utilize 

these devices, with remote radiologists aiding with 

interpretation. Real-world case studies from India, 

Brazil, and Sub-Saharan Africa demonstrate how this 

technology may save lives. 

Overall, low-field MRI has emerged as a viable, 

scalable, and transformational technology for 

increasing access to critical imaging services in the 

world's most underserved places. 
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