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Abstract 

Artificial intelligence (AI) has rapidly become a transformative force in orthopedic 

trauma, reshaping how fractures are detected, classified, and managed. This review 

synthesizes current applications, clinical evidence, and emerging challenges across the 

trauma care pathway. Deep convolutional neural networks now identify fractures on 

radiographs with accuracy approaching that of expert clinicians, while machine 

learning models predict postoperative mortality and complications from routinely 

collected clinical data. Robotic and navigation systems augment surgical precision and 

substantially reduce intraoperative radiation exposure. Despite exponential research 

growth, with the majority of studies published within the last two years, clinical 

translation remains limited by inadequate external validation, data heterogeneity, and 

barriers to workflow integration. We summarize comparative performance of major AI 

methods, outline an integrated clinical workflow, and discuss the regulatory, ethical, 

and infrastructural prerequisites for responsible adoption. AI is best understood as an 

augmentation of clinical judgment rather than a replacement, with realistic value 

contingent on rigorous prospective validation. 
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Introduction 

Orthopedic trauma constitutes one of the largest burdens within musculoskeletal 

medicine, and the accurate, timely diagnosis of fractures remains a cornerstone of 

effective care. Missed fractures are among the most frequent sources of diagnostic error 

in emergency departments, contributing to prolonged morbidity, avoidable reoperation, 

and medicolegal exposure [1], [7]. Against this backdrop, artificial intelligence has 

emerged as a technology with the potential to augment diagnostic accuracy, streamline 

workflows, and individualize treatment [1], [3]. 
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The growth of AI research in trauma has been striking. A comprehensive analysis of 

217 studies published between 2015 and 2025 found that more than half appeared in a 

single recent year, reflecting both rapid methodological maturation and intensifying 

clinical interest [1]. Deep learning approaches, particularly convolutional neural 

networks (CNNs), now dominate image-analysis tasks, whereas traditional machine 

learning methods remain preferred for tabular outcome prediction [1], [25]. Reported 

applications cluster around fracture detection, classification, outcome prediction, and 

anatomical segmentation, with the hip, spine, and wrist representing the most studied 

sites [1], [26]. 

Beyond diagnosis, AI is increasingly embedded in perioperative decision-making and 

the operative environment itself. Predictive models estimate mortality and 

complication risk after hip fracture surgery, supporting risk stratification and resource 

allocation [9], [11], [12]. Robotic and navigation platforms enhance the precision of 

fracture reduction and implant placement while reducing the cumulative radiation 

burden borne by surgeons and patients [14], [15]. This review consolidates these 

developments, examines the strength of the underlying evidence, and considers the 

practical and ethical conditions necessary for safe clinical integration [3], [24]. 

Methods 

This work is a narrative review. Peer-reviewed literature published predominantly 

between 2021 and 2026 was identified through searches of PubMed, Scopus, and IEEE 

Xplore using combinations of the terms “artificial intelligence,” “deep learning,” 

“machine learning,” “fracture,” “orthopedic trauma,” and specific anatomical sites. 

Priority was given to systematic reviews, meta-analyses, large comparative cohorts, 

and prospective validation studies. Studies were grouped thematically into four 

domains: image-based fracture detection and classification, outcome and risk 

prediction, surgical robotics and navigation, and clinical implementation. A 

comparative summary of the principal methodological families is presented in Table 1, 

and an integrated care pathway is illustrated in Figure 2. 

Table 1. Comparison of principal AI methods used in orthopedic trauma. 

Method Primary task Typical performance Key limitation 

Convolutional neural 

networks 

Fracture detection / 

classification 
Near-expert accuracy 

Needs large labeled 

datasets 

Gradient boosting 

(XGBoost) 

Mortality / 

complication 

prediction 
AUC 0.83–0.91 

Limited 

interpretability 
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Random / survival 

forests 
Risk stratification C-statistic 0.75–0.83 

Site-specific 

calibration 

Logistic regression 

(baseline) 
Outcome prediction Moderate, transparent 

Misses nonlinear 

patterns 

Robotic / navigation 

systems 
Reduction & fixation 

guidance 
Shorter radiation time 

High cost, learning 

curve 

 

Results 

Across the reviewed literature, image-based fracture detection represented the single 

most common application, accounting for roughly a quarter of published studies, 

followed by outcome prediction and fracture classification (Figure 1). Convolutional 

neural networks consistently performed at or near the level of experienced radiologists 

and orthopedic surgeons in identifying fractures on plain radiographs. In one widely 

cited evaluation, AI support raised the fracture-detection sensitivity of residents and 

junior readers by approximately ten percentage points while shortening reading time 

and preserving specificity. Reported gains were most pronounced for subtle or 

anatomically complex fractures and in high-volume or overnight settings, where 

human fatigue contributes to oversight. 

 
Figure 1. Distribution of artificial intelligence applications in orthopedic trauma based on pooled 

study counts (2015–2025). 

In the predictive domain, machine learning models trained on routinely available 

clinical and laboratory variables estimated mortality and short-term complications after 

hip fracture surgery with strong discrimination. Gradient-boosting and ensemble 
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approaches achieved areas under the receiver-operating-characteristic curve in the 

range of 0.83 to 0.91, and several reports found that machine learning algorithms 

outperformed established comorbidity indices for short-term complication prediction. 

Random survival forest models predicted one-year mortality with a concordance 

statistic near 0.75, identifying age, comorbidity burden, and postoperative 

complications as dominant predictors. 

Within the operative environment, a meta-analysis pooling 675 patients across ten 

studies demonstrated that robotic guidance significantly reduced total intraoperative 

radiation time compared with manual fluoroscopy, with a robust effect size. Navigation 

and augmented-reality systems similarly reduced staff radiation exposure during 

percutaneous fixation and screw placement. These benefits, however, were 

accompanied by higher equipment costs and meaningful learning curves. Figure 2 

situates these technologies within a continuous, feedback-driven clinical workflow 

spanning image acquisition, automated interpretation, risk stratification, surgical 

planning, and outcome monitoring. 

 
Figure 2. Integrated AI-supported clinical workflow across the orthopedic trauma care pathway. 

Notably, prospective and real-world evidence remained comparatively sparse. A 

prospective registry evaluation of three commercial detection algorithms reported 

variable performance under routine clinical conditions, underscoring a persistent gap 

between retrospective accuracy and dependable everyday utility. Early deployment 

studies nonetheless suggested modest operational benefits, including reduced 

discordance between preliminary and final radiology reports and shortened emergency 

department length of stay. 

Discussion 

The accumulated evidence indicates that AI can meaningfully augment several stages 

of orthopedic trauma care, yet the maturity of that evidence varies markedly by 

application. Fracture detection is the most validated domain, with multiple systematic 
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reviews concluding that contemporary CNNs approximate expert performance and can 

serve as an effective second reader [2], [20], [27]. The most consistent clinical value 

lies not in autonomous diagnosis but in error reduction, where AI flags subtle fractures 

that fatigued or junior clinicians may overlook [4], [5], [19]. 

Predictive modeling presents a more nuanced picture. While discrimination metrics are 

frequently impressive, many models are derived and validated within single institutions 

or national registries, raising concerns about transportability across populations with 

different demographics and care pathways [11], [12], [22]. The tension between 

predictive accuracy and interpretability is recurrent: high-performing ensemble 

methods such as gradient boosting can be difficult for clinicians to interrogate, which 

has motivated explicit efforts to develop parsimonious, explainable models suitable for 

bedside use [10], [13]. For a center such as the Fergana Regional setting, locally 

recalibrated and transparent models are likely to be more trustworthy than imported 

black-box systems [23]. 

Surgical robotics and navigation offer the clearest demonstrable benefit in radiation 

reduction and reproducible precision, but their cost and infrastructural demands 

constrain widespread adoption, particularly in resource-limited settings [14], [33], [35]. 

Computer-aided reduction and patient-specific additively manufactured implants 

represent promising frontiers, yet remain largely investigational [15], [16]. Across all 

domains, the principal barriers to translation are remarkably consistent: limited 

external validation, heterogeneous and non-standardized data, unclear regulatory 

pathways, and the practical difficulty of integrating AI outputs into existing clinical 

workflows without adding cognitive burden [1], [7], [18]. Ethical considerations, 

including accountability for AI-influenced decisions, algorithmic bias, and data 

governance, must be addressed proactively rather than retrospectively [3], [24]. 

Several priorities follow. Prospective, multicenter trials with predefined clinical 

endpoints are needed to move beyond retrospective accuracy [18], [19]. External 

validation across diverse populations should become a publication norm, and reporting 

standards specific to medical AI should be uniformly applied [26]. Finally, 

implementation science deserves equal attention to algorithmic development, since 

even accurate models fail to deliver benefit if they are poorly integrated or distrusted 

by end users [7], [32]. 

Conclusion 

Artificial intelligence has moved from conceptual promise to tangible capability across 

the orthopedic trauma pathway, sharpening fracture detection, refining risk prediction, 

and enhancing surgical precision while lowering radiation exposure. Yet enthusiasm 

must be tempered by evidentiary discipline. The field’s explosive growth has outpaced 
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its validation, and the gap between retrospective performance and reliable clinical 

value remains the defining challenge of the coming decade. The most durable progress 

will come not from algorithms that aspire to replace clinicians, but from systems that 

earn their trust—validated prospectively, calibrated locally, interpretable at the 

bedside, and integrated seamlessly into the daily realities of trauma care. Realizing this 

vision will require sustained collaboration among surgeons, data scientists, regulators, 

and institutions, with patient safety as the unwavering measure of success. 
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