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INTRODUCTION 
 

Medical imaging has long been a cornerstone of modern diagnostics, enabling clinicians to noninvasively 

visualize internal anatomy, detect pathological changes, guide interventions, and monitor treatment response. 
[1] The increasing complexity and volume of imaging studies coupled with rising demands for rapid, accurate 

interpretation have placed growing pressure on radiology services worldwide. [2] In recent years, the emergence 

of artificial intelligence (AI) has promised to transform this landscape, offering powerful tools to augment 

human expertise, streamline workflows, and potentially improve patient outcomes. [3] Over the last decade, 

advances in computational power, access to large digitized imaging datasets, and the development of 

sophisticated algorithms have accelerated the adoption of AI in medical imaging. [4] What began as early 

computer-aided detection (CAD) systems in radiology has evolved significantly. Traditional CAD, which 
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nature of deep learning models, data privacy concerns, regulatory ambiguities, 

and infrastructure constraints. Recent approaches such as explainable AI, 
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relied on manually crafted rules, often suffered from 

limited accuracy and high false-positive rates. [5] The 

advent of machine learning (ML) and, more recently, deep 

learning (DL) especially convolutional neural networks 

(CNNs), has markedly improved the ability to interpret 

complex image features, recognize subtle patterns, and 

automate tasks that were laborious or prone to inter-

observer variability. [6] These AI-driven methodologies 

have been applied across multiple imaging modalities, 

including Xray, computed tomography (CT), magnetic 

resonance imaging (MRI), ultrasound, and positron 

emission tomography (PET) enabling applications ranging 

from anomaly detection and segmentation to 

reconstruction, image enhancement, and quantitative 

analysis. [7]  

 

In parallel, non-interpretative AI tools, such as those using 

natural language processing (NLP), are being developed to 

assist with report generation, triage, prioritization, and 

workflow management, thereby addressing increasing 

workload and reducing turnaround times. [8] As AI tools 

mature, the role of the radiologist is shifting not being 

replaced, but augmented. The synergy of human expertise 

and AI assistance has been shown to improve diagnostic 

accuracy, reduce errors, and free radiologists to focus on 

more complex cases requiring judgment and clinical 

context. [9] However, despite technical progress, clinical 

integration of AI remains challenged by issues such as 

variability in data quality, generalizability across different 

scanners and patient populations, “black-box” opacity of 

deep models, regulatory and medico-legal uncertainties, 

and the need for user acceptance and trust. [10] Given this 

backdrop, a comprehensive review of current AI 

developments in medical imaging covering technological 

foundations, real-world clinical applications, and existing 

limitations is timely and important. This review aims to 

synthesize recent advances, discuss current clinical 

implementations, highlight ongoing challenges, and 

project future directions for AI in medical imaging. By 

doing so, it provides a resource for radiologists, 

technologists, and researchers to understand both the 

potential and the caveats of integrating AI into everyday 

clinical practice. 

 

RESULTS AND DISCUSSION 

 

The reviewed literature demonstrates that artificial 

intelligence (AI), particularly machine learning (ML) and 

deep learning (DL), has achieved remarkable progress 

across multiple medical imaging modalities, including 

radiography, computed tomography (CT), magnetic 

resonance imaging (MRI), ultrasound, and nuclear 

medicine. Most studies reported that AI-based algorithms 

significantly improve image segmentation, lesion 

detection, disease classification, image reconstruction, and 

quantitative image analysis compared with conventional 

computer-assisted approaches. Deep learning 

architectures, especially convolutional neural networks 

(CNNs), Vision Transformers (ViTs), and hybrid models, 

consistently exhibited superior diagnostic performance 

with high sensitivity, specificity, and area under the 

receiver operating characteristic curve (AUC), making AI 

an effective decision-support tool for radiologists. [11-14] 

 

Despite these encouraging outcomes, the review identified 

several important limitations that continue to hinder 

widespread clinical implementation. One of the most 

frequently reported challenges is the limited diversity and 

quality of training datasets. Many AI models have been 

developed using retrospective data obtained from single 

institutions or homogeneous patient populations, reducing 

their external validity and limiting their ability to 

generalize across different healthcare settings, imaging 

protocols, scanner manufacturers, and patient 

demographics. The dependence on manually annotated 

datasets further introduces observer variability and 

increases the likelihood of algorithmic bias, potentially 

affecting diagnostic equity and fairness across diverse 

populations. Another major finding is the persistent 

challenge of explainability. Although deep learning models 

achieve excellent diagnostic accuracy, many operate as 

"black-box" systems with limited transparency regarding 

their decision-making processes. This lack of 

interpretability reduces clinician confidence, particularly 

in high-risk clinical scenarios such as oncology, 

neuroimaging, and cardiovascular imaging where 

diagnostic decisions have significant therapeutic 

implications. [15-20] Recent developments in Explainable 

Artificial Intelligence (XAI), including attention maps, 

saliency visualization, and feature attribution methods, 

have shown promise in improving model transparency; 

however, further validation is required before these 

approaches become routine components of clinical 

practice. [21] 

 

The review also highlights important ethical, legal, and 

regulatory concerns associated with AI implementation. 

Data privacy, patient consent, ownership of imaging 

datasets, cybersecurity, and medico-legal liability remain 

major barriers to clinical adoption. Although data 

anonymization techniques have improved, the possibility 

of patient re-identification and uncertainty regarding 

responsibility for AI-assisted diagnostic errors continue to 

present significant regulatory challenges. Consequently, 

robust governance frameworks and internationally 

harmonized regulatory guidelines are essential for ensuring 

safe and ethical deployment of AI technologies. [22] 

 

Workflow integration represents another critical 

determinant of successful implementation. Effective 

incorporation of AI into radiology requires seamless 

compatibility with Picture Archiving and Communication 

Systems (PACS), Radiology Information Systems (RIS), 

and existing reporting workflows. Institutions with limited 

computational infrastructure, particularly in low- and 

middle-income countries, may experience difficulties 

implementing advanced AI platforms because of hardware 

limitations, software compatibility, financial constraints, 

and insufficient technical expertise. Therefore, institutional 

readiness, appropriate infrastructure, and continuous  
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technical support are fundamental prerequisites for 

successful AI deployment. The literature further indicates 

that excessive dependence on automated systems could 

potentially reduce radiologists' diagnostic reasoning and 

interpretative skills over time. Most authors therefore 

advocate maintaining AI as an assistive technology rather 

than a replacement for clinical expertise. Human oversight 

remains indispensable for correlating imaging findings 

with clinical history, laboratory investigations, and 

multidisciplinary decision-making, particularly in complex 

or atypical cases where contextual interpretation is 

essential.  

 

Encouragingly, several emerging strategies have been 

proposed to address these limitations. Federated learning 

enables collaborative model development across multiple 

institutions without transferring sensitive patient data, 

thereby improving model generalizability while preserving 

privacy. Similarly, Explainable AI frameworks, 

prospective multicenter validation studies, standardized 

reporting guidelines, and continuous post-deployment 

performance monitoring are expected to improve the 

reliability, transparency, and clinical acceptance of AI 

systems. International initiatives such as the FUTURE-AI 

framework further emphasize fairness, robustness, 

transparency, usability, traceability, and ethical 

governance as essential principles for trustworthy AI 

implementation in medical imaging. 

 

Overall, the available evidence indicates that AI possesses 

enormous potential to transform diagnostic radiology by 

improving diagnostic performance, reducing reporting 

time, optimizing workflow efficiency, and supporting 

precision medicine. Nevertheless, successful translation 

from research to routine clinical practice will depend upon 

overcoming challenges related to data quality, model 

interpretability, ethical governance, regulatory 

compliance, infrastructure development, and clinician 

education. Continued collaboration among radiologists, 

computer scientists, engineers, healthcare institutions, 

regulators, and policymakers will be essential to ensure 

that AI serves as a reliable complement to human expertise 

while maintaining patient safety and high standards of 

clinical care. 

 

CONCLUSION 

 

Artificial intelligence has emerged as a transformative 

technology in medical imaging, demonstrating substantial 

improvements in diagnostic accuracy, workflow 

efficiency, and quantitative image analysis across multiple 

imaging modalities. However, challenges related to dataset 

diversity, model interpretability, ethical and legal 

considerations, regulatory approval, and clinical 

integration continue to limit widespread adoption. 

Addressing these issues through standardized datasets, 

explainable AI, multicenter validation, robust governance 

frameworks, and continuous professional training will be 

essential for the safe and effective implementation of AI. 

With responsible development and appropriate human 

oversight, AI is expected to become an indispensable  

 

decision-support tool that enhances radiologists' expertise 

and advances precision healthcare. 
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