© 2015 The Authors. Published by the British Institute of Radiology

Revised:
19 November 2015

Received:
6 October 2015

Accepted:
26 November 2015

http://dx.doi.org/10.1259/bjr.20150833

Cite this article as:
Guarnieri G, Izzo R, Muto M. The role of emergency radiology in spinal trauma. Br J Radiol 2016; 89: 20150833.

EMERGENCY RADIOLOGY SPECIAL FEATURE: REVIEW ARTICLE

The role of emergency radiology in spinal trauma

GIANLUIGI GUARNIERI, ROBERTO 1ZZO, MD and MARIO MUTO, MD

Neuroradiology Unit, Cardarelli Hospital, Naples, Italy

Address correspondence to: Dr Gianluigi Guarnieri
E-mail: gianluigiguarnieri@hotmail.it

ABSTRACT

Spinal trauma is very frequent injury with different severity and prognosis varying from asymptomatic condition to
temporary neurological dysfunction, focal deficit or fatal event. The major causes of spinal trauma are high- and low-
energy fall, traffic accident, sport and blunt impact. The radiologist has a role of great responsibility to establish the
presence or absence of lesions, to define the characteristics, to assess the prognostic influence and therefore treatment.
Imaging has an important role in the management of spinal trauma. The aim of this paper was to describe: incidence and
type of vertebral fracture; imaging indication and guidelines for cervical trauma; imaging indication and guidelines for
thoracolumbar trauma; multidetector CT indication for trauma spine; MRI indication and protocol for trauma spine.

INTRODUCTION

The trauma of the spine weighs heavily on the budget of
social and economic development of our society. In the
USA, 15—40 cases per million populations with 12,000 cases
of paraplegia every year, 4000 deaths before admission and
1000 deaths during hospitalization are estimated. The young
adult population is the most frequently involved in road
accidents, followed by those at home and at work, with
a prevalence of falls from high and sports injuries."

Imaging has an important role in the management of
spinal trauma. Quick and proper management of the
patients with trauma, from diagnosis to therapy, can mean
reduction of the neurological damage of vital importance
for the future of the patient. Radiologists have a role of great
responsibility to establish the presence or absence of lesions,
defining the characteristics, assessing the prognostic influence
and therefore treatment.

The aim of this paper was to describe:

¢ incidence and type of vertebral fracture

e imaging indication and guidelines for cervical trauma

e imaging indication and guidelines for thoracolumbar trauma
e multidetector CT (MDCT) pattern for trauma spine

¢ MRI pattern for trauma spine.

Vertebral fracture management and imaging

indication and evaluation

The rationale of imaging in spinal trauma is:

¢ To diagnose the traumatic abnormality and characterize
the type of injury.

* To estimate the severity, potential spinal instability or
damaged stability with or without neurological lesion
associated, in order to avoid neurological worsening with
medical legal issue.

e To evaluate the state of the spinal cord and surrounding
structures (MR is the gold standard technique).

Clinical evaluation involving different specialities—emergency
medicine, trauma surgery, orthopaedics, neurosurgery and
radiology or neuroradiology—and trauma information is the
most important key point in order to decide when and which
type of imaging technique is indicated.”

A common question in patients with spine trauma is: is
there still a role for plain-film X-ray compared with CT?

In order to clarify when and what is more appropriate for
spinal trauma, different guidelines were published dis-
tinguishing cervical and thoracolumbar level.

Cervical spinal trauma: standard X-ray and
multidetector CT indication

For cervical level, controversy persists regarding the most
efficient and effective method between cervical standard
X-ray with three film projections (anteroposterior and
lateral view plus open-mouth odontoid view) and MDCT.

X-ray is generally reserved for evaluating patients sus-
pected of cervical spine injury and those with injuries of
the thoracic and lumbar areas where suspicion of injury
is low. Despite the absence of a randomized controlled
trial and thanks to the high quality and performance of
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Figure 1. (a-1). A 20-year-old male involved in a motorbike accident. The multidetector CT with multiplanar reformatted and three-
dimensional volume-rendering reconstructions (a-d) showed traumatic fracture of C6 with traumatic posterior spondylolisthesis
grade Il with spinal cord compression. The MRI (e-h) confirmed the traumatic fracture of C6 with traumatic posterior
spondylolisthesis grade Il with severe spinal cord compression. The post-surgical treatment MRI control (i-1) showed the sagittal
alignment of cervical level and severe hyperintensity signal alteration of the spinal cord from C3 to T1.
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MDCT and its post-processing (multiplanar reconstruction and
three-dimensional volume rendering), the superiority of cervical
CT (CCT) compared with cervical standard X-ray for the detection
of clinically significant cervical spine injury is well demonstrated.

In order to reduce the patient radiation exposure, it is important
to determine and to select patients who need imaging and those
who do not, through the clinical evaluation and probability of
cervical spine injury, using only MDCT for the appropriate
patient as is more cost-effective screening.

First of all, it is necessary to distinguish the type of trauma:

® minor trauma (stable patient, mentally alert, not under the
influence of alcohol or other drugs and who has no history or
physical findings suggesting a neck injury)

® major and severe trauma (multitrauma, unstable patient with
a simple temporary neurological dysfunction, with focal
neurological deficit or with a history or mechanism of injury
sufficient to have exceeded the physiologic range of motion).

Second, it is important to establish if trauma risk factors are

presents, such as:

* violence of trauma: high-energy fall (high risk) or low-energy
fall (low risk)

® age of the patient: <5years old, >65 years old

BJR

® associated lesions: head, chest, abdomen (multitrauma) etc.
* clinical signs: Glasgow Coma Scale (GCS), neurological deficit,
vertebral deformation.

Combining these elements, patients can be divided into “low
risk” and “high risk” for cervical injury.

The first group consists of patients who are awake (GCS 15),
alert, cooperative and non-intoxicated without any distract-
ing injury.

The second group consists of unconscious, sedated, intoxicated
or non-cooperative patients or those with a distracting injury or
an altered mental state (GCS <15) with a 5% chance of cervical
spine injuries.”*

CCT has a wider indication than X-ray for patients at very high
risk of cervical spine injury (major trauma or multitrauma). No
evidence suggests CCT instead of X-ray for a patient who is at
low risk for cervical spine injury.’

In 2000, the National Emergency X-Radiography Utilization
(NEXUS) study, analysing 34,069 patients, established low-risk
criteria to identify patients with a low probability of cervical
spine injury, who consequently needed no cervical spine

Figure 2. (a-g). A 30-year-old male involved in a motorbike accident. The multidetector CT with multiplanar reformatted and
three-dimensional volume-rendering reconstructions (a-d) showed traumatic burst fracture of L1 (A2-type Magerl class) with
posterior bone fragment dislocation into spinal canal. The MRI (e-g) confirmed the burst fracture of L1 with moderate spinal

cord compression.

3 0f 9 birpublications.org/bjr

Br J Radiol;89:20150833


http://birpublications.org/bjr

Guarnieri et al

Figure 3. (a-d) A 50-year-old male involved in a motorbike accident with acute spinal cord compression symptoms on anticoagulation
treatment. The MRI showed an acute haemorrhagic lesion at the C2-C4 posterior epidural space, hypointense on sagittal 7; weighted (a)
and hyperintense on T, weighted (b) with spinal cord compression and dislocation on axial 75* (c) and T, weighted (d).

imaging. To meet the NEXUS criteria, a patient must have the

following conditions:

(1) no tenderness at the posterior midline of the cervical spine

(2) no focal neurologic deficit

(3) normal level of alertness

(4) no evidence of intoxication

(5) no clinically apparent painful injury that might distract the
patient from the pain of a cervical spine injury.®

If all of these roles are present, the patient does not need to
undergo X-ray because he has a low possibility of having a
cervical spine injury with a sensitivity of 99% and a specificity
of 12.9%.

In 2001, the Canadian C-spine rule (CCSR) study developed
a second decision rule using the risk factor of the trauma:
three high-risk criteria (age = 65 years, dangerous mechanism
and paraesthesias in extremities), five low-risk criteria (simple
rear-end motor vehicle collision, sitting position in emergency
department, ambulatory at any time, delayed onset of neck pain
and absence of midline cervical spine tenderness) and the ability
of the patient to actively rotate his or her neck to determine the
need for cervical spine radiography. In practice, if one of these
risk factors is present, the patient needs to undergo imaging
evaluation. On the other hand, if the risk factors are not present,
the use of the NEXUS criteria plus a functional evaluation of
the cervical spine is needed (left and right cervical spine ro-
tation >45°); if this functional evaluation is possible, imaging
is unnecessary. If an incomplete cervical movement is present,
then the patient needs to be checked with imaging. The results
showed the criteria to have a sensitivity of up to 100% and
a specificity of up to 42.5%.°

Applying these criteria, before cervical spine imaging, the
authors report a decrease of about 23.9% in the number of
negative CCT, and applying a more liberal NEXUS criteria in-
cluding the presence or absence of pain, limited range of motion
or posterolateral cervical spine tenderness, they report a decrease
of up to 20.2% in the number of negative studies.”

If these clinical criteria cannot be applied, CCT must be
performed.

Major and severe traumas request a direct CCT screening, es-
pecially because there could be associated lesions, according to
the high-risk criteria developed by Blackmore and Hanson to
identify patients with trauma at high risk of c-spine injury who
would benefit from CT scanning as the primary radiological
investigation” Figure 1.

Thoracolumbar spinal trauma: standard X-ray and
multidetector CT indication

For thoracolumbar level, MDCT is a better examination for
depicting spine fractures than conventional radiography. It has
wider indication in the diagnosis of patients with thoracolumbar
trauma for bone evaluation. It is faster than X-ray, more sen-
sitive, thanks to multiplanar reformatted or volume-rendering
reconstruction detecting small cortical fracture, and the sagittal
alignment can be evaluated with a wide segment evaluation.'’

It can replace conventional radiography and can be performed
alone in patients who have sustained severe trauma.'’

In fact, thoracolumbar spinal injuries can be detected during
visceral organ-targeted CT protocol for blunt traumatic injury.
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Figure 4. A 55-year-old female involved in a car accident with acute left cervical brachialgia. The sagittal 7> weighted (a) and axial 7,
weighted (b) MRI showed a post-traumatic posterolateral herniated disc with spinal cord compression and soft hyper signal

alteration on the C3-C4 spinal cord.

Thanks to multidetector technology, images reconstructed using
a soft algorithm and wide-display field of view that covers the
entire abdomen using a visceral organ-targeted protocol with
1.5-mm collimation are sufficient for the evaluation of spine
fractures in patients with trauma, given that multiplanar refor-
matted images are provided without performing new CT study
and without increasing radiation dose'' Figure 2.

With MDCT there is no information about spinal cord status or
ligament lesion or acute epidural haematoma; it can only evaluate
bone status. Spinal cord injury is suspected only by clinical data.

CCT is strictly recommended in patients affected by blunt ce-
rebrovascular injuries. Both lesions can be strictly correlated and
generally; contrast medium administration to exclude hemor-
rhagic brain lesion and cervical fracture is not needed."’

Spinal trauma and MRI

Even if MDCT is the first imaging modality in a patient with trauma,
MRI is essential for the soft assessment of the ligament, muscle or
spinal cord injury, spinal cord, disc, ligaments and neural elements,
especially using T, weighted sequences with fat suppression or T,
short tau inversion recovery (STIR) sequence.'” MRI is also used to
classify burst fracture, obtaining information about the status of
the posterior ligamentous complex, a critical determinant of surgical
indication even if the diagnosis of ligament injuries remains com-
plex, and its grade is also underestimated using high-field MRI."

In the management of patients with polytrauma, MDCT
total-body scan is necessary in an emergency condition, and

MRI whole-spine indication is secondary to the clinical sta-
tus of the patient: spinal cord compression syndrome
Figure 3-5

Figure 5. A 65-year-old female involved in domestic trauma with
spinal cord symptoms. The sagittal 7; weighted (a) and T,
weighted (b) MRI showed a traumatic T12-L1 spinal cord contusion
hypointense on T; weighted and hyperintense on T, weighted.
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MRI protocols recommended for patients affected by spinal

injury and trauma are the following:'>'*

® Sagittal T weighted, T, weighted and STIR sequence for the
bone marrow and spinal cord injury or spinal cord
compression evaluation owing to epidural haematoma or
traumatic herniated disc

® Sagittal gradient echo T>* sequence for haemorrhage evaluation
of the spinal cord or into the epidural-subdural space

o Sagittal diffusion-weighted imaging helpful when evaluating
spinal cord injury, differentiating cytotoxic from vasogenic

Guarnieri et al

oedema, assisting in detecting intramedullary haemorrhage.
It can help to evaluate the degree of compressed spinal cord.
* Axial T; weighted and T, weighted sequence for the right
localization of the injury. Recently, for patients affected by
acute blunt trauma and cervical spinal cord injury, the axial T,
weighted sequence has been shown to be important for
trauma-predicting outcomes. On axial T, weighted imaging,
five patterns of intramedullary spinal cord signal alteration
can be distinguished at the injury’s epicentre. Ordinal values
ranging from 0 to 4 can be assigned to these patterns as Brain

Figure 6. A 20-year-old female involved in domestic trauma with back pain resistance to medical therapy. The standard antero-
posterior-laterolateral X-ray (a) showed no vertebral fractures. The MRI showed a bone marrow alteration at lumbar vertebral body
hyperintense on 7, weighted (T2W) (a), hypointense on T; weighted (T1W) (b) and short tau inversion recovery (STIR) (c).
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and Spinal Injury Center scores, which encompassed the
spectrum of spinal cord injury severity correlating with
neurological symptoms and MRI axial T, weighted imaging.
This score improves on current MRI-based prognostic
descriptions for spinal cord injury by reflecting functionally
and anatomically significant patterns of intramedullary T,
signal abnormality in the axial plane."

MRI has also an important role in case of discordance between
clinical status and CT imaging. In the absence of vertebral
fracture, patients can suffer from back pain resistant to medical
therapy owing to bone marrow traumatic oedema that can be
detected only using STIR sequence on MRI Figure 6.

In spinal cord injury without radiologic abnormalities (SCI-
WORA), MRI is the only imaging modality that can detect
intramedullary or extramedullary pathologies or show the ab-
sence of neuroimaging abnormalities.'® SCIWORA refers to

BJR

spinal injuries, typically located in the cervical region, in the
absence of identifiable bony or ligamentous injury on complete,
technically adequate, plain radiographs or CT. SCIWORA
should be suspected in patients subjected to blunt trauma who
report early or transient symptoms of neurologic deficit or who
have existing findings upon initial assessment."”

Vertebral fracture type and classification

The rationale of imaging is to distinguish the vertebral fracture

type into two groups:

® vertebral compression fracture as vertebral body fracture
compressing the anterior cortex, sparing the middle posterior
columns associated or not with kyphosis

® burst fracture as comminuted fracture of the vertebral body
extending through both superior and inferior endplates with
kyphosis or posterior displacement of the bone into the canal.
and to distinguish which type of treatment the patient needs;
by imaging, it is possible to classify fractures into stable or

Figure 7. (a-f) A 77-year-old female involved in domestic trauma with back pain resistance to medical therapy. The multidetector CT
(a) showed no vertebral fractures. The MRI showed a Magerl Al fracture with bone marrow oedema at T12-L1 vertebral body
hypointense on 7; weighted (b), hyperintense on 7, weighted (c) and short tau inversion recovery (d) treated by vertebroplasty (e-f).
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Figure 8. (a-d) A 47-year-old male involved in a motorbike accident with back pain resistance to medical therapy. The MRI showed
a Magerl Al fracture with bone marrow oedema at T12 vertebral body hypointense on 7; weighted (a) hyperintense on T, weighted
(b) and short tau inversion recovery (c) treated by assisted-technique vertebroplasty—vertebral body stenting technique (d).

unstable fracture, giving indication to conservative or surgical
therapy.

Using MDCT and MRI, thanks to morphology and injury dis-
tribution, various classification systems have been used for
identifying those injuries that require surgical intervention,
distinguishing among stable and unstable fractures and surgical
and non-surgical fractures.'

Denis proposed the “three-column concept”, dividing the spinal
segment into three parts: anterior, middle and posterior col-
umns. The anterior column comprises the anterior longitudinal
ligament and anterior half of the vertebral body; the middle
column comprises the posterior half of the vertebral body and
posterior longitudinal ligament; and the posterior column
comprises the pedicles, facet joints and supraspinous ligaments.
Each column has different contributions to stability, and their
damages may affect stability differently. Generally, if two or more
of these columns are damaged, the spine becomes unstable.'®

Magerl divided the vertebral compression fracture (VCF) into
three main categories according to trauma force: (a) compres-
sion injury, (b) distraction injury and (c) rotation injury. Type A
has conservative or non-surgical mini-invasive treatment
indication."®

The thoracolumbar injury classification and severity score
(TLICS) system assigns numerical values to each injury based
on the categories of morphology of injury, integrity of the
posterior ligament and neurological involvement. Stable in-
jury patterns (TLICS<<4) may be treated non-operatively with

[
-

brace immobilization. Unstable injury patterns (TLICS>4)
may be treated operatively with the principles of deformity
correction, neurological decompression if necessary and spi-
nal stabilization.*

The Aebi cdlassification is based on three major groups:
A =isolated anterior column injuries by axial compression,
B = disruption of the posterior ligament complex by distraction
posteriorly and C = corresponding to group B but with rotation.
There is an increasing severity from A to C, and within each
group, the severity usually increases within the subgroups from
1 to 3. All these pathomorphologies are supported by the
mechanism of injury, which is responsible for the extent of the
injury. The type of injury with its groups and subgroups is able
to suggest the treatment modality.”!

Thoracolumbar fracture and mini-invasive vertebral
augmentation procedure: imaging target

Recently, different mini-invasive procedures called assisted-
technique vertebroplasty (balloon kyphoplasty KP or
kyphoplasty-like techniques) have been developed in order to
obtain pain relief and kyphosis correction as alternative treat-
ment for non-surgical but symptomatic vertebral fracture.

The rationale of these techniques is to combine the analgesic and
vertebral consolidation effect of vertebroplasty with the resto-
ration of the physiological height of the collapsed vertebral body;,
reducing the kyphotic deformity of the vertebral body, delivering
cement into the fractured vertebral body with a vertebral sta-
bilization effect compared with conservative therapy (bed rest
and medical therapy).**
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From interventional point of view, imaging has an important
role for treatment indication together with clinical evaluation.
Both MDCT and MRI are recommended Figure 7 and 8.

In fact, MDCT has the advantage of diagnosing VCF with ky-

BUR

However, the treatment must be performed within 2-3 weeks
from trauma in order to avoid sclerotic bone response: the
younger the fractures, the better the results and easier the

treatment and vertebral augmentation effect. To exclude scle-

phosis deformity easily, while MRI with STIR sequence is useful to
evaluate bone marrow oedema, an important sign of back pain.

Patients affected by vertebral fracture without bone marrow oedema
on STIR sequence are not indicated for interventional procedure.

According to imaging, Magerl Al classification fractures are the

main indication of treatment.

CONCLUSION

rotic bone reaction, CT is recommended.

The management of spinal trauma remains complex. MDCT has
a wide indication for bone evaluation in patients affected by

severe trauma or patients with high risk of spine injury. MRI has

bone lesion.

major indication in case of spinal cord injury in the absence of
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