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Zheging Zhang'“, Caitlyn J. Smith?, Jeremiah Oluwatomi Itodo Daniel’, Joanna Fedjo Tsague®,
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ABSTRACT

Introduction: Spine trauma represents a major cause of disability and substantial healthcare costs. Despite
classification systems and risk scores, outcome prediction following spine trauma remains challenging. Machine
learning (ML) approaches offer multidimensionality but vary widely in methodology, performance, and clinical
application. This systematic review aims to characterize the use of ML for outcome prediction and prognostica-
tion in spine trauma.

Methods: A systematic search of PubMed, Embase, Scopus, Web of Science, and Cochrane Library was performed
for publications from January 2015 to May 2025. Studies reporting ML for predicting clinical outcomes in spine
trauma patients were identified using pre-defined criteria. Primary outcomes were types and performance metrics
of ML models for spine trauma prognostication. Secondary outcomes included cost-effectiveness, clinical utility
and implementation feasibility.

Results: Twenty-seven studies were included, of which 26 were published from 2020 onwards. Only one study
was prospective, while the rest were retrospective. Commonly used ML algorithms for spine trauma prognosis
were logistic regression (LR), extreme gradient boosting (XGBoost), Random Forest (RF), light gradient boosting
machine (LightGBM), and support vector machine (SVM). Outcomes predicted include mortality, neurological
function or recovery, ambulation and walking, self-care and independence, complications, treatment failure,
length of stay, and discharge destination. Most studies employed internal testing and validation; only four re-
ported external validation. Seven studies reported direct comparison with non-ML models or risk scores, demon-
strating comparable or superior performance of ML models. Performance metrics include area under the curve
(AUC), accuracy, sensitivity, specificity, precision, F1-score, Brier score, and others. The highest AUC was reported
by a nomogram constructed using consensus clustering to predict postoperative pulmonary infection in patients
with acute cervical spinal cord injury (internal validation; AUC 0.993; 95% CI 0.981-1.000). Quality of evidence
varied between studies, but risk of bias was a concern.

Conclusions: Existing evidence on ML for spine trauma prognosis is characterized by retrospective study de-
signs, homogeneous cohorts, and lack of external validation, limiting their generalizability and real-world appli-
cation. While ML approaches demonstrate encouraging predictive performance for spine trauma outcomes, their
clinical adoption is limited by methodological heterogeneity. More robust validation, standardized reporting, and
comparison with traditional tools are needed before ML models can reliably inform clinical decision-making.
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