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Thoracolumbar Spine Trauma: Classification Systems, Management Strategies, and Current Clinical Challenges
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ABSTRACT 
	Aims:
To provide a focused review of thoracolumbar trauma, with emphasis on its biomechanical basis, injury patterns, diagnostic evaluation, classification systems, management strategies, and current clinical challenges.

Study Design:
Narrative literature review.

Methodology:
This review summarizes published literature on thoracolumbar trauma identified through searches of PubMed, Google Scholar, and other accessible academic sources. Relevant English-language studies involving human thoracolumbar spine injuries were selected based on their contribution to the understanding of epidemiology, biomechanics, clinical presentation, imaging, classification systems, treatment approaches, and rehabilitation. The included literature was synthesized thematically to provide a clinically relevant overview of thoracolumbar trauma and its management.

Results:
The reviewed literature indicates that thoracolumbar trauma is a clinically important spinal injury because the thoracolumbar junction is a biomechanically vulnerable transition zone between the rigid thoracic spine and the mobile lumbar spine. Injury patterns range from stable compression fractures to unstable burst fractures, distraction injuries, and fracture-dislocations, with road traffic accidents and falls being the most common causes. Computed tomography and magnetic resonance imaging are essential for accurate assessment of fracture morphology, ligamentous injury, posterior ligamentous complex integrity, and neural compression. Classification systems such as the Denis three-column model, AO Spine classification, and Thoracolumbar Injury Classification and Severity Score (TLICS) are useful in evaluating instability and guiding treatment decisions. Stable injuries without neurological deficit are generally managed conservatively, whereas unstable fractures, posterior ligamentous complex disruption, progressive deformity, neural compression, and neurological deficit are the main indications for surgical intervention. Rehabilitation is important in both operative and non-operative care to support pain control, mobilization, functional recovery, and long-term quality of life. The literature also highlights ongoing challenges related to borderline cases, delayed diagnosis, limited resources, and real-world clinical decision-making.

Conclusion:
Thoracolumbar trauma is a clinically significant and management-sensitive condition with substantial neurological and functional implications. Although classification systems are valuable in guiding treatment, management decisions must remain individualized according to instability, neurological status, ligamentous injury, and patient-specific factors. Early recognition, accurate assessment, timely intervention, and appropriate rehabilitation are essential to improve outcomes and reduce long-term complications.
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1. INTRODUCTION 
Thoracolumbar trauma is one of the most common and clinically important forms of spinal injury, often leading to substantial morbidity, neurological impairment, and long-term disability [13,16,22,25,30]. The thoracolumbar junction is particularly vulnerable because it represents a biomechanical transition zone between the rigid thoracic spine and the more mobile lumbar spine, making it highly susceptible to traumatic forces such as axial compression, flexion, extension, and rotation [3,23,29]. These injuries commonly result from motor vehicle accidents, falls from height, sports injuries, and occupational trauma, with clinical presentations ranging from stable compression fractures to unstable burst fractures, flexion-distraction injuries, and fracture-dislocations [13,22,28,30].
Accurate assessment of thoracolumbar trauma requires careful clinical and neurological evaluation supported by appropriate imaging, with attention to clinical red flags that may indicate significant structural injury [5,7,17,19,22]. While plain radiography may be useful for initial assessment, computed tomography is the main modality for defining bony injury, and magnetic resonance imaging is important for evaluating ligamentous and neural involvement [7,19]. Classification systems such as the AO Spine Classification System and the Thoracolumbar Injury Classification and Severity Score (TLICS) play an important role in injury stratification and treatment planning [1,5,11,12,28]. However, despite their clinical usefulness, important dilemmas remain regarding the interpretation of instability and the indications for conservative versus surgical management [10,15,18,21,22].
Thoracolumbar trauma remains highly relevant for the scientific and clinical community because treatment decisions are often complex and depend on fracture morphology, neurological status, posterior ligamentous integrity, and patient-specific factors [4,8,12,18,21,22]. This review aims to provide a focused overview of thoracolumbar trauma, with particular emphasis on biomechanics, diagnostic evaluation, classification systems, and current management challenges, in order to support evidence-based clinical decision-making.

2. material and methods 
This study was conducted as a narrative literature review on thoracolumbar trauma and its clinical management. The review aimed to summarize current evidence on epidemiology, mechanisms of injury, classification systems, diagnostic evaluation, and treatment strategies for thoracolumbar spine injuries. A literature search was performed using PubMed, Google Scholar, and other accessible academic sources with keywords related to thoracolumbar trauma, spinal fractures, imaging, classification systems, and management.
English-language studies involving human thoracolumbar spine injuries were considered, with priority given to peer-reviewed articles, review papers, clinical studies, and guideline publications. Relevant articles were selected based on their contribution to the understanding of injury mechanisms, biomechanics, clinical presentation, neurological assessment, imaging, classification, and treatment. The included literature was reviewed and synthesized thematically to provide a focused and clinically relevant overview of thoracolumbar trauma.

3. results 
The reviewed literature shows that thoracolumbar trauma is a clinically important form of spinal injury because the thoracolumbar junction, particularly T11–L2 and most commonly T12–L1, is a biomechanically vulnerable transition zone between the rigid thoracic spine and the more mobile lumbar spine [3,13,22,23,30]. This structural characteristic explains the high frequency and wide spectrum of injury patterns in this region, ranging from stable compression fractures to unstable burst fractures, distraction injuries, and fracture-dislocations [6,22,28]. Thoracolumbar trauma represents a substantial proportion of spinal injuries worldwide, with road traffic accidents and falls reported as the most common causes [13,16,22,25,30]. High-energy injuries are more frequently seen in young adult males, whereas low-energy fractures are more common in older patients with osteoporosis or reduced bone quality [13,22,30].
The literature also demonstrates that injury morphology is closely related to the mechanism of trauma [6,7,23,28]. Low-energy trauma more commonly produces compression fractures, while high-energy axial loading and flexion are associated with burst fractures, and distraction or rotational forces are associated with more unstable patterns [6,7,22,28]. L1 is consistently reported as the most frequently affected vertebral level [13,22,30]. Neurological involvement is a major determinant of severity and prognosis, especially in burst, distraction, and translational injuries, which are more often associated with canal compromise and neural compression [4,8,18,27]. The reviewed studies emphasize that delayed diagnosis and treatment are associated with worse neurological and functional outcomes [4,8,24,27].
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Figure 1. Simplified schematic representation of the principal thoracolumbar injury mechanisms and corresponding AO Spine injury patterns: Type A (compression), Type B (distraction), and Type C (rotation/translation). Based on concepts described by Gamanagatti et al. [7].

Imaging plays a central role in evaluation and treatment planning [5,7,19]. Plain radiography may be useful as an initial assessment tool, but computed tomography is more reliable for defining fracture morphology and osseous injury, whereas magnetic resonance imaging is essential for assessing ligamentous disruption, neural compression, and posterior ligamentous complex integrity [7,19]. In this context, classification systems are highly relevant. The Denis three-column model remains useful for understanding structural instability [6], while the AO Spine classification system provides a morphology-based framework for grading injury severity [1,28]. The Thoracolumbar Injury Classification and Severity Score (TLICS) adds clinical value by incorporating fracture morphology, posterior ligamentous complex integrity, and neurological status, thereby helping guide decisions between conservative and operative management [11,12,18].
Management findings across the reviewed literature show that stable injuries without neurological deficit are generally treated conservatively with bracing, analgesia, mobilization, and rehabilitation [10,20,22,26]. In contrast, unstable fractures, posterior ligamentous complex injury, progressive deformity, neural compression, and neurological deficit are the main factors supporting surgical intervention [2,4,8,18,22]. The literature consistently supports early decompression and stabilization in appropriately selected patients, particularly when neurological compromise is present [2,4,8,24]. Rehabilitation remains important in both operative and non-operative cases because long-term outcome depends not only on fracture healing but also on pain control, functional recovery, and prevention of secondary complications [9,22,27]. Overall, prognosis is strongly influenced by the severity of neurological injury, fracture stability, timing of intervention, patient age, bone quality, and associated trauma [4,8,9,24,27].

4. discussion
Thoracolumbar trauma should be regarded as a clinically significant and biomechanically complex condition because it occurs at the transition zone between the rigid thoracic spine and the mobile lumbar spine [3,23]. This structural feature explains why the thoracolumbar junction, particularly T12–L1, is highly vulnerable to injury and why trauma in this region may produce a broad spectrum of fracture patterns and neurological consequences [13,22,23,30]. The reviewed literature consistently shows that injury morphology is strongly influenced by the mechanism and energy of trauma, making biomechanical understanding important for accurate clinical interpretation and treatment planning [6,7,23,29].
One of the most important findings of this review is that classification systems play a central role in evaluating thoracolumbar trauma, but they do not completely eliminate clinical decision-making dilemmas [1,5,11,12,28]. The Denis three-column model remains useful for understanding structural instability [6], whereas the AO Spine classification system provides a practical morphology-based framework [1,28]. The TLICS system adds further value by incorporating posterior ligamentous complex integrity and neurological status, making it more directly applicable to treatment selection [11,12,18]. However, the literature also indicates that borderline cases remain challenging, especially when radiologic appearance, ligamentous injury, and neurological findings do not align completely [10,15,18,21]. Therefore, classification systems should be considered important decision-support tools rather than absolute determinants of treatment [12,18,21,22].
Management remains one of the main areas of controversy in thoracolumbar trauma, and practice variation has also been reported across surgeons and institutions [10,14,15,18,22,26]. Stable compression fractures without neurological deficit are generally managed conservatively with analgesia, bracing, mobilization, and rehabilitation [10,20,22,26]. In contrast, unstable injuries, posterior ligamentous complex disruption, canal compromise, progressive deformity, and neurological deficit are the main indications for surgical treatment [2,4,8,18,22]. The reviewed literature supports early decompression and stabilization in appropriately selected patients, particularly when neurological compromise is present [2,4,8,24]. Nevertheless, the need for surgery is not determined by fracture pattern alone, but also by overall patient condition, associated injuries, bone quality, available clinical resources, and contemporary evolving insights in thoracolumbar trauma care [2,8,12,21,22].
Rehabilitation is a crucial component of thoracolumbar trauma management in both non-operative and operative cases [9,22,27]. In addition to fracture healing and surgical stabilization, structured rehabilitation contributes to pain control, early mobilization, muscle strengthening, prevention of complications related to prolonged immobilization, and improvement of long-term functional recovery and quality of life [9,22,27].
This review also highlights the importance of real-world clinical issues. In everyday practice, management decisions are influenced not only by imaging and classification scores, but also by delayed referral, limited access to CT or MRI, variability in surgical expertise, and differences in health system capacity [5,7,14,19,22]. These challenges are particularly relevant in developing settings, where delayed diagnosis and limited rehabilitation resources may worsen long-term outcomes [9,22,27]. In addition, low-energy trauma in elderly or osteoporotic patients should not be underestimated, because these injuries may still result in pain, deformity progression, reduced mobility, and functional decline [13,22,30].
Neurological status remains the strongest predictor of prognosis and one of the most important factors guiding urgency of treatment [4,8,27]. Thoracolumbar injuries may affect the distal spinal cord, conus medullaris, or cauda equina, producing variable neurological syndromes and making repeated clinical assessment essential [4,22,27]. Long-term outcome depends not only on radiographic healing or technical success of surgery, but also on pain control, functional recovery, rehabilitation, and quality of life [9,22,27]. Overall, thoracolumbar trauma should be approached as a time-sensitive and multidisciplinary condition that requires careful integration of biomechanics, imaging, classification, and individualized treatment planning [8,12,21,22].
This review has several limitations. First, it is a narrative literature review and not a systematic review, which may introduce selection bias in the included studies. Second, the reviewed literature includes studies with varying methodologies and levels of evidence. Third, management recommendations in thoracolumbar trauma may differ across institutions and clinical settings depending on available resources, imaging access, and surgeon experience.

5. Conclusion
Thoracolumbar trauma is a clinically important spinal injury because it is associated with substantial neurological risk, functional impairment, and long-term disability [13,16,22,25,30]. Accurate evaluation requires careful integration of clinical findings, imaging, and injury classification [5,7,19,28]. The AO Spine classification and TLICS systems are useful tools for assessing injury severity and guiding treatment [1,11,12,28], but management decisions must still be individualized according to instability, neurological status, posterior ligamentous complex injury, and overall patient condition [10,15,18,21,22]. Stable injuries are often managed conservatively, whereas unstable fractures and neurologically compromised patients more commonly require surgical stabilization [2,4,10,20,22]. Early recognition, appropriate classification, timely treatment, and appropriate rehabilitation are essential to improve outcomes and reduce long-term complications [8,9,24,27].
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