
Overview

A comprehensive review of guidelines for the management of spinal cord injury in patients with

polytrauma discusses key management decisions such as stabilization, imaging, and surgical decisions [1].

The National Spinal Cord Injury Statistical Center database provides up-to-date figures on spinal cord

injury, including information on cost and outcomes [2].

A meta-analysis assesses the epidemiology, patient characteristics, and fracture types of traumatic spinal

fractures across all World Health Organization regions and income groups [3].

A meta-analysis discusses the rate of thoracolumbar fractures after blunt trauma [4].

A 70-year longitudinal study evaluates long-term survival in patients suffering from spinal cord injury [5].

The 70-year longitudinal study identifies risk factors associated with mortality and estimates current life

expectancy based on injury severity [5].

A review paper discusses the management of spinal cord injury while stressing the importance of early care

[6].

Medical as well as surgical therapies are discussed in the context of spinal cord injury management [6].

A review discusses new developments in the management of spinal cord injury including surgical

decompression, neuroprotective agents, and clinical management [7].

New translational therapies such as riluzole, minocycline, Neuro-Spinal Scaffold, and fibroblast growth

factors are discussed in the context of spinal cord injury management [7].

A comprehensive review discusses surgical and nonsurgical interventions for all levels of spinal cord injuries

in the trauma bay [8].

Imaging is critical to effective management of spinal trauma [10].

A review discusses the latest guidelines on imaging based on region of spinal trauma (cervical, thoracic, or

lumbosacral) [10].

A review highlights the differences between imaging modalities for spinal trauma [10].

A study provides a guide for utilizing MRI in spinal trauma and uses images to help the reader better

understand and analyze images [11].

E V I D E N C E  S U M M A R Y

Metastatic spinal disease
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A retrospective study evaluates cervical spine trauma and determines the ideal imaging modalities for

identifying bony and ligamentous injury in the cervical spine [12].

A study developed an evidence-based algorithm for management of cervical spine trauma in the trauma

setting with a focus on appropriate cervical spine clearance, optimal use of imaging, and appropriate spine

consultations [13].

Clinical guidelines for the management of patients with acute spinal cord injury and central cord syndrome

identify key management questions and present recommendations on the timing of decompressive surgery

[14].

A cost-utility analysis showed that early decompression was more cost effective than delayed surgical

decompression for traumatic cervical spinal cord injury [15].

Anatomy & Pathophysiology

BONY ANATOMY

The bony anatomy of the spine consists of 7 cervical vertebrae, 12 thoracic vertebrae, 5 lumbar vertebrae, 5

fused sacral vertebrae, and 4 or 5 fused coccygeal vertebrae [18].

The vertebral body is a cylindrical mass of bone connected by pedicles to the posterior arch, which consists

of the lamina and spinous process [18].

The spinal canal is formed by the vertebral body anteriorly, the lamina posteriorly, and the pedicles laterally

[18].

Vertebral bodies function primarily to bear weight and transfer forces to the pelvis and hips [18].

The posterior elements provide protection to neural structures and function as a tension band [18].

The thoracic spine represents two transitional zones: from the highly mobile cervical spine to the rigid

thoracic region, and then back to the more mobile lumbar spine [27].

The thoracic spine forms a bony “cube” with the ribs and sternum, creating an inherently stable structure

that protects the heart and lungs [27].

The spinal canal is narrowest in the thoracic region [27].

Lumbar vertebral bodies have a transverse diameter greater than the anterior-posterior diameter [34].

Lumbar pedicles project more horizontally than thoracic pedicles, with increasing medial angulation from

L1 to L5 [34].

The sagittal orientation of lumbar facet joints allows flexion and extension while providing resistance to

axial rotation and translation [34].

SPINAL CORD ANATOMY

Within the spinal cord, dorsal cells are primarily sensory and ventral cells are primarily motor [31].

The dorsal columns transfer vibration, deep pressure, and proprioception [31].

The lateral spinothalamic tract transmits pain and temperature sensation [31].
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The ventral spinothalamic tract transmits light touch [31].

Efferent voluntary motor function is transmitted along the lateral corticospinal tracts [31].

Nerve fibers for the upper extremities are located deeper within the spinal cord, while those for the torso

and lower extremities are located sequentially more superficially [31].

The conus medullaris lies around the L3 level at birth and moves to the L1-L2 level by adulthood [31].

The neurologic level of the spinal cord does not necessarily correspond with the vertebral level [31].

In the cervical spine, nerve roots exit above the same-numbered pedicle, with the exception of the eighth

nerve root which exits under the C7 pedicle [31].

From T1 distally, nerve roots exit the spine below the same-numbered pedicle [31].

The 31 pairs of spinal nerves consist of 8 cervical, 12 thoracic, 5 lumbar, 5 sacral, and 1 coccygeal pairs

[31].

VASCULAR ANATOMY

The thoracic and lumbar spinal cord is supplied by paired segmental arteries originating from the aorta

[29].

The anterior spinal artery supplies approximately 80% of the vascular supply to the spinal cord [29].

The arteria medullaris magna (artery of Adamkiewicz) typically arises on the left side between the T8 and

L1 levels [29].

The artery of Adamkiewicz is the largest anterior segmental artery and is the primary blood supply to the

lumbosacral spinal cord [36].

Injury to the artery of Adamkiewicz can result in spinal cord infarction [36].

The blood supply to the spinal cord is poorest at T4-T9, which is considered the critical vascular zone where

interference with circulation is most likely to result in paraplegia [32].

The vertebral arteries supply 80% of the radicular arteries in the neck [32].

The anterior longitudinal arterial channel of the spinal cord is crucial for circulation, and preservation of a

single large feeder does not ensure continued satisfactory circulation [32].

LIGAMENTS

The anterior longitudinal ligament is strong, thickest at the center of the vertebral body, and resists

hyperextension [38].

The posterior longitudinal ligament is weaker than the anterior longitudinal ligament and extends from the

occiput to the posterior sacrum [38].

The posterior longitudinal ligament is hourglass-shaped, with wider sections over the discs [38].

Ossification of the posterior longitudinal ligament is associated with an increased risk of dural tears [38].

The ligamentum flavum is a strong yellow elastic ligament connecting the laminae that is constantly in

tension [38].

Hypertrophy of the ligamentum flavum may contribute to nerve root compression [38].
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The supraspinous ligament lies dorsal to the spinous processes and begins at C7 in continuity with the

ligamentum nuchae [39].

The integrity of the posterior ligamentous complex has implications for operative versus nonoperative

treatment [39].

BIOMECHANICS

Normal cervical alignment is approximately 15° of lordosis [28].

The thoracic spine generally ranges from 20° to 40° of kyphosis [28].

The lumbar spine has approximately 40° to 50° of lordosis [28].

Kyphotic segments (thoracic, sacral) are primary curvatures present in utero, while lordotic curvatures

(cervical, lumbar) develop secondarily later in life [28].

The functional spinal unit consists of two vertebrae, the disk between them, and the facet joints and their

capsules [28].

Vertebral bodies bear 70% to 90% of the static axial load of the spine [28].

Facet joints support 10% to 20% of axial load in a standing, neutral alignment [28].

In extension, facet joints may bear up to 30% of the axial load [28].

In flexion, facet joints may be burdened with up to 50% of the anterior shear load [28].

The nucleus pulposus deforms under compressive forces, redistributing axial forces radially, which are

resisted by the tensile properties of the anulus fibrosus [28].

EMBRYOLOGY

The neural tube forms the spinal cord, while the notochord develops into the spinal column (vertebral

bodies and disks) [33].

The neural crest forms the peripheral nervous system, spinal ganglia, and sympathetic trunk [33].

Vertebrae develop from somites, with each vertebra forming from the caudal portion of one sclerotome and

the rostral portion of the subjacent level [33].

The nucleus pulposus derives from notochordal cells, while the anulus fibrosus develops from sclerotomal

cells [33].

Failure of the neural tube to close cranially can cause anencephaly, while failure caudally can cause spina

bifida, meningocele, or myelomeningocele [33].

Failure of segmentation of somites may result in block vertebrae or unsegmented bars [33].

Failure of formation of vertebral structures can lead to congenital hemivertebrae [33].

PATHOPHYSIOLOGY OF SPINAL CORD INJURY

Spinal cord injury often results in irreversible sensory, motor, and autonomic dysfunction [23].

The incidence of spinal cord injury is approximately 54 cases per one million people in the United States

[23].
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Neurogenic shock is characterized by hypotension and bradycardia due to disruption of the sympathetic

pathway within the spinal cord [10].

Neurogenic shock is most common in patients with cervical or upper thoracic spinal cord injury [10].

Spinal shock refers to temporary dysfunction of the spinal cord with loss of reflexes and sensorimotor

function caudal to the level of injury [48].

Spinal shock is manifested by the absence of anal wink and bulbocavernosus reflexes and flaccid paralysis

[48].

Spinal shock usually recovers in 24 to 48 hours but can persist for weeks or months [48].

The secondary injury cascade involves cord ischemia leading to electrolyte shifts, cell membrane alterations,

and accumulation of neurotransmitters and inflammatory mediators [48].

Inflammatory cytokines such as interleukin-6 and tumor necrosis factor are detectable acutely at the site of

spinal cord injury [52].

Activation of apoptotic pathways is detected within 6 hours of injury in both neurons and oligodendrocytes

[52].

Gliosis of the spinal cord begins approximately 1 week after the zone of injury has been established [52].

Macrophage activity removes hematoma and degraded tissue, leaving behind cystic cavities that lead to

disorganized fibrosis [52].

The goal for optimal blood pressure management in spinal cord injury is a mean arterial pressure of 85 to

90 mm Hg with maintenance of 100% oxygen saturation [48].

PATHOPHYSIOLOGY OF METASTATIC DISEASE

Metastases most commonly involve the vertebral body rather than the posterior elements [7].

Between 5% and 10% of patients who die of metastatic carcinoma will have microscopic disease in their

spine [7].

The classic plain radiographic finding in metastatic involvement of the spine is loss of a pedicle on an

anteroposterior view [7].

Most spinal tumors are osteolytic and are not demonstrated on plain films until greater than 30% of the

vertebral body has been destroyed [8].

Malignant tumors occur more frequently in the lower spinal levels (lumbar > thoracic > cervical) and in the

vertebral body [8].

Metastatic disease spreads to the vertebral body first and later to the pedicles [8].

Breast, lung, thyroid, renal, gastrointestinal, and prostate metastases are the most common tumors to

metastasize to bone [8].

MRI is the diagnostic modality of choice for spinal tumors, with malignant tumors showing decreased T1

and increased T2 signal intensities [8].

The presence of an intact intervertebral disk with complete replacement of the vertebral segment and

pedicle involvement suggests metastatic disease [7].
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Pyogenic vertebral osteomyelitis typically involves the lumbar spine (50% of cases) and is usually

hematogenous, with S. aureus responsible for 50%–75% of cases [4].

In pyogenic vertebral osteomyelitis, the disc space is destroyed, whereas in metastatic disease the disc space

is preserved [4].

Spinal tuberculosis originates in the metaphysis of the vertebral body and spreads under the anterior

longitudinal ligament [46].

Spinal tuberculosis leads to destruction of several contiguous levels or results in skip lesions (15%) or

abscess formation (50%) [46].

On early plain radiographs, spinal tuberculosis presents with anterior vertebral body destruction with

preservation of the disc, distinguishing it from pyogenic infection [46].

SPINAL FRACTURE CLASSIFICATION

Spinal fractures, dislocations, and fracture-dislocations are classified using the comprehensive AO/

Orthopaedic Trauma Association classification system [3].

The AO/Orthopaedic Trauma Association classification system is based on an alphanumeric classification

[3].

NEUROLOGIC INJURY CLASSIFICATION

The American Spinal Injury Association (ASIA) Impairment Scale is used to classify spinal cord injuries [3].

ASIA grade A is defined as complete injury with no motor or sensory function preserved in sacral segments

S4-S5 [3].

ASIA grade B is defined as incomplete injury where sensory function, but not motor function, is preserved

below the neurologic level and includes sacral segments S4-S5 [3].

ASIA grade C is defined as incomplete injury where motor function is preserved below the neurologic level

and more than half of the key muscles below the neurologic level have a muscle grade <3 [3].

ASIA grade D is defined as incomplete injury where motor function is preserved below the neurologic level

and at least half of the key muscles below the neurologic level have a muscle grade of ≥3 [3].

ASIA grade E reflects a normal neurologic status with normal motor and sensory functions [3].

Spinal cord injury is stratified into complete (ASIA grade A) or incomplete (ASIA grades B-D) [3].

Paraplegia, defined as paralysis of the lower extremities, results from thoracic and lumbar spine injuries [3].

Quadriplegia, defined as paralysis of all four extremities, results from cervical spine injuries [3].

Clinical Presentation

METASTATIC DISEASE

Metastatic spinal disease most commonly involves the vertebral body rather than the posterior elements

[7].
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Metastases spread to the vertebral body first and later to the pedicles [8, 9].

Malignant spinal tumors occur more frequently in the lower spinal levels, with lumbar involvement more

common than thoracic or cervical [8, 9].

Patients with metastatic spinal disease may experience moderate to severe pain persisting for months

before the onset of focal neurologic deficits [7].

The onset of pain in metastatic spinal disease can be sudden following a pathologic compression fracture

[7].

A history of cancer, recent unexplained weight loss, night pain, and age older than 50 years are diagnostic

indicators for spinal metastasis [8, 9].

The classic plain radiographic finding in metastatic spinal involvement is loss of a pedicle on an

anteroposterior view [7].

Absence of a pedicle is referred to as the “winking owl sign” on anteroposterior radiographs [8, 9].

MRI can differentiate an osteoporotic compression fracture from one caused by a malignant lesion [7].

Complete replacement of the vertebral segment, multiple vertebral body lesions, pedicle involvement, and

an intact intervertebral disk suggest metastatic disease [7].

Patients with myeloma, lymphoma, or leukemia may present with osteopenia of the vertebra [7].

Systemic findings such as weight loss, fatigue, and fever may be present in patients with hematologic

malignancies involving the spine [7].

Careful physical and neurologic examinations are vital for the diagnosis of spinal metastasis [8, 9].

SPINAL TRAUMA AND CORD INJURY

Pain or tenderness anywhere along the spine, from the occiput to the sacrum, should raise concern for a

spinal injury [3].

Most spine injuries do not present with neurologic impairment [3].

Tetraplegia refers to loss or impairment of motor or sensory function in the cervical segments of the spinal

cord with resulting impairment in the arms, trunk, legs, and pelvic organs [2].

Paraplegia refers to loss or impairment of motor or sensory function in the thoracic, lumbar, or sacral

segments of the spinal cord with intact arm function [2].

A complete spinal cord injury is defined as an injury with no spared motor or sensory function in the lowest

sacral segments [2].

An incomplete spinal cord injury is defined as an injury with partial preservation of sensory or motor

function below the neurologic level, including the lowest sacral segments [2].

The neurologic level of the lesion is defined as the highest neural segment having normal motor and

sensory function [2].

The presence of sacral nerve function indicates an incomplete injury and offers potential for recovery of

normal neurologic function over a time span of up to 2 years [2].
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Spinal shock must resolve, evidenced by the return of the bulbocavernosus reflex, before a diagnosis of

complete spinal cord injury can be made [2].

Spinal shock in patients with complete spinal cord injury may last from several hours to several months [2].

Patients with complete spinal cord injury who have recovered from spinal shock have a negligible chance

for useful motor return [2].

Anterior cord syndrome results from direct contusion to the anterior cord or damage to the anterior spinal

artery, leaving only posterior column function such as proprioception and light touch [2].

Central cord syndrome often results from minor injury in older patients with cervical spinal canal stenosis

and is characterized by severe upper extremity paralysis with preserved ability to walk [2].

Brown-Séquard syndrome is a spinal cord syndrome caused by specific cord injury patterns [2].

Neurogenic shock presents as hypotension with bradycardia due to disruption of the sympathetic pathway

within the spinal cord [10, 11].

Neurogenic shock is most common in patients who sustain a cervical or upper thoracic spinal cord injury

[10, 11].

The American Spinal Injury Association (ASIA) Impairment Scale classifies spinal cord injuries into

complete (Grade A) or incomplete (Grades B-D), with Grade E reflecting normal neurologic status [3].

ASIA Grade A is defined as no motor or sensory function preserved in sacral segments S4-S5 [3].

ASIA Grade B is defined as sensory function, but not motor function, preserved below the neurologic level

and including sacral segments S4-S5 [3].

ASIA Grade C is defined as motor function preserved below the neurologic level, with more than half of key

muscles below the neurologic level having a muscle grade less than 3 [3].

ASIA Grade D is defined as motor function preserved below the neurologic level, with at least half of key

muscles below the neurologic level having a muscle grade of 3 or greater [3].

Multiple-level spinal injuries occur in 10% to 20% of cases [10, 11].

Additional vertebral fractures at a different level occur in approximately 10% of cases [3].

SPINAL INFECTION

Unremitting spinal pain at any level is characteristic of pyogenic vertebral osteomyelitis [4, 5].

Tenderness, spasm, and loss of motion are seen in patients with pyogenic vertebral osteomyelitis [4, 5].

Neurologic deficits in spinal infection are seen in older patients, patients with infections at more cephalic

levels of the spine, and those with delayed diagnoses [4, 5].

Patients with osteomyelitis or diskitis of the spine often have an indolent clinical course in which low-grade

back pain increases in severity over several weeks to months [15].

Back pain is the most common presenting report for spinal osteomyelitis or diskitis, followed by fever [15].

34% of patients with osteomyelitis or diskitis presented with some type of neurologic issue, ranging from

radiculopathy to urinary incontinence [15].
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Pyogenic infection can cause neurologic compromise secondary to bony retropulsion or extension into the

epidural space causing an epidural abscess [15].

In children with infectious spondylitis, presentation includes acute back pain and refusal to sit or bear

weight [16, 17].

Radiographic changes in spinal infection usually lag behind clinical findings [16, 17].

The earliest radiographic finding in osteodiscitis is loss of normal lumbar lordosis [53, 54].

Radiographic findings in osteodiscitis do not occur until 10 days to 3 weeks after onset [53, 54].

Plain radiographic findings in pyogenic vertebral osteomyelitis include osteopenia, paraspinous soft tissue

swelling, erosion of vertebral end plates, and disc destruction [4, 5].

Disc space is preserved in metastatic disease, distinguishing it from infection on plain radiographs [4, 5].

MRI is the diagnostic modality of choice for detecting spinal infection and differentiating it from tumor [4,

5].

Gadolinium enhances MRI sensitivity for detecting spinal infection [4, 5].

On T1-weighted imaging, vertebral osteomyelitis or diskitis presents with hypointense signal at the affected

end plate and disk [15].

On T2-weighted imaging, vertebral osteomyelitis or diskitis presents with hyperintense signal in the

vertebral body and disk space [15].

Gadolinium contrast allows differentiation between epidural abscess and cerebrospinal fluid on MRI [4, 5].

Abscess and cerebrospinal fluid have high signal intensity on T2-weighted images [4, 5].

Gadolinium enhances pus on T1-weighted images, whereas cerebrospinal fluid remains low-signal [4, 5].

Laboratory findings in spinal infection include elevated erythrocyte sedimentation rate (ESR), C-reactive

protein (CRP), and white blood cell count [4, 5].

White blood cell count in spinal infection is often high normal or mildly elevated [4, 5].

In children with discitis, radiographic changes appear in the order of loss of lumbar lordosis, disc space

narrowing, loss of vertebral height, and end plate changes [16, 17].

Investigations

IMAGING MODALITIES

Multidetector CT (MDCT) has a sensitivity of 97% to 100% for detecting cervical spine injuries in patients

with neck tenderness and pain [40].

Radiographs, including flexion-distraction or neutral views, have limited utility in the acute setting due to

high false-negative and false-positive rates [40].

CT is the preferred initial examination in trauma patients because of the inherent contrast provided by

bone and unmatched spatial resolution [41].
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MRI is indicated for patients with presumed spinal cord injury to determine the location and severity of the

injury and to identify the cause of spinal cord compression [40].

MRI can reliably identify ligamentous injuries of the cervical spine that may not be clearly identifiable on

MDCT images [40].

MRI is helpful in evaluating soft-tissue injuries such as ligamentous tears, epidural hematoma, and

traumatic disc herniation [41].

In the setting of trauma, MRI is usually reserved for neurologically impaired patients whose CT

examinations are negative or for patients in whom spinal fracture reduction is planned and associated disc

pathology must be excluded [41].

Whole-body CT scans with thin section images and two-dimensional and three-dimensional

reconstructions have largely replaced conventional radiographs for the initial assessment of multiply

injured patients [3].

MRI should only be obtained for patients who are hemodynamically stable and adequately resuscitated [3].

Noncontrast CT scan of the affected part of the spine can show bony morphologic changes in greater detail

than MRI, including bony retropulsion, subchondral sclerosis, and erosion of vertebral end plates [15].

MRI with and without gadolinium contrast allows for detailed imaging of soft-tissue structures and

assessment for local spread of infection, epidural abscess, and chronicity of the infectious process [15].

On T1-weighted MRI, vertebral osteomyelitis/diskitis presents with hypointense signal at the affected end

plate and disk [15].

On T2-weighted MRI, vertebral osteomyelitis/diskitis presents with hyperintense signal in the vertebral

body and disk space [15].

Gadolinium contrast enhances MRI sensitivity for detecting infection and differentiating infection from

tumor [4, 5].

Gadolinium contrast allows for differentiation between epidural abscess and cerebrospinal fluid, as

gadolinium enhances pus on T1-weighted images while CSF remains low-signal [4, 5].

A noncontrast MRI scan is the most useful diagnostic tool for identifying spinal stenosis [20].

CT myelogram is necessary for evaluating spinal stenosis in patients who cannot undergo MRI scans [20].

Standing plain AP, lateral, and flexion-extension x-rays should be taken to rule out associated spinal

instability or deformity in patients with spinal stenosis [20].

Preservation of normal marrow signal in a portion of a compressed vertebral body, especially with a linear

pattern of signal abnormality, is suggestive of a fracture caused by a benign process such as osteoporosis

[41].

Complete marrow replacement or the presence of additional focal abnormal marrow signal at other levels

on MRI should prompt consideration of biopsy for underlying pathologic conditions [41].

The association of an irregular or asymmetric soft-tissue mass or broad convexity of the dorsal vertebral

cortex on MRI is suggestive of underlying neoplasm [41].

Follow-up MRI at 6 to 8 weeks may demonstrate at least partial reconstitution of normal marrow signal

around osteoporotic fractures in questionable cases [41].
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Identification of edema within a compressed vertebra on MRI can confirm a fracture as either acute or

subacute [41].

NEUROLOGIC ASSESSMENT AND CLASSIFICATION

The American Spinal Injury Association (ASIA) Impairment Scale is used to classify spinal cord injuries into

complete (Grade A) or incomplete (Grades B-D), with Grade E reflecting normal neurologic status [3].

ASIA Grade C is defined as motor function preserved below the neurologic level, with more than half of the

key muscles below the neurologic level having a muscle grade <3 [3].

ASIA Grade D is defined as motor function preserved below the neurologic level, with at least half of the

key muscles below the neurologic level having a muscle grade ≥3 [3].

The diagnosis of complete spinal cord injury cannot be made until the period of spinal shock is over, as

evidenced by the return of the bulbocavernosus reflex [2].

The presence or absence of sacral function determines the completeness of the spinal cord injury [2].

Sacral motor function is assessed by testing contraction of the external anal sphincter [2].

Sacral sensation is tested at the anal mucocutaneous junction [2].

Patients with incomplete injuries have the potential to recover normal neurologic function over a time span

of up to 2 years even if paralysis is initially complete [2].

Patients with complete spinal cord injury who have recovered from spinal shock have a negligible chance

for any useful motor return [2].

The neurologic level of the lesion refers to the highest neural segment having normal motor and sensory

function [2].

The time of neurologic assessment must be documented because neurologic deterioration may occur [3].

LABORATORY AND DIAGNOSTIC PROCEDURES

Blood cultures should be obtained to assess for disseminated infection and identification of microbial

pathogen in suspected spinal osteomyelitis [15].

Tissue diagnosis via blood cultures or aspiration of the infection is mandatory for pyogenic vertebral

osteomyelitis [4, 5].

CT-guided bone biopsy can be performed to obtain a sample of the affected vertebral body to allow for

guidance of antibiotic therapy [15].

Epidural steroid injections can serve as a diagnostic study, as nerve compression pain improves with ESI

whereas somatic or mechanical back pain usually is not affected [42].

Transforaminal ESI is performed with the aid of epidurography, which allows visualization of good epidural

flow around the pedicle and verification of the position of the exiting nerve root to confirm good needle

placement [42].
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Treatment

NON-OPERATIVE MANAGEMENT

Nonoperative management for symptomatic metastatic spinal disease includes radiation, corticosteroids,

and/or bracing [7].

Systemic treatment can be used to address primary and metastatic disease in patients with asymptomatic

vertebral metastases that are not at risk for pathologic fracture [7].

Radiation treatment is indicated for patients with pain but no neurologic compromise or risk of impending

fracture [7].

Radiation is indicated for radiation-sensitive tumors such as lymphoma or myeloma even when they

present with neurologic compromise [7].

Emergent radiation is recommended when there is minimal or no bone destruction but cord compression is

caused by tumor extension [7].

A short course of high-dose corticosteroids should be administered to reduce edema surrounding the tumor

that contributes to compression and neurologic damage [7].

Radiation is indicated for patients with medical comorbidities precluding surgery, patients with 6 weeks or

less to live, and those with multilevel disease [7].

Cyberknife radiosurgery can be used in patients who have had prior external beam radiation as it focuses

small beams of radiation into the tumor from many different directions via a robotic arm [7].

Cyberknife radiosurgery is a computer-assisted, minimally invasive procedure that can be performed as an

outpatient in one to three sessions [7].

Nonoperative treatment should be considered for spinal tumors that are radiosensitive, chemosensitive, or

hormonally responsive [8].

Vertebroplasty is a minimally invasive alternative to open surgery for metastatic disease of the spine

(myeloma, breast) without instability or neurologic compromise [8].

Minimally invasive techniques such as kyphoplasty and vertebroplasty are treatment options for patients

with symptomatic metastatic disease to the spine [7].

For spinal epidural abscess without neurologic deficit, conservative management involves IV antibiotics for

at least 6 weeks with close monitoring of inflammatory markers, blood cultures, and neurologic status [49].

Patients with spinal epidural abscess treated conservatively are mobilized throughout the process and can

use external bracing treatment for support [49].

For pyogenic vertebral osteomyelitis, 6 to 12 weeks of IV antibiotics is the treatment of choice after tissue

diagnosis [4].

Bracing may be used adjunctively in the nonoperative treatment of pyogenic vertebral osteomyelitis [4].

For thoracic and lumbar tubercular spinal infection, multidrug therapy using a combination of isoniazid,

rifampicin, pyrazinamide, ethambutol, and streptomycin is the primary treatment [56].
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Patients with normal immune system function may require only 6 months of multidrug therapy for thoracic

and lumbar tubercular spinal infection [56].

Patients with HIV infection or other cause of immune compromise may require 18 to 24 months of

multidrug therapy for thoracic and lumbar tubercular spinal infection [56].

Infection by drug-resistant organisms is a reason for extended multidrug therapy for thoracic and lumbar

tubercular spinal infection [56].

For infectious spondylitis, intravenous antibiotic treatment with coverage for S. aureus is the standard

treatment [16].

OPERATIVE MANAGEMENT

Indications for surgical treatment of vertebral metastasis include progression of disease after radiation [7].

Indications for surgical treatment of vertebral metastasis include neurologic compromise caused by bony

impingement or radioresistant tumor within the spinal canal [7].

Indications for surgical treatment of vertebral metastasis include an impending fracture [7].

Indications for surgical treatment of vertebral metastasis include spinal instability caused by a pathologic

fracture or progressive deformity [7].

The goals of surgery for vertebral metastasis are to maintain or restore neurologic function and spinal

stability [7].

Indications for surgical treatment of spinal metastasis include progressive neurologic dysfunction that is

unresponsive to radiation therapy [8].

Indications for surgical treatment of spinal metastasis include persistent pain despite radiation therapy [8].

Indications for surgical treatment of spinal metastasis include the need for an open diagnostic biopsy [8].

Indications for surgical treatment of spinal metastasis include pathologic mechanical instability [8].

Indications for surgical treatment of spinal metastasis include radioresistant tumor [8].

Life expectancy should play an important role in determining whether surgery is performed for spinal

metastasis [8].

In cases of neurologic deficit and/or spinal instability, anterior decompression and stabilization preserving

intact posterior structures may result in recovery of neurologic function [8].

Posterior stabilization or a circumferential approach is indicated in cases of multiple levels of destruction,

involvement of both the anterior and posterior columns, or translational instability [8].

Anterior decompression is most often necessary to remove the pathologic process responsible for

neurologic deterioration and pain due to the predominant vertebral body location of malignant tumors

[24].

Other indications for anterior surgery include pathologic kyphosis with an intact posterior

osteoligamentous complex [24].

Improvement in pain is possible in 80% to 95% of patients undergoing anterior decompression for spinal

metastasis [24].
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Restoration of neurologic function occurs in 75% of patients undergoing anterior decompression for spinal

metastasis [24].

Decompression often creates instability that requires reconstruction with instrumentation, allografts, and

occasionally structural bone cement [24].

Anterior instrumentation alone often suffices if the posterior osteoligamentous complex is intact and

resection is less than a complete spondylectomy [24].

Additional posterior decompression and stabilization in a combined approach are often necessary if the

spinal canal is compressed anteriorly and posteriorly or if the posterior column is attenuated [24].

A two-stage approach combined under one anesthesia or a simultaneous approach can be used if exposure

of anterior and posterior columns is necessary [24].

High-grade instability, contiguous vertebral involvement, destruction of anterior and posterior columns,

and need for en bloc resection are indications for combined anterior and posterior approaches [24].

For patients with anterior column involvement who are unable to tolerate a thoracotomy, a

costotransversectomy is useful in the thoracic spine [24].

For patients with circumferential spinal cord or neural constriction, a posterior approach is useful in the

lumbar spine [24].

Laminectomy has been shown to be of little value in the treatment of progressive paralysis caused by

malignant spinal tumors in the anterior column [24].

Successful results using laminectomy for progressive paralysis caused by malignant spinal tumors in the

anterior column have been reported in only 30% to 40% of patients [24].

Radical laminectomy for tumor resection is of value when compression is caused by lesions in the posterior

elements compressing the dura [24].

Surgical intervention for spinal epidural abscess is typically performed for all patients with a neurologic

deficit [49].

Surgical intervention for spinal epidural abscess is typically performed for patients who have positive blood

cultures and systemic illness despite appropriate antibiotic therapy [49].

Surgical intervention for spinal epidural abscess is typically performed for patients with significant and

ongoing pain despite medical management [49].

Surgical intervention for spinal epidural abscess is typically performed for patients with progressive

deformity or fracture at the site of the infection [49].

Surgical intervention for spinal epidural abscess typically consists of a laminectomy at the site(s) of the

infection and irrigation and débridement of the infectious collection [49].

Fusion can be performed during surgical intervention for spinal epidural abscess if the surgeon feels there is

significant instability that would result from bony resection [49].

Open biopsy is indicated when a tissue diagnosis has not been made for pyogenic vertebral osteomyelitis

[4].

Anterior débridement and strut grafting are reserved for refractory cases of pyogenic vertebral

osteomyelitis involving neurologic deterioration, extensive bony destruction, or marked deformity [4].
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Posterior surgery is usually ineffective for débridement in pyogenic vertebral osteomyelitis [4].

Posterior stabilization may occasionally be required after anterior débridement and strut grafting for

pyogenic vertebral osteomyelitis [4].

Laminectomy is performed if the epidural abscess is predominantly posterior [4].

If there is concomitant vertebral osteomyelitis, anterior and posterior decompression is performed [4].

Surgery indications for infectious spondylitis include abscess and failure of nonoperative management [16].

The most common surgical indications for thoracic and lumbar tubercular spinal infection include

neurologic deficit [56].

The most common surgical indications for thoracic and lumbar tubercular spinal infection include severe

kyphosis [56].

The most common surgical indications for thoracic and lumbar tubercular spinal infection include pain due

to spinal instability [56].

The most common surgical indications for thoracic and lumbar tubercular spinal infection include failure of

medical therapy [56].

The most common surgical indications for thoracic and lumbar tubercular spinal infection include large

paraspinal or epidural abscess [56].

The most common surgical indications for thoracic and lumbar tubercular spinal infection include more

than four levels of vertebral involvement [56].

If surgical treatment is planned for thoracic and lumbar tubercular spinal infection, multidrug therapy

should be instituted at least 3 to 6 weeks before surgery to suppress the infection [56].

Posterior-only patients treated for thoracic and lumbar tubercular spinal infection had fewer perioperative

complications than those treated with anterior-only or combined approaches [56].

Posterior-only patients treated for thoracic and lumbar tubercular spinal infection had slightly better

outcomes at long-term follow-up than those treated with anterior-only or combined approaches [56].

The use of longer constructs extending two levels above and below the affected levels in the thoracic and

lumbar spine allows better kyphosis correction and maintenance of correction for tubercular spinal

infection [56].

Correction of kyphosis in tubercular spinal infection is achieved by using temporary rods during

debridement and progressively using rod contouring, altering table position, and applying compression

along the rods [56].

Anterior surgery is most helpful when more direct visualization is needed for neural decompression or

when a large abscess is more anteriorly located around the great vessel or other vital structures in tubercular

spinal infection [56].

In the NOMS decision framework, patients with low-grade epidural spinal cord compression, no

myelopathy, radiosensitive tumors, and stable mechanics are treated with conventional external beam

radiation [24].
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In the NOMS decision framework, patients with low-grade epidural spinal cord compression, no

myelopathy, radiosensitive tumors, and unstable mechanics are treated with stabilization followed by

conventional external beam radiation [24].

In the NOMS decision framework, patients with low-grade epidural spinal cord compression, no

myelopathy, radiosensitive tumors, and stable mechanics are treated with stereotactic radiosurgery [24].

In the NOMS decision framework, patients with low-grade epidural spinal cord compression, no

myelopathy, radiosensitive tumors, and unstable mechanics are treated with stabilization followed by

stereotactic radiosurgery [24].

In the NOMS decision framework, patients with high-grade epidural spinal cord compression, no

myelopathy, radiosensitive tumors, and stable mechanics are treated with conventional external beam

radiation [24].

In the NOMS decision framework, patients with high-grade epidural spinal cord compression, no

myelopathy, radiosensitive tumors, and unstable mechanics are treated with stabilization followed by

conventional external beam radiation [24].

In the NOMS decision framework, patients with high-grade epidural spinal cord compression, no

myelopathy, radiosensitive tumors, stable mechanics, and the ability to tolerate surgery are treated with

decompression/stabilization followed by stereotactic radiosurgery [24].

In the NOMS decision framework, patients with high-grade epidural spinal cord compression, no

myelopathy, radiosensitive tumors, stable mechanics, and the ability to tolerate surgery are treated with

conventional external beam radiation [24].

In the NOMS decision framework, patients with high-grade epidural spinal cord compression, no

myelopathy, radiosensitive tumors, unstable mechanics, and the ability to tolerate surgery are treated with

decompression/stabilization followed by stereotactic radiosurgery [24].

In the NOMS decision framework, patients with high-grade epidural spinal cord compression, no

myelopathy, radiosensitive tumors, unstable mechanics, and the ability to tolerate surgery are treated with

stabilization followed by conventional external beam radiation [24].

For a prognostic score of 2 in spinal metastasis, the treatment goal is long-term local control and the

surgical strategy is wide or marginal excision [24].

For a prognostic score of 3 in spinal metastasis, the treatment goal is long-term local control and the

surgical strategy is wide or marginal excision [24].

For a prognostic score of 4 in spinal metastasis, the treatment goal is middle-term local control and the

surgical strategy is marginal or intralesional excision [24].

For a prognostic score of 5 in spinal metastasis, the treatment goal is middle-term local control and the

surgical strategy is marginal or intralesional excision [24].

For a prognostic score of 6 in spinal metastasis, the treatment goal is short-term palliation and the surgical

strategy is palliative surgery [24].

For a prognostic score of 7 in spinal metastasis, the treatment goal is short-term palliation and the surgical

strategy is palliative surgery [24].
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For a prognostic score of 8 in spinal metastasis, the treatment goal is terminal care and the surgical strategy

is supportive care [24].

For a prognostic score of 9 in spinal metastasis, the treatment goal is terminal care and the surgical strategy

is supportive care [24].

For a prognostic score of 10 in spinal metastasis, the treatment goal is terminal care and the surgical

strategy is supportive care [24].

Preoperative embolization should be considered, in particular for renal cell and thyroid carcinomas [8].

Adjuvant therapy including chemotherapy and external beam radiation therapy should be considered and

can be an important part of therapy for many spinal primary and metastatic tumors [8].

Radiation should be added preoperatively or postoperatively to improve local disease control when patients

are treated with surgery for vertebral metastasis [7].

Surgical intervention along with adjuvant radiation and/or chemotherapy should be considered for patients

with mechanical instability or evolving/progressive neurologic deficit [8].

In the case of epidural spinal cord compression, radiation therapy should be combined with direct surgical

decompression for the best clinical outcomes [8].

Because of the hypercoagulable state of malignancy, especially in patients with paraplegia, the use of a

preoperative inferior vena cava filter should be considered [24].

Anticoagulation therapy should be considered perioperatively for patients with spinal metastasis due to the

hypercoagulable state of malignancy [24].

Irradiation should be planned carefully to allow for incorporation of grafts when used, best accomplished

by performing the irradiation preoperatively or delaying it until at least 3 weeks postoperatively if possible

to improve fusion rates [24].

For HIV-positive patients with advanced spinal TB, the patient’s ability to survive a surgical insult must be

considered [21].

For HIV-positive patients with advanced spinal TB and large paraspinal abscesses with little kyphosis, a

simple procedure such as a costotranssectomy is all that is required [21].

Complications

NEUROLOGIC AND FUNCTIONAL

In anterior cord syndrome, if there is no recovery of motor function and pain sensation 4 weeks after injury,

the prognosis for significant motor return is poor [2].

In central cord syndrome, most patients are able to walk despite severe paralysis of the upper extremity [2].

In central cord syndrome, physical function scores do not improve to the same extent as motor function and

sensation even after surgical intervention [25].

Almost a third of patients with central cord syndrome are dissatisfied with their final functional outcome

[25].
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Many patients with central cord syndrome will have complete motor and sensory recovery but demonstrate

residual signs and symptoms of myelopathy, such as walking imbalance or diminished finger dexterity [25].

Results using laminectomy for progressive paralysis caused by malignant spinal tumors in the anterior

column are inferior to the results obtained with radiation alone [24].

Decompression alone for spinal deformity could result in increased postoperative deformity or iatrogenic

instability [13].

SURGICAL AND PROCEDURAL

An overall complication rate of approximately 10% is expected when correcting posttraumatic deformities

[26].

Extending distal fusion to S1, rather than stopping at L5, increases operative time, complication rate,

revision rate, and risk of pseudarthrosis [13].

Pseudarthrosis is the most common level for complications when distal fusion is extended to S1 [13].

Surgical treatment for metastatic spinal disease is often a major undertaking that has significant morbidity

and may require a prolonged recovery [7].

Decompression for metastatic spinal disease often creates instability that requires reconstruction with

instrumentation, allografts, and occasionally structural bone cement [24].

Cement leakage is a documented complication in the treatment of burst fractures with posterior

instrumentation [26].

Lack of reduction and decompression in the treatment of burst fracture with neurologic deficit may require

revision surgery [26].

SYSTEMIC AND PHYSIOLOGIC

Neurogenic shock is characterized by hypotension with bradycardia due to disruption of the sympathetic

pathway within the spinal cord [10].

Neurogenic shock and hypovolemic shock often occur concurrently in the setting of spine trauma [10].

The hypercoagulable state of malignancy, especially in patients with paraplegia, necessitates consideration

of preoperative inferior vena cava filter and perioperative anticoagulation therapy [24].

Recovery

Long-term survival after traumatic spinal cord injury has been evaluated in a 70-year British longitudinal

study [5].

Risk factors associated with mortality and current life expectancy estimates based on injury severity have

been identified in long-term survival studies [5].

A meta-analysis assessed the epidemiology, patient characteristics, and fracture types of traumatic spinal

fractures across all World Health Organization regions and income groups [3].

A meta-analysis discussed the rate of thoracolumbar fractures after blunt trauma [4].
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Early cervical spine surgery was shown to be more cost-effective than delayed surgical decompression in a

cost-utility analysis utilizing the STASCIS trial population [15].
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