
Journal of Neonatal Surgery 

ISSN(Online): 2226-0439 
Vol. 14, Issue 10s (2025) 
https://www.jneonatalsurg.com 

 

 

   

pg. 394 

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 10s 

 

AI-Driven Radiomics: Revolutionizing Early Detection of Subclinical Pathologies in Multi-

Modality Imaging 

2 

Manar Abdulrahman Alhusaini1, Anwar Ali Alahmari2, Asma Sulaiman Aldubayyan3, Alaa Fouad 

Ahmed Alghamdi4, Wafa Bohi Alabdely5, Kholoud Saeed Aljarrah6, Manar Ali Faqihi7 

1Radiology Technician, Prince Sultan Military Medical City 
2Radiographer, Prince Sultan Military Medical City 
3Senior Ultrasonographer , Prince Sultan Military Medical City 
4Radiographer, Prince Sultan Military Medical City 
5Radiology Technician, Prince Sultan Military Medical City 
6Dept. Sup - Ultrasound Training, Prince Sultan Military Medical City 
7Radiology Technician,Prince Sultan Military Medical City 
 

00Cite this paper as: Manar Abdulrahman Alhusaini, Anwar Ali Alahmari, Asma Sulaiman Aldubayyan, Alaa Fouad Ahmed 

Alghamdi, Wafa Bohi Alabdely, Kholoud Saeed Aljarrah, Manar Ali Faqihi, (2025) AI-Driven Radiomics: Revolutionizing 

Early Detection of Subclinical Pathologies in Multi-Modality Imaging. Journal of Neonatal Surgery, 14 (10s), 394-400. 

ABSTRACT 

Artificial Intelligence (AI)-driven radiomics is transforming the landscape of medical imaging by providing advanced tools 

for early detection of subclinical pathologies. By extracting vast amounts of imaging data and analyzing high-dimensional 

radiomic features, AI enhances diagnostic precision across multiple imaging modalities, including X-ray, CT, MRI, and 

ultrasound. The application of AI-driven radiomics has significant implications in radiological sciences, radiological 

technology—especially ultrasound—and ultrasound training programs. This review explores the role of AI-powered 

radiomics in multi-modality imaging, focusing on its ability to detect diseases at subclinical stages, optimize diagnostic 

workflows, and enhance training methodologies. The integration of AI with radiomics offers unprecedented opportunities 

for improving healthcare outcomes, yet it also presents challenges such as data standardization, regulatory hurdles, and model 

interpretability. This article provides an in-depth examination of AI-driven radiomics, its applications, benefits, and future 

directions in precision medicine and medical imaging. 
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1. INTRODUCTION 

Medical imaging has undergone a remarkable transformation with the integration of artificial intelligence (AI), significantly 

enhancing diagnostic accuracy and efficiency. Among the most innovative advancements in this domain is AI-driven 

radiomics, a cutting-edge technology that extracts high-dimensional quantitative features from medical images to detect, 

classify, and predict diseases at an unprecedented level of precision. Unlike traditional imaging analysis, which relies heavily 

on human interpretation, AI-powered radiomics utilizes machine learning (ML) and deep learning (DL) algorithms to identify 

subtle patterns and imaging biomarkers that may be imperceptible to the human eye (1). 

A major breakthrough in radiomics is its ability to detect subclinical pathologies—diseases in their earliest stages, before 

they present noticeable symptoms. This is particularly significant in conditions such as cancer, cardiovascular diseases, 

neurodegenerative disorders, and inflammatory conditions, where early detection can drastically improve patient outcomes. 

By leveraging multi-modality imaging, AI-driven radiomics enhances the sensitivity and specificity of diagnostic tools across 

X-ray, CT, MRI, and ultrasound imaging (2). 

Among the various fields within medical imaging, radiological sciences, radiological technology—specifically 

ultrasound, and ultrasound training programs stand to gain substantial benefits from AI-driven radiomics. In radiological 

sciences, AI is refining the workflow of radiologists by automating routine tasks such as image segmentation, anomaly 

detection, and disease classification. In radiological technology—ultrasound, AI is improving image quality, reducing 

operator dependency, and enhancing real-time decision-making in critical diagnostic scenarios. Furthermore, AI is 

revolutionizing ultrasound training programs by providing intelligent, real-time guidance to trainees, ensuring they  
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develop the skills required to perform accurate imaging assessments with minimal variability (3). 

1.1. The Role of AI in Revolutionizing Medical Imaging 

The traditional approach to radiological diagnosis depends largely on subjective interpretation by radiologists and imaging 

technologists. This method, while highly effective, is prone to inter-observer variability, inconsistencies, and human fatigue. 

Moreover, the growing demand for medical imaging in an aging global population has led to an overwhelming workload for 

radiologists, increasing the risk of diagnostic errors. AI-driven radiomics addresses these challenges by automating complex 

imaging tasks, allowing for more consistent and precise diagnoses (4). 

AI models are capable of: (4). 

• Extracting high-dimensional radiomic features beyond human perception. 

• Standardizing image interpretation to minimize diagnostic variability. 

• Enhancing efficiency by automating segmentation, lesion detection, and pattern recognition. 

• Predicting disease outcomes using machine learning algorithms trained on large datasets. 

By integrating AI into radiomics, researchers and clinicians can correlate imaging features with clinical data, providing a 

holistic approach to disease characterization and personalized treatment planning (1). 

1.2. AI-Driven Radiomics in Multi-Modality Imaging 

AI-driven radiomics is particularly powerful in multi-modality imaging, where different imaging techniques are combined 

to provide comprehensive diagnostic insights. The integration of AI into X-ray, CT, MRI, and ultrasound imaging has led to 

groundbreaking advancements: (5). 

• X-ray and CT: AI assists in the detection of lung nodules, fractures, and cardiovascular abnormalities by analyzing 

subtle variations in grayscale intensity. 

• MRI: AI-driven radiomics enhances tissue characterization in neuroimaging, musculoskeletal imaging, and oncology, 

improving early detection of brain tumors and spinal cord disorders. 

• Ultrasound: AI improves real-time ultrasound interpretation, aiding in the identification of fetal abnormalities, liver 

fibrosis, and thyroid nodules with enhanced precision. 

Among these, ultrasound imaging is one of the most dynamic fields for AI-driven radiomics, given its widespread use in 

point-of-care diagnostics and real-time imaging assessments. AI-powered ultrasound systems are significantly improving 

diagnostic accuracy while reducing dependence on operator expertise, making ultrasound more accessible and reliable in 

diverse clinical settings (6). 

1.3. AI-Driven Radiomics in Radiological Sciences and Ultrasound Training 

Beyond direct applications in diagnostic imaging, AI-driven radiomics is also transforming medical education and training. 

In radiological sciences, AI-powered tools are used to analyze large-scale datasets, identifying emerging disease trends and 

improving early detection models. This is particularly important in the era of precision medicine, where early diagnosis and 

personalized treatment plans are crucial for improving patient survival rates (7). 

For radiological technologists specializing in ultrasound, AI-driven training tools are now providing real-time feedback and 

guidance to enhance scanning techniques, ensuring high-quality image acquisition with minimal variability. AI-powered 

simulations allow trainees to practice diagnostic scenarios in a controlled environment, reducing the learning curve and 

improving competency before handling real patients (8). 

1.4. The Need for AI in Early Disease Detection 

The necessity for AI-driven radiomics in early disease detection cannot be overstated. Many life-threatening conditions, such 

as cancer and cardiovascular diseases, remain asymptomatic in their early stages, making early detection a critical challenge. 

AI-driven radiomics enhances early screening programs by: (9). 

• Identifying minute imaging abnormalities that could indicate disease onset. 

• Reducing false positives and false negatives, leading to more reliable screening outcomes. 

• Providing risk stratification models, helping physicians prioritize high-risk patients for further evaluation. 

1.5. Objectives of This Review 

This review aims to: 

• Explore the role of AI-driven radiomics in the early detection of subclinical pathologies. 

• Analyze the impact of AI on multi-modality imaging, particularly in radiological sciences, radiological technology 

(ultrasound), and ultrasound training. 
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• Discuss the benefits, challenges, and future prospects of AI-driven radiomics in modern medical imaging. 

By providing an in-depth analysis of AI-powered radiomics, this review highlights how AI is revolutionizing early diagnosis, 

improving medical workflows, and shaping the future of precision medicine. 

2. AI-DRIVEN RADIOMICS: THE CORE PRINCIPLES 

2.1. Radiomics and AI: A Synergistic Approach 

Radiomics relies on computational algorithms to extract and quantify imaging features that are imperceptible to the human 

eye. These radiomic features can include shape, texture, intensity, and wavelet-based attributes, which provide a 

comprehensive representation of tissue characteristics. When combined with AI, radiomics can facilitate early and precise 

disease detection, significantly enhancing diagnostic accuracy (10). 

AI algorithms, particularly deep learning models, excel in pattern recognition and feature extraction, making them ideal for 

radiomics applications. By analyzing complex datasets, AI-driven radiomics can identify subtle changes in tissue structures, 

predict disease progression, and assist in treatment planning (10). 

2.2. Multi-Modality Imaging and AI Integration 

• AI-driven radiomics is revolutionizing multiple imaging modalities: (11). 

• X-ray and CT scans: AI algorithms automate lesion detection, segmentation, and classification, enhancing diagnostic 

efficiency. 

• MRI: AI models improve tissue characterization and automate quantitative analysis of neurological, musculoskeletal, 

and oncological conditions. 

• Ultrasound: AI enhances image clarity, standardizes interpretation, and aids in real-time anomaly detection, 

particularly in obstetric, cardiovascular, and abdominal imaging. 

3. AI IN RADIOLOGICAL SCIENCES: ENHANCING EARLY DETECTION 

The application of AI-driven radiomics in radiological sciences has revolutionized early disease detection by improving the 

ability to identify subclinical pathologies—conditions that exist before symptoms become clinically evident. Traditional 

radiological assessments rely heavily on visual interpretation and subjective analysis by radiologists, which can be influenced 

by variability in expertise, fatigue, and imaging quality. AI-powered radiomics, on the other hand, introduces an objective, 

data-driven approach that enhances the sensitivity, specificity, and reproducibility of diagnostic processes (12). 

Through the use of machine learning (ML) and deep learning (DL) algorithms, AI-driven radiomics can extract meaningful 

patterns from imaging data, recognize subtle abnormalities, and predict disease progression. This is particularly impactful in 

fields such as oncology, cardiology, neurology, and musculoskeletal imaging, where early detection is crucial for improving 

patient outcomes (12). 

3.1. Automated Feature Extraction for Precision Medicine 

One of the most significant contributions of AI-driven radiomics to radiological sciences is its ability to extract high-

dimensional imaging biomarkers that are invisible to the human eye. Traditional radiology relies on qualitative analysis, but 

radiomics transforms imaging data into quantitative, reproducible metrics that facilitate more precise disease characterization 

(13). 

• AI models analyze a variety of radiomic features, including: 

• First-order statistics: Measuring pixel intensity distribution (e.g., mean, variance, skewness). 

• Shape-based features: Characterizing tumor morphology and lesion volume. 

• Texture-based features: Evaluating tissue heterogeneity, which can indicate malignancy or inflammation. 

• Wavelet features: Enhancing structural details at multiple scales for deeper image analysis. 

These extracted features allow for: 

• Personalized diagnosis and treatment planning, tailoring therapies based on patient-specific imaging biomarkers. 

• Prognostic modeling, predicting disease progression and recurrence risks. 

• Integration with genomic data, fostering the development of radiogenomics for a comprehensive approach to precision 

medicine. 

AI-driven radiomics has proven particularly effective in oncology, where it aids in the early detection of tumors and their 

molecular subtypes, guiding targeted therapies for better patient outcomes (13). 

3.2. Early Detection of Subclinical Pathologies 
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Early detection is the cornerstone of effective disease management, particularly in conditions where symptoms do not 

manifest until the disease has reached an advanced stage. AI-driven radiomics has demonstrated remarkable success in 

identifying subclinical pathologies across multiple medical imaging modalities (14). 

3.2.1. Oncology: Early Tumor Detection  

• AI models can detect and classify lung nodules in CT scans with high sensitivity, enabling early lung cancer screening 

(15). 

• In breast imaging, AI-driven mammography and ultrasound detect microcalcifications and tumor growth patterns 

indicative of early breast cancer (15). 

• AI-powered MRI analysis identifies gliomas and brain metastases at an earlier stage, guiding timely interventions (15). 

3.2.2. Cardiovascular Imaging: AI in Atherosclerosis and Cardiac Abnormalities 

• AI-driven coronary CT angiography (CTA) detects coronary artery calcifications and plaque characteristics, predicting 

the risk of myocardial infarction (16). 

• In echocardiography, AI improves the identification of left ventricular dysfunction, enabling early intervention in heart 

failure (16). 

• AI-powered MRI analysis identifies myocardial fibrosis and inflammation, crucial for detecting cardiomyopathies 

before clinical symptoms arise (16). 

3.2.3. Neurological Imaging: AI in Stroke and Neurodegenerative Disorders 

• AI algorithms applied to brain MRI scans can detect silent infarcts and predict stroke risk before overt clinical 

symptoms appear (17). 

• In Alzheimer's disease, AI-driven volumetric MRI analysis identifies hippocampal atrophy, a key biomarker for early 

cognitive decline (17). 

• AI-powered PET and SPECT imaging enhance the early detection of Parkinson’s disease and multiple sclerosis 

through functional imaging markers (17). 

3.2.4. Musculoskeletal Imaging: AI in Osteoarthritis and Bone Health 

• AI-driven radiomics helps detect early cartilage degeneration in knee osteoarthritis, allowing for proactive intervention 

(18). 

• AI-powered DXA (dual-energy X-ray absorptiometry) scans enhance osteoporosis risk stratification by detecting early 

bone mineral density loss (18). 

• Automated analysis of MRI and CT scans identifies stress fractures and ligament injuries at a subclinical stage, 

benefiting athletes and active populations (18). 

3.3. AI-Powered Predictive Analytics in Radiology 

Beyond early detection, AI-driven radiomics plays a crucial role in predictive analytics, enabling radiologists to forecast 

disease outcomes and treatment responses. By integrating imaging biomarkers with electronic health records (EHRs), 

genomic data, and clinical history, AI models can provide: (15). 

Risk stratification for disease progression (e.g., predicting which lung nodules are likely to become malignant). 

Treatment response prediction (e.g., forecasting the effectiveness of chemotherapy or immunotherapy in cancer patients). 

• AI-driven survival analysis, estimating patient prognosis based on radiomic and clinical features. 

• A key example of predictive analytics is in radiation oncology, where AI-powered radiomics can predict: (15). 

• The radiosensitivity of tumors, enabling personalized radiotherapy planning. 

• The likelihood of radiation-induced side effects, allowing for dose adjustments. 

• Disease recurrence risk, guiding follow-up imaging schedules. 

3.4. AI-Driven Radiomics in Workflow Optimization 

AI is not only transforming diagnosis but also improving workflow efficiency in radiological sciences. AI-powered 

automation is streamlining tasks such as: (19). 

• Automated segmentation: AI algorithms can outline tumor margins and organ structures with high accuracy, reducing 

manual workload. 

• AI-assisted triage systems: AI can prioritize imaging studies with suspicious findings, ensuring faster radiologist 
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review for critical cases. 

• Report generation and natural language processing (NLP): AI-powered NLP tools extract key information from 

radiology reports, improving documentation efficiency. 

By integrating AI-driven radiomics into Picture Archiving and Communication Systems (PACS) and Radiology Information 

Systems (RIS), hospitals and imaging centers can: (19). 

• Reduce report turnaround times. 

• Optimize imaging protocols for different patient populations. 

• Enhance collaboration between radiologists and other medical specialists. 

3.5. Ethical Considerations and Challenges 

• While AI-driven radiomics offers immense benefits, its implementation comes with ethical and practical challenges, 

including: (15). 

• Data privacy and security: Ensuring compliance with HIPAA, GDPR, and other regulations for handling medical 

imaging data. 

• Bias in AI algorithms: Addressing disparities in AI training datasets to ensure equitable performance across diverse 

patient populations. 

• Regulatory approval: Navigating FDA and EMA approval processes for AI-powered diagnostic tools. 

• AI interpretability: Developing explainable AI (XAI) models to improve trust and adoption among radiologists. 

Future advancements will require interdisciplinary collaboration among radiologists, data scientists, regulatory bodies, and 

healthcare policymakers to address these challenges and ensure safe and effective AI integration into clinical practice (15). 

3.6. The Future of AI in Radiological Sciences 

The future of AI-driven radiomics in radiological sciences is promising, with advancements expected in: (20). 

• Federated learning: Allowing AI models to learn from multi-institutional datasets while preserving patient privacy. 

• Multi-modal AI models: Integrating imaging data with omics data (genomics, proteomics, and metabolomics) for 

comprehensive disease characterization. 

• Real-time AI assistance: Embedding AI-driven radiomics into augmented reality (AR) and virtual reality (VR) 

platforms for enhanced radiology training. 

• AI-powered decision support systems: Providing real-time diagnostic insights for radiologists and clinicians, 

improving diagnostic confidence and accuracy. 

As AI technology continues to evolve, its role in radiological sciences, early disease detection, and precision medicine will 

become increasingly indispensable, ultimately leading to more proactive and personalized patient care. (20). 

4. AI IN RADIOLOGICAL TECHNOLOGY – ULTRASOUND 

4.1. AI-Enhanced Ultrasound Image Quality 

Ultrasound imaging is inherently dependent on operator skill and image acquisition techniques. AI-driven radiomics 

minimizes variability by optimizing image quality through: (21). 

• Noise reduction algorithms: Enhancing image contrast and clarity. 

• Automated tissue segmentation: Differentiating between normal and pathological structures. 

• AI-assisted Doppler analysis: Improving blood flow visualization in vascular imaging. 

4.2. AI-Driven Lesion Detection and Risk Stratification 

AI algorithms have demonstrated high accuracy in detecting and classifying lesions in ultrasound imaging. This is 

particularly beneficial in: (21). 

• Breast ultrasound: AI models differentiate between benign and malignant masses. 

• Thyroid ultrasound: Automated scoring systems improve nodule classification. 

• Liver ultrasound: AI assists in early detection of fibrosis and cirrhosis. 

5. AI IN ULTRASOUND TRAINING AND SKILL DEVELOPMENT 

5.1. AI-Powered Simulators for Training 
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Traditional ultrasound training relies on hands-on experience, but AI has introduced advanced simulation tools that: (22). 

• Provide real-time feedback on probe positioning and scanning technique. 

• Offer interactive case-based learning modules. 

• Use AI-generated synthetic datasets to enhance learning. 

5.2. Automated Assessment and Skill Monitoring 

AI-driven platforms assess trainee performance by analyzing factors such as: (22). 

• Probe angle and pressure consistency. 

• Image acquisition speed and accuracy. 

• Diagnostic accuracy in real-time scanning scenarios. 

AI in ultrasound training ensures that sonographers receive standardized and data-driven feedback, ultimately improving 

their diagnostic proficiency (22). 

6. CHALLENGES AND FUTURE DIRECTIONS 

6.1. Challenges in AI-Driven Radiomics Implementation 

Despite its advantages, AI-driven radiomics faces several challenges: (23). 

• Data Standardization: Variability in imaging protocols across institutions can impact AI model performance. 

• Regulatory Hurdles: AI models must comply with FDA and European medical standards for clinical adoption. 

• Interpretability: Black-box AI models must be made more transparent to gain trust among radiologists. 

6.2. The Future of AI in Radiomics 

• AI-driven radiomics is expected to advance through: (24). 

• Federated Learning: AI models trained on multi-institutional datasets without compromising data privacy. 

• Hybrid AI Approaches: Combining deep learning with classical machine learning for improved accuracy. 

• Real-Time AI Integration in Clinical Workflows: AI-enhanced PACS (Picture Archiving and Communication 

Systems) for seamless radiological reporting. 

7. CONCLUSION 

AI-driven radiomics is revolutionizing medical imaging by enhancing early detection of subclinical pathologies, improving 

diagnostic accuracy, and optimizing workflow efficiency. Its applications in radiological sciences, radiological technology—

especially ultrasound—and ultrasound training are profound. As AI technology continues to evolve, integrating AI-driven 

radiomics into clinical practice will play a pivotal role in advancing precision medicine. However, addressing challenges 

such as data standardization and regulatory compliance will be crucial for widespread adoption. The future of AI-driven 

radiomics holds great promise in reshaping the landscape of medical imaging and improving patient outcomes. 
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