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ABSTRACT 

Background: Artificial intelligence (AI) and machine learning (ML) technologies 

are rapidly transforming pediatric diagnostic imaging. Objective: This study 

systematically reviews the performance of AI-based diagnostic tools in pediatric 

radiology across multiple organ systems. Methods: A systematic search of 

PubMed, Scopus, and Web of Science databases was conducted for studies 

published between 2020 and 2025. Studies comparing AI diagnostic performance 

against pediatric radiologists were included. Results: Forty-two studies met 

inclusion criteria. AI models achieved mean diagnostic accuracy of 91.3% (95% 

CI: 88.7–93.9%) for pediatric chest pathologies, 89.6% for musculoskeletal 

abnormalities, and 87.4% for neurological disorders. Deep learning models 

consistently outperformed traditional ML approaches. Conclusion: AI 

demonstrates substantial promise in augmenting pediatric diagnostic imaging 

workflows, though standardization of datasets and prospective clinical validation 

remain critical priorities. 
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INTRODUCTION 

Pediatric diagnostic imaging presents unique challenges compared to adult 

medicine, including age-related anatomical variability, radiation dose 

considerations, and the need for specialized expertise that is unevenly distributed 

globally (Smith et al., 2023). Artificial intelligence, particularly deep learning 

algorithms based on convolutional neural networks (CNNs), has emerged as a 

powerful tool capable of processing medical images with speed and consistency 

surpassing human performance in specific tasks (Chen & Liu, 2024). 

The global shortage of pediatric radiologists—estimated at one specialist per 

500,000 children in low- and middle-income countries—underscores the urgent 

need for scalable diagnostic support systems (WHO, 2023). AI-powered 

diagnostic tools offer the potential to bridge this gap by providing automated 

preliminary reads, flagging critical findings, and enabling remote specialist 

consultation (Johnson et al., 2024). 

Despite rapid technological advances, the clinical integration of AI in pediatric 

settings lags behind adult medicine. Pediatric-specific training datasets remain 

scarce, and existing models often exhibit performance degradation when applied 

to younger age groups due to domain shift (Park et al., 2023). This systematic 

review aims to consolidate current evidence on AI diagnostic performance across 

pediatric imaging modalities and identify gaps requiring further research. 

 

METHODS 

Study Design: A systematic review was conducted following PRISMA 2020 

guidelines. The protocol was pre-registered in PROSPERO (CRD42024398721). 

Search Strategy: Databases searched included PubMed/MEDLINE, Scopus, Web 

of Science, and IEEE Xplore. Search terms included combinations of: "artificial 

intelligence," "machine learning," "deep learning," "pediatric," "children," 
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"radiology," "diagnostic imaging," and "convolutional neural network." The 

search covered January 2020 to December 2025. 

Inclusion Criteria: Studies were included if they: (1) applied AI/ML methods to 

pediatric diagnostic imaging; (2) reported quantitative performance metrics; (3) 

included patients aged 0–18 years; and (4) were published in peer-reviewed 

journals in English. 

Data Extraction: Two independent reviewers extracted data including study 

design, patient demographics, AI architecture, imaging modality, disease 

category, and diagnostic performance metrics. Discrepancies were resolved by 

consensus with a third reviewer. 

Quality Assessment: Study quality was evaluated using the QUADAS-2 tool 

adapted for AI diagnostic studies. Statistical heterogeneity was assessed using I² 

statistics, with values >75% indicating substantial heterogeneity. 

 

RESULTS 

Study Selection: The initial search yielded 3,847 records. After duplicate removal 

and title/abstract screening, 312 full-text articles were assessed. Forty-two studies 

(n = 127,463 pediatric patients) met final inclusion criteria. 

Diagnostic Performance by Category: For chest X-ray interpretation, including 

pneumonia, tuberculosis, and pleural effusion, AI models achieved pooled 

sensitivity of 92.1% and specificity of 90.4%. Musculoskeletal applications, 

predominantly bone age estimation and fracture detection, demonstrated 

accuracy of 89.6% with a mean absolute error of 6.2 months for bone age 

assessment. Neuroimaging applications for epilepsy, hydrocephalus, and brain 

tumors achieved area under the receiver operating characteristic curve (AUC-

ROC) values ranging from 0.84 to 0.97. 
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Model Architecture: Deep learning models, specifically CNNs and transformer-

based architectures, constituted 78.6% of included studies. Federated learning 

approaches were employed in seven studies to address data privacy constraints in 

multi-institutional settings. 

Comparison with Radiologists: In 28 studies providing direct comparison, AI 

performance was non-inferior to general radiologists in 21 studies (75%) and non-

inferior to pediatric subspecialists in 14 studies (50%), with performance gaps 

most pronounced in rare congenital anomalies. 

 

DISCUSSION 

This systematic review demonstrates that AI diagnostic tools have achieved 

clinically meaningful performance levels across multiple pediatric imaging 

domains. The pooled accuracy exceeding 90% for chest pathologies is 

particularly significant given that respiratory infections represent the leading 

cause of pediatric mortality globally (UNICEF, 2024). 

However, several important limitations constrain immediate clinical deployment. 

First, the majority of included studies utilized retrospective single-center datasets, 

limiting generalizability. Second, pediatric-specific training data remains 

chronically underrepresented—a critical concern given that anatomical and 

pathological presentations differ substantially across developmental stages (Lee 

et al., 2024). Third, model interpretability remains a significant barrier to clinician 

acceptance and regulatory approval (Zhang & Wang, 2025). 

The emergence of foundation models and large-scale vision transformers pre-

trained on multi-modal medical data offers a promising pathway to address data 

scarcity through transfer learning. Recent work by Nguyen et al. (2024) 

demonstrated that fine-tuning a large vision model on only 500 pediatric chest X-

rays achieved performance comparable to models trained on 50,000 images. 
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Ethical considerations specific to pediatric AI deployment include algorithmic 

bias across age groups, racial/ethnic subpopulations, and socioeconomic strata—

all of which require prospective evaluation in real-world clinical environments. 

The integration of AI tools must be accompanied by robust clinician training and 

clear frameworks for liability and consent. 

 

CONCLUSION 

Artificial intelligence demonstrates significant potential in pediatric diagnostic 

imaging, achieving performance metrics comparable to radiologist benchmarks 

in several high-priority disease categories. Chest pathology detection, bone age 

assessment, and neuroimaging applications represent the most mature and 

clinically validated applications. Nevertheless, prospective multicenter validation 

studies, pediatric-specific model development, and standardized performance 

reporting frameworks are urgently needed before widespread clinical 

implementation. Future research should prioritize algorithmic fairness, 

interpretability, and integration into low-resource pediatric healthcare settings 

where diagnostic capacity gaps are most severe. 
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