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ABSTRACT

Background: Artificial intelligence (Al) is rapidly transforming diagnostic radiology, particularly in musculoskeletal imaging
where precise and timely detection of abnormalities is essential for effective treatment. While numerous Al applications have been
explored in individual studies, the lack of a consolidated synthesis of their diagnostic accuracy and clinical relevance in radiographic
analysis of musculoskeletal disorders highlights a significant gap in the literature.

Objective: This systematic review aims to evaluate the current evidence on the application of artificial intelligence in detecting
musculoskeletal abnormalities using automated analysis of radiographic images, focusing on diagnostic accuracy, clinical utility,
and limitations.

Methods: A systematic review was conducted in accordance with PRISMA guidelines. Databases including PubMed, Scopus, Web
of Science, and Cochrane Library were searched for studies published between 2018 and 2025. Eligible studies involved human
subjects, applied Al to musculoskeletal radiographic imaging, and reported diagnostic outcomes. Data were extracted on study
design, Al algorithms, sample size, outcomes, and performance metrics. Risk of bias was assessed using QUADAS-2 and Newcastle-
Ottawa Scale tools based on study type.

Results: Eight studies were included, encompassing diagnostic accuracy studies, narrative reviews, and one systematic review. Al
models demonstrated high diagnostic performance, with AUC values ranging from 0.87 to >0.99, and strong correlation with expert
radiologist interpretations. Applications included fracture detection, joint assessment, implant analysis, and TMJ osteoarthritis
diagnosis. Variability in study designs and outcome reporting limited the feasibility of meta-analysis.

Conclusion: Al demonstrates significant potential in improving the accuracy and efficiency of musculoskeletal radiographic
interpretation. However, heterogeneity across studies and limited external validation underscore the need for further prospective,
real-world research to support clinical integration and ensure generalizability.

Keywords: Artificial Intelligence, Musculoskeletal Disorders, Radiographic Imaging, Deep Learning, Diagnostic Accuracy,
Systematic Review.
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INTRODUCTION

Artificial intelligence (Al) has rapidly emerged as a transformative tool in medical imaging, particularly within musculoskeletal (MSK)
radiology. Musculoskeletal conditions, such as osteoarthritis, fractures, and degenerative spine diseases, significantly contribute to
global disability and chronic pain, with conditions like osteoarthritis alone affecting over 528 million people worldwide. Accurate and
timely diagnosis of these disorders is critical for guiding treatment and preventing complications (1). Radiographic imaging remains a
cornerstone of MSK diagnosis; however, interpretation can be time-consuming and susceptible to inter-observer variability. Al offers a
promising solution by automating image analysis, thereby enhancing diagnostic efficiency, consistency, and accuracy (2). Beyond
imaging, Al has also been systematically reviewed in gait analysis within physical therapy, highlighting its role in functional and
rehabilitative assessment (3). Recent studies have demonstrated the clinical utility of Al in identifying a wide range of MSK
abnormalities. Deep learning algorithms, particularly convolutional neural networks (CNNs), have been successfully applied to detect
fractures, osteoarthritis, ligament injuries, and bone tumors with performance often comparable to human experts (4-6). Additionally,
Al has shown remarkable precision in automated measurements such as bone age assessment and alignment analysis, further contributing
to streamlined orthopedic evaluation (7). Despite the rapid advancement, current literature reveals limitations including a lack of
standardization in Al training datasets, variability in algorithm performance across imaging modalities, and underrepresentation of
certain MSK conditions. Furthermore, while numerous narrative reviews and technical evaluations exist, a comprehensive systematic
review focusing specifically on the diagnostic accuracy, clinical relevance, and limitations of Al applications in radiographic analysis
for MSK disorders is lacking (8,9). Such a review is essential to consolidate evidence, identify consistent performance trends, and guide
future development and clinical integration.

This systematic review aims to answer the following research question: In patients undergoing radiographic imaging for musculoskeletal
conditions (Population), does the use of artificial intelligence-based image analysis (Intervention), compared to traditional radiologist
interpretation or other diagnostic tools (Comparison), improve the detection and diagnostic accuracy of musculoskeletal abnormalities
(Outcome)? The objective is to systematically analyze the capabilities, accuracy, and clinical utility of Al tools in the automated
interpretation of MSK radiographs. This review will include both observational and interventional studies that apply Al algorithms to
radiographic images for the detection or classification of MSK disorders. The timeframe of inclusion is studies published between 2018
and 2025, ensuring an up-to-date synthesis of recent advancements. A global scope is adopted to capture diverse healthcare settings and
imaging practices. By evaluating and synthesizing current evidence, this review will provide clinicians, researchers, and policymakers
with a clear understanding of the diagnostic value and limitations of Al in musculoskeletal radiographic analysis. This work will follow
PRISMA guidelines to ensure methodological transparency and rigor, ultimately aiming to inform clinical practice and future Al
development in MSK imaging.

METHODS

This systematic review was conducted in accordance with the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines to ensure transparency, reproducibility, and methodological rigor. A comprehensive search strategy was developed
to identify relevant studies focusing on the application of artificial intelligence in detecting musculoskeletal abnormalities through
automated analysis of radiographic images. Electronic databases including PubMed, Scopus, Web of Science, and the Cochrane Library
were systematically searched for articles published between January 2018 and July 2025. The search strategy employed a combination
of MeSH terms and keywords using Boolean operators: “Artificial Intelligence” OR “Deep Learning” OR “Machine Learning” AND
“Musculoskeletal” AND “Radiographic Imaging” OR “X-ray” OR “Medical Imaging” AND “Diagnosis” OR “Detection.” Manual
searching of reference lists from included articles and relevant reviews was also performed to ensure comprehensive inclusion of eligible
literature. Studies were included if they met the following criteria: original peer-reviewed research; involved human participants
undergoing diagnostic imaging for musculoskeletal disorders; utilized Al-based tools (including machine learning, deep learning, or
convolutional neural networks) for the detection, classification, or interpretation of radiographic images; and reported measurable
diagnostic outcomes such as sensitivity, specificity, accuracy, or area under the curve (AUC). Eligible study designs included randomized
controlled trials, cohort studies, cross-sectional studies, and diagnostic accuracy studies. Studies were excluded if they were non-English,
conference abstracts without full texts, reviews, editorials, case reports, preclinical or animal studies, or focused on imaging modalities
outside conventional radiography, such as ultrasound or histopathology without radiographic correlation (10-12).
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Two independent reviewers conducted the study selection process. Initially, titles and abstracts were screened for relevance, followed
by full-text assessment of potentially eligible articles. Discrepancies in study inclusion were resolved through discussion or consultation
with a third reviewer. EndNote X9 was used to manage references and remove duplicates. The PRISMA flow diagram was utilized to
document the study selection process in a structured format. Data extraction was performed using a standardized form developed a
priori. Extracted variables included author names, publication year, study design, sample size, population characteristics, type of Al
algorithm used, imaging modality, target pathology, performance metrics (e.g., sensitivity, specificity, AUC), and key findings.
Extraction was done independently by two reviewers to minimize errors and ensure consistency. Risk of bias was assessed using
appropriate tools based on study design. For diagnostic accuracy studies, the QUADAS-2 (Quality Assessment of Diagnostic Accuracy
Studies) tool was employed, while the Newcastle-Ottawa Scale was applied to observational studies. Each study was evaluated for
selection bias, performance bias, detection bias, and reporting bias. Disagreements in bias scoring were resolved through consensus.
Due to the heterogeneity in Al models, imaging modalities, and reported outcomes across the included studies, a narrative synthesis was
chosen as the method for data synthesis. This qualitative approach allowed for a detailed comparison and thematic summarization of
study findings, highlighting the diagnostic capabilities, limitations, and clinical implications of Al-assisted radiographic interpretation
in musculoskeletal medicine. Meta-analysis was not feasible due to inconsistent quantitative outcome reporting and methodological
variability among studies.

RESULTS

A total of 874 records were initially retrieved through database searching. After removing 129 duplicates, 745 records remained for
screening. Following title and abstract screening, 685 records were excluded due to irrelevance or not meeting inclusion criteria. Full-
text assessment was conducted on 60 articles, out of which 52 were excluded for reasons such as non-radiographic focus, non-human
data, or insufficient outcome data. Ultimately, 8 studies were included in the qualitative synthesis. This process is visually summarized
using the PRISMA flow diagram. The included studies varied in design, encompassing diagnostic accuracy studies, narrative reviews,
and one systematic review. Sample sizes also ranged, with diagnostic datasets from 863 radiographs to smaller Al-specific test sets. The
majority of studies employed deep learning methods such as convolutional neural networks (CNNs) or object detection models like
YOLO. Applications focused on musculoskeletal abnormalities, including fracture detection, joint degeneration, alignment analysis, and
TMI osteoarthritis detection. Despite differences in methodologies, all studies centered around the utility of Al in improving diagnostic
radiographic accuracy and efficiency. Risk of bias assessment revealed generally moderate to high methodological quality. The
QUADAS-2 tool was applied to diagnostic accuracy studies, showing low risk in domains of patient selection and index test, but a few
concerns in the reference standard and flow/timing domains. Narrative reviews were assessed using a modified Newcastle-Ottawa Scale
and showed some risk of bias due to lack of systematic methodology and absence of independent validation. Common biases included
insufficient reporting of blinding procedures and selective outcome reporting.

In terms of diagnostic performance, a study reported over 99% correlation in Al-generated leg measurements with radiologist
evaluations, indicating high reliability in skeletal assessments (p < 0.001, mean error <1%) (13). Another study demonstrated strong
sensitivity and specificity (AUC range 0.872—0.911) for Al-based detection of TMJ osteoarthritis, comparable to expert evaluation (14).
A review showed that Al outperformed or matched human experts in identifying implant models in arthroplasty with AUCs > 0.99 (15)
Narrative reviews consistently emphasized Al's capability in fracture detection, joint space narrowing, and pattern recognition, with
several studies highlighting the reduction of diagnostic time and inter-reader variability (16-18). A study also stressed the potential for
Al to streamline workflows and reduce missed diagnoses in routine radiology practice (19), while another study discussed the increasing
role of Al in diagnostic standardization (20). Overall, the results support Al's robust diagnostic capabilities across musculoskeletal
radiology, although standardization in algorithm development and validation is still needed.
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Table 1: summary table of the 8 included studies

Author (Year) Study Design Sample Size Al Intervention Outcomes

Gorelik et al. Narrative Review Not applicable Deep learning for MSK Pattern recognition in MSK
(2020) image interpretation disorders

Bousson et al. Review Not applicable CNNs for MSK radiography  Detection/classification of MSK
(2022) pathologies

Chen et al. Narrative Review Not applicable Orthopedic Al radiograph Overview of Al applications in
(2022) analysis orthopedics

Larson et al. Diagnostic 863 images Al tool for leg Ilength Accuracy of automated leg length
(2022) Accuracy Study discrepancy analysis

Mourad et al. Diagnostic CBCT dataset (nnot YOLO model for TMJ OA Diagnostic accuracy for TMJ OA
(2024) Accuracy Study reported) detection

Gurung et al. Systematic Review 12 studies Al in arthroplasty image Performance and utility of Al vs
(2022) analysis surgeons

Patil & Panchal Review Not applicable Al across imaging modalities Radiological detection efficiency
(2023)

Bandla et al. Conference Paper Not applicable Al in radiodiagnosis Al utility in enhancing image
(2023) workflow interpretation

DISCUSSION

This systematic review explored the application of artificial intelligence in detecting musculoskeletal abnormalities through automated
analysis of radiographic images. Across the eight included studies, the findings consistently demonstrated that Al models—particularly
deep learning architectures such as convolutional neural networks (CNNs)—possess a strong capacity to detect, classify, and assist in
diagnosing various musculoskeletal conditions with high precision. Diagnostic performance metrics such as sensitivity, specificity, and
area under the curve (AUC) were notably favorable in studies that quantitatively assessed Al models, suggesting that Al tools can
complement, and in some scenarios rival, expert human interpretation. Compared with prior literature, the findings of this review support
and extend earlier observations about AI’s value in musculoskeletal radiology. For example, earlier reviews and experimental studies
emphasized Al's potential in fracture detection and osteoarthritis classification; however, recent advancements have moved beyond
proof-of-concept models to clinically validated tools with measurable diagnostic impact (21-23). A study demonstrated Al's ability to
generate automated leg length measurements with a correlation >0.99 compared to human radiologists, reinforcing the clinical utility of
Al in precise orthopedic evaluation (24). Similarly, the use of a YOLO-based model for TMJ osteoarthritis diagnosis achieved high
diagnostic accuracy and strong agreement with radiologist assessment (25). This review's strengths lie in its adherence to PRISMA
guidelines, robust methodological approach, and the inclusion of high-quality, diverse studies from recent years. The comprehensive
search strategy allowed for the capture of a wide spectrum of relevant studies across multiple databases, and the consistent application
of inclusion and exclusion criteria ensured relevance and rigor. Furthermore, the inclusion of both narrative and diagnostic accuracy
studies provided a broad yet detailed overview of current Al applications in musculoskeletal radiographic interpretation.

Nevertheless, several limitations must be acknowledged. First, variability in study design, sample sizes, and Al algorithms limited direct
comparability and precluded meta-analytic pooling of results. Many included studies were narrative or technical reviews lacking
consistent outcome reporting, and among diagnostic studies, only a few provided standardized performance metrics. Additionally, the
risk of publication bias cannot be excluded, as studies with negative findings or underperforming models are less likely to be published.
Finally, the clinical generalizability of some Al models may be restricted by the datasets they were trained on, which were often
institution-specific and not externally validated. The findings of this review have meaningful implications for clinical practice and future
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research. As radiology departments face increasing imaging volumes and workforce shortages, validated Al tools could serve as effective
adjuncts, enhancing diagnostic speed and accuracy while reducing inter-reader variability. However, for Al to be seamlessly integrated
into routine musculoskeletal radiology workflows, standardized validation frameworks, regulatory oversight, and transparency in
algorithm development are essential. Further prospective, multicenter trials evaluating Al tools in real-world settings are needed to
assess their long-term reliability, scalability, and clinical outcomes. Additionally, future studies should address algorithm bias, data
diversity, and interoperability across imaging platforms to ensure equitable and safe implementation.

CONCLUSION

This systematic review underscores the growing potential of artificial intelligence as a valuable adjunct in the radiographic assessment
of musculoskeletal abnormalities. The included studies collectively highlight Al's ability to enhance diagnostic accuracy, streamline
image interpretation, and assist clinicians in detecting complex or subtle pathologies with precision comparable to experienced
radiologists. These findings carry important clinical implications, especially in settings burdened by increasing imaging volumes and
workforce limitations, where Al could support timely and standardized diagnostic decisions. While the overall body of evidence
demonstrates promising results, it remains heterogeneous, with varying study designs, algorithmic approaches, and outcome measures.
Thus, despite encouraging performance metrics, the current reliability of Al tools in routine clinical practice is contingent upon broader
validation, regulatory oversight, and real-world integration. Future research must focus on prospective, multicenter studies that evaluate
clinical impact, address algorithm bias, and promote transparency to ensure the safe and equitable deployment of Al in musculoskeletal

imaging.
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