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ABSTRACT 

	Aims: This literature review aims to comprehensively explore cervical spine trauma, including its definition, epidemiology, classification, diagnostic approaches, management strategies, and prognosis.
Study design: Literature review.
Place and Duration of Study: Department of Orthopaedics and Traumatology, Faculty of Medicine, Udayana University / Prof. Dr. IGNG Ngoerah Hospital, Denpasar, 2024.
Methodology: A comprehensive literature search was conducted using electronic databases including PubMed, Scopus, and Google Scholar. Relevant articles on cervical spine trauma published between 2000 and 2024 were reviewed.
Results: Cervical spine trauma has an annual incidence of approximately 12/100,000 population. Spinal cord injury occurs in 12-50% of patients. Upper cervical injuries account for 83.5% of cases. Classification systems including AO Spine and SLIC guide treatment decisions. Management ranges from non-operative treatment with cervical collars to operative interventions including fusion and stabilization.
Conclusion: Cervical spine trauma represents a significant cause of morbidity and mortality worldwide. Early recognition, accurate classification, and appropriate management are crucial for optimizing outcomes.
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1. INTRODUCTION 

Cervical spine trauma represents a serious medical condition characterized by injuries to the cervical vertebrae, often leading to severe consequences such as neurological deficits, chronic pain, and diminished quality of life. The cervical spine consists of seven vertebrae (C1-C7) with a unique structure that provides a balance between stability and flexibility, making it highly susceptible to traumatic forces. Injuries can range from minor soft tissue damage to complex fractures and dislocations that may compromise the spinal cord (Negrelli et al., 2018; Torretti and Sengupta, 2007).
Cervical spine trauma has an incidence of approximately 12 per 100,000 population, frequently caused by traffic accidents and falls. The majority of patients are male, with age distribution peaks at 15-45 years and 65-80 years. Spinal cord injury is reported in 12-50% of patients, resulting in significant morbidity and mortality (Linnerud et al., 2012; Utheim et al., 2022).
In developed countries, motor vehicle accidents are the primary cause, while fall-related injuries dominate in older populations. Sports-related injuries also contribute significantly, especially among younger age groups (Zileli et al., 2020). In Indonesia, data from Dr. Soetomo Hospital Surabaya in 2020 recorded 85 cases (67.5%) of cervical spine injuries caused by trauma, with upper cervical injuries dominating at 83.5% (Widhiyanto et al., 2021). Understanding spinal trauma through the academic literature enables healthcare professionals to enhance their knowledge of injury mechanisms, classification and associated risk factors. This academic literature facilitates accurate diagnosis and timely intervention, reducing the risk of complications and improving patient outcomes. 

2. material and methods 

This literature review was conducted by searching electronic databases including PubMed, Scopus, and Google Scholar for articles related to cervical spine trauma. Articles published between 2000 and 2024 were reviewed, with emphasis on original research, systematic reviews, and clinical practice guidelines.

3. results and discussion

3.1 Definition and Epidemiology
Cervical spine trauma encompasses a wide spectrum of injuries ranging from relatively mild ligamentous and muscular injuries to fractures and dislocations of the vertebrae that can result in significant spinal cord injury (SCI). The specialized ligamentous and bony anatomy provides a wide range of motion in the cervical spine but also renders it more vulnerable to injury. Various underlying mechanisms such as hyperflexion, hyperextension, axial loading, rotational forces, and distraction make the cervical spine susceptible to injury (Beeharry et al., 2021).
The annual incidence of traumatic spinal cord injury worldwide is approximately 45-80 cases per million, with low- and middle-income countries (LMIC) experiencing up to 130 cases per million population. Additional reports confirm that spinal trauma rates are 1.6 times higher in LMIC than in high-income countries. In the United Kingdom, cervical spine injuries account for half of all spinal injuries, with approximately 500-600 people experiencing acute traumatic spinal cord injury each year (Herkowitz et al., 2011).
Upper cervical spine injuries are commonly found in children and the elderly over 60 years of age. Motor vehicle accidents account for 38% of cervical injuries in children. Pediatric cervical spine injuries occur in approximately 1-9% of all reported spinal trauma cases, with 56-73% representing upper cervical injuries. In elderly adults over 60 years, C1-C2 injuries account for 69.8% of cases. Odontoid fractures themselves account for 57% of all cervical injuries in this age group. Unlike children and young adults, upper cervical injuries in the elderly are usually caused by minor trauma such as falls from standing height. Lower energy trauma directly correlates with lower rates of nerve injury. However, when neurological deficits occur, they result in poor prognosis in these patients. In this elderly group, mortality rates of 26-28% due to upper cervical trauma have been reported, with a 2-year survival rate of 59% (Herkowitz et al., 2011).

3.2 Anatomy of the Cervical Spine
3.2.1 Bony Anatomy
The cervical spine consists of seven vertebrae (C1-C7), which are the smallest vertebrae. The cervical vertebrae are characterized by small rectangular bodies that are wider laterally than anteroposteriorly. The vertebral arches are large, and the transverse processes contain foramina for the passage of the vertebral arteries (Pearce, 2009).
Anatomically, the cervical vertebrae are divided into two regions: the upper cervical region (C1 and C2) and the lower cervical region (C3 to C7). Among these vertebrae, three have unique anatomical structures and have been given special names: C1 is called the atlas, C2 is called the axis, and C7 is called the vertebra prominens. Vertebrae C3-C6 are considered typical cervical vertebrae as they possess common characteristics (Pearce, 2009).
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Fig. 1. The cervical spine. (Source: Pearce, 2009)

The atlas (C1) has a ring-like structure without a vertebral body and has a very short spinous process. It consists of an anterior arch, posterior arch, two lateral masses, and two transverse processes. The ring shape divides the anterior and posterior portions, with the transverse atlantal ligament crossing between them. The anterior portion of the atlas ring receives the dens (odontoid process) from the axis, while the posterior portion transmits the spinal cord (Netter, 2011).
The axis (C2) is characterized by the presence of the dens or odontoid process, which is a bony projection extending upward from the superior surface of the body. The anterior and posterior surfaces of the dens contain articular facets called the anterior and posterior articular facets (Ombregt, 2013).
The typical cervical vertebrae (C3-C6) have small bodies with short vertebral bodies, square-shaped with slightly rounded corners when viewed from above, and the anterior and posterior body thickness are equal. The spinous processes are bifid (split into two), and the transverse processes contain foramina for the vertebral arteries (Ombregt, 2013). C7 (vertebra prominens) has a characteristic longer spinous process that distinguishes it from other cervical vertebrae (Ombregt, 2013).

3.2.2 Ligamentous Structures
The cervical vertebrae are stabilized by a complex network of ligaments. The occipitoatlantoaxial complex includes ligaments connecting the occiput to the atlas and axis: the anterior atlanto-occipital membrane, posterior atlanto-occipital membrane, and tectorial membrane. Ligaments connecting the axis to the occiput include the apical ligament, longitudinal components of the cruciform ligament, and alar ligaments. The atlantoaxial complex includes the transverse ligament, two accessory atlantoaxial ligaments, and ligamentum flavum. The ligamentum nuchae attaches to the external occipital protuberance, lies in the sagittal plane, and merges with the interspinous and supraspinous ligaments (Ombregt, 2013).
The anterior longitudinal ligament (ALL) is a primary stabilizer of intervertebral joints, originating from the anterior base of the occipital bone and extending to the anterior sacrum. The posterior longitudinal ligament (PLL) is another major stabilizer, located on the posterior surface of the vertebral bodies and forming the anterior border of the spinal canal (Ombregt, 2013).
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Fig. 2. Posterior ligamentous complex. (Source: Ombregt, 2013)

The ligamentum flavum controls excessive flexion movements and reinforces the facet capsular joint. The interspinous ligaments connect adjacent spinous processes, while the supraspinous ligament attaches to the tips of spinous processes from C7 to the sacrum. The intertransverse ligaments connect adjacent transverse processes (Ombregt, 2013).

3.2.3 Muscular Anatomy
The cervical muscles are categorized according to their function such as flexion, extension, or rotation. Muscles and ligaments work together to stabilize the spine, maintain posture, and control movement. The cervical muscles include the sternocleidomastoid (C2, C3), scalenus muscles (lower cervical), spinalis cervicis and capitus (middle/lower cervical), semispinalis cervicis and capitus, splenius cervicis, longus colli cervicis (C2-C7), longus capitus (C1-C3), rectus capitus anterior and lateralis (C2, C3), and the suboccipital muscles (Ombregt, 2013).

3.2.4 Vascular and Neural Anatomy
The circulation of the head and neck can be divided into anterior (carotid) and posterior (vertebrobasilar) circulations. The anterior circulation consists of the internal carotid artery (ICA), which divides into the anterior cerebral artery (ACA) and middle cerebral artery (MCA). The posterior circulation consists of the vertebral arteries (VA), which arise from the subclavian arteries and join to form the basilar artery (BA) (Santillan et al., 2011).
There are 31 pairs of spinal nerves, including 8 cervical pairs (C1-C8). The cervical plexus is formed by C1-C4 nerves and innervates the neck, scalp, neck muscles, and chest. The phrenic nerve (C3-C5) innervates the diaphragm. The brachial plexus is formed by C5-T1 roots and innervates the upper extremities (Ombregt, 2013).

3.3 Classification of Cervical Spine Trauma
Cervical spine trauma is classified based on injury mechanism, anatomical location, and stability. The AO Spine classification system, which incorporates morphology, neurological status, and clinical modifiers, is widely used to guide treatment decisions (Table 1).









Table 1. Classification of Cervical Spine Trauma
	Category
	Type
	Description

	Mechanism of Injury
	Flexion Injuries
	Result from forward bending forces, leading to anterior compression fractures, subluxations, or dislocations

	
	Extension Injuries
	Caused by backward bending forces, often resulting in posterior element fractures or ligamentous injuries

	
	Axial Compression Injuries
	Result from vertical forces, causing burst fractures or comminuted vertebral body fractures

	
	Rotational Injuries
	Involve torsional forces leading to unilateral facet dislocations or fractures

	Anatomical Location
	Upper Cervical (C1-C2)
	Includes atlas fractures, odontoid fractures, Hangman fractures

	
	Lower Cervical (C3-C7)
	Includes subaxial cervical injuries

	Stability
	Stable Injuries
	Preserve the alignment of the spinal column without significant risk of neurological compromise

	
	Unstable Injuries
	Disrupt the posterior ligamentous complex or spinal alignment, posing a high risk of neurological injury


3.4 Upper Cervical Trauma
3.4.1 Occipital Condyle Fractures
Anderson and Montesano developed the first widely accepted classification system for occipital condyle fractures, presenting a 3-part scheme distinguishing fracture types based on injury mechanism: type 1-impaction injury with comminution, type 2-direct blow with linear fracture extension from the occiput to the condyle, and type 3-rotational injury associated with alar ligament avulsion (Fig. 3). Type 1 and 2 injuries are generally considered stable and can be managed nonoperatively, while type 3 injuries are potentially unstable, often indicating surgical intervention (Bransford et al., 2014; Vaccaro et al., 2022).
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Fig. 3. Classification of Occipital Condyle Fractures. (Source: Leone et al., 2000)

Most occipital condyle fractures can be treated nonoperatively. Rigid cervical collar for 8 to 12 weeks is usually sufficient for Anderson type I and II injuries. For type III fractures due to potential instability, halo vest immobilization or operative treatment is indicated. Operative treatment with occipitocervical fusion is indicated for unstable injuries with MRI evidence of tectorial membrane disruption (Lightsey et al., 2025).

3.4.2 Atlanto-occipital Dislocation
Traynelis et al. designed the initial classification of atlanto-occipital dissociation focused on the direction of occiput displacement relative to the cervical spine: anterior (I), longitudinal (II), and posterior (III) (Fig. 4). These injuries are highly unstable and require surgical stabilization (Dahlan et al., 2019).
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Fig. 4. Traynelis classification of atlanto-occipital dislocation. (Source: Lightsey et al., 2025)

Nonoperative treatment has a limited role. Halo immobilization is most often used as temporary stabilization until surgery can be safely performed. Definitive treatment is posterior occipitocervical fusion with occipital plate and screw-rod construct (Lightsey et al., 2025).

3.4.3 Atlas Fractures
Classification of atlas fractures was pioneered by Jefferson, then by Gehweiler, and later Landells described anatomical locations. Levine and Edwards classified atlas fractures based on severity. The Jefferson fracture involves both anterior and posterior arches (Fig. 5) (Baker and Khan, 2024).
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Fig. 5. Jefferson fracture. (Source: Baker and Khan, 2024)

For stable C1 burst (Jefferson) fractures without more serious cervical injury, most surgeons recommend nonoperative management with rigid cervical collar for 8 to 12 weeks. Unstable fractures can be reduced with halo traction and definitively managed with halo vest for 12 weeks. Surgical stabilization is indicated in cases following failure of nonoperative management or when injuries are accompanied by transverse ligament disruption (Lightsey et al., 2025).

3.4.4 Odontoid Fractures
The Anderson and D'Alonzo classification remains the most common system: type 1-oblique fracture of the odontoid tip, type 2-horizontal fracture at the odontoid waist, and type 3-horizontal fracture extending into the axis body (Fig. 6). Modifications by Grauer et al. have attempted to subclassify type 2 fractures based on orientation, displacement, and comminution (Marcon et al., 2013; Vaccaro et al., 2022).
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Fig. 6. Odontoid fracture classification. (Source: Herkowitz et al., 2011)

Rigid collar should be considered for elderly low-demand patients with nondisplaced odontoid fractures. For nondisplaced type II fractures, some believe halo vest is more appropriate due to reported high nonunion rates. Type III fractures generally heal better with external orthosis than type II injuries. Surgical indications in younger patients include fracture displacement >5 mm, angulation >10 degrees, neurological deficit, substantial comminution, or multisystem trauma. Surgical options include anterior odontoid screw fixation and posterior C1-C2 fusion (Lightsey et al., 2025).

3.4.5 Hangman Fractures
Traumatic spondylolisthesis of the axis, known as Hangman fracture, is best classified using a modification of the Effendi classification system (Fig. 7). Type I fractures occur bilaterally through the pars interarticularis with translation <3 mm and no angulation. Type II fractures have translation and angulation of C2 on C3 >3 mm. Type IIA shows significant angulation but minimal translation with significant disc disruption. Type III fractures are highly unstable with severe displacement and angulation associated with unilateral or bilateral facet dislocation (Bernstein and Baxter, 2012; Herkowitz et al., 2011).
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Fig. 7. Hangman fracture classification. (Source: Lightsey et al., 2025)

Most hangman fractures without neurological deficit can be managed nonoperatively. Type I injuries respond well to cervical collar. Type II fractures are best managed with traction followed by halo vest immobilization. However, in type IIA fractures, traction should be avoided as it may worsen deformity. Surgical treatment is indicated for type III injuries with facet dislocation, neurological deficit, or when nonoperative management fails. Surgical options include anterior C2-C3 fusion and posterior C1-C3 fusion (Lightsey et al., 2025).

3.4.6 Atlantoaxial Subluxation and Dislocation
Fielding and Hawkins presented the most commonly used classification for rotatory atlantoaxial injuries: type I-pure rotational injury, type II-rotational malalignment with anterior atlas displacement <3-5 mm, type III-rotational subluxation with displacement >5 mm, and type IV-rotational malalignment with posterior displacement (Bransford et al., 2014; Herkowitz et al., 2011).
Acute rotatory atlantoaxial dislocation can be successfully managed nonoperatively with traction reduction followed by immobilization. Surgical treatment is indicated for cases involving spinal cord injury, significant dynamic instability, or when nonoperative methods fail, with posterior C1-C2 fusion using lateral mass and pedicle screws (Lightsey et al., 2025).

3.5 Lower Cervical Trauma
Classification systems for lower cervical spine injuries include CSISS (Cervical Spine Injury Severity Score), SLIC (Subaxial Cervical Spine Injury Classification), and the AO classification. CSISS analyzes four anatomical columns: anterior, posterior, and two lateral columns. SLIC evaluates fracture morphology, discoligamentous complex, and neurological function to guide treatment decisions (Fig. 8) (Herkowitz et al., 2011).
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Fig. 8. SLIC classification system. (Source: Herkowitz et al., 2011)

3.5.1 Anterior Column Injuries
Compression Fractures: Compression fractures occur due to hyperflexion and/or axial loading forces. Radiographically, anterior wedging and superior endplate fracture are seen (Fig. 9). Isolated compression fractures without posterior ligamentous injury can be managed nonoperatively with external orthosis. When associated with posterior ligamentous injury or facet perching, scores indicate moderate instability requiring surgical stabilization (Herkowitz et al., 2011; Lightsey et al., 2025).
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Fig. 9. Compression fracture with posterior ligamentous disruption. (Source: Zaveri and Das, 2017)

Burst Fractures: Burst fractures result from rapid increase in intradiscal pressure causing superior endplate failure (Fig. 10). Nonoperative management may be considered in patients without neurological deficit, with minimal vertebral body comminution, mild canal compromise, kyphosis <5 degrees, and without posterior ligamentous injury. Patients with neurological deficit require surgical stabilization, with anterior corpectomy being the preferred approach for direct canal decompression (Feuchtbaum et al., 2016; Lightsey et al., 2025).
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Fig. 10. Burst fracture on CT scan. (Source: Herkowitz et al., 2011)
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Description automatically generated]Teardrop Fractures: Flexion-axial loading injuries, also called teardrop fractures, represent severe injuries with high propensity for neurological deficit (Fig. 11). The injury occurs due to compressive force applied obliquely downward and posteriorly. Nonoperative management has a limited role. For patients with neurological deficit, anterior corpectomy with strut graft and rigid plate fixation is indicated. For neurologically intact patients with minimal vertebral height loss and <30% inferior endplate involvement, posterior stabilization may be considered (Herkowitz et al., 2011; Lightsey et al., 2025).
Fig. 11. Teardrop fracture. (Source: Herkowitz et al., 2011)


Disc Distraction Injuries: Disc distraction injuries occur due to hyperextension forces, often in spondylotic spines. These injuries are difficult to diagnose and easily missed even with CT; MRI is essential. Management depends on stability and neurological status (Herkowitz et al., 2011).

3.5.2 Posterior Column Injuries
Isolated posterior column injuries include spinous process fractures, lamina fractures, and posterior ligamentous injury without subluxation. These generally have low CSISS and SLIC scores and can be managed nonoperatively with cervical collar, though MRI is important to assess associated ligamentous injury (Herkowitz et al., 2011).

3.5.3 Lateral Column Injuries
Isolated Facet Fractures: Isolated facet fractures occur due to forced impact against the adjacent facet. Without subluxation, these have low scores and are considered stable, managed with rigid cervical collar for 6-12 weeks. Some surgeons recommend operative treatment due to potential ligamentous instability, with anterior interbody fusion being preferred over posterior approaches (Herkowitz et al., 2011; Lightsey et al., 2025).
Lateral Mass Fractures: Kotani et al. identified four types: type I-split fracture, type II-comminuted fracture, type III-vertical split fracture, and type IV-traumatic spondylolisthesis. Management depends on fracture type and associated instability (Kotani et al., 2005).
Facet Dislocations: Unilateral facet dislocation results in 10-25% vertebral body translation (Fig. 12). Associated disc disruption occurs in most cases, with frank herniation in a minority. Bilateral facet dislocation is a severe injury often resulting in quadriplegia. There is always associated posterior ligamentous complex disruption. Vertebral body translation is at least 50%. These injuries have the highest CSISS (15-20) and SLIC (6-10) scores and are considered unstable, requiring surgical intervention (Herkowitz et al., 2011; Mubark et al., 2021).
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Fig. 12. Unilateral facet dislocation. (Source: Mubark et al., 2021)

3.6 Prognosis

The prognosis of cervical spine trauma is significantly influenced by several key factors. Neurological status at presentation plays a crucial role, with patients experiencing complete spinal cord injury (ASIA Grade A) having a much poorer prognosis compared to those with incomplete injuries. Age and comorbidities also affect recovery potential, as older patients and individuals with pre-existing medical conditions often experience reduced healing and functional outcomes. Additionally, the mechanism of injury is an important determinant, as high-energy trauma is often associated with more severe injuries and consequently worse prognosis. Studies show that early surgical intervention for unstable injuries with neurological deficits can improve outcomes. Rehabilitation also plays a critical role in maximizing functional recovery and minimizing long-term disability. Despite advances in care, complete recovery is rare in severe cases, underscoring the importance of prevention and early management (Herkowitz et al., 2011).

4. Conclusion

The cervical spine's unique structure provides flexibility and stability but also renders it vulnerable to various injuries. Cervical spine trauma ranges from mild soft tissue injuries to complex fractures and dislocations that may threaten spinal cord integrity. Upper cervical injuries are common in both pediatric and elderly populations, while lower cervical injuries predominate in young adults following high-energy trauma.
Classification systems including AO Spine, SLIC, and CSISS guide clinical decision-making. Management depends on injury stability, neurological status, and patient factors, ranging from non-operative immobilization to surgical stabilization and fusion. Prognosis is strongly influenced by initial neurological status, with complete injuries having poorer outcomes.
A comprehensive understanding of cervical anatomy, injury mechanisms, classification systems, and evidence-based management protocols is essential for clinicians to optimize outcomes for patients with cervical spine trauma.


Definitions, Acronyms, Abbreviations

ACDF: Anterior Cervical Discectomy and Fusion
ALL: Anterior Longitudinal Ligament
CSISS: Cervical Spine Injury Severity Score
CT: Computed Tomography
MRI: Magnetic Resonance Imaging
PLL: Posterior Longitudinal Ligament
SCI: Spinal Cord Injury
SLIC: Subaxial Injury Classification
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