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Abstract

Spine fractures account for a large portion of muscu-
loskeletal injuries worldwide. A classification of spine
fractures is necessary in order to develop a common
language for treatment indications and outcomes.
Several classification systems have been developed
based on injury anatomy or mechanisms of action, but
they have demonstrated poor reliability, have yielded
little prognostic information, and have not been widely
used. For this reason, the Arbeitsgemeinschaftfiir
Osteosynthesefragen (AO) committee has classified
thorocolumbar spine injuries based on the pathomor-
phological criteria into3 types (A: Compression; B:
Distraction; C: Axial torque and rotational deformity).
Each of these types is further divided into 3 groups and
3 subgroups reflecting progressive scale of morphological
damage and the degree of instability. Because of its
highly detailed sub classifications, the AO system has
shown limited interobserver variability. It is similar to its
predecessors in that it does not incorporate the patient’s
neurologic status.The need for a reliable, reproducible,
clinically relevant, prognostic classification system
with an optimal balance of ease of use and detail of
injury description contributed to the development of
a new classification system, the thoracolumbar injury
classification and severity score (TLICS). The TLICS
defines injury based on three clinical characteristics:
injury morphology, integrity of the posterior ligamentous
complex, and neurologic status of the patient. The
severity score offers prognostic information and is
helpful in decision making about surgical vs nonsurgical
management.

Key words: Trauma; Spine; Thoracolumbar; Classi-
fication; Management

© The Author(s) 2015. Published by Baishideng
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Core tip: The thoracolumbar injury classification and
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severity score (TLICS) is the recent thoracolumbar injury
grading scale to combine injury morphology, evaluation
of mechanical strength pertinent to the posterior
ligamentous complex, and neurologic condition into a
method efficient of directing injury management. The
TLICS provides the best available predictor of surgical
vs nonsurgical management. Radiologists should use
the key components of the TLICS to analyze, evaluate,
and report spine injuries.

Gamanagatti S, Rathinam D, Rangarajan K, Kumar A, Farooque
K, Sharma V. Imaging evaluation of traumatic thoracolumbar
spine injuries: Radiological review. World J Radiol 2015;
7(9): 253-265 Available from: URL: http://www.wjgnet.
com/1949-8470/full/v7/i9/253 . htm DOI: http://dx.doi.org/10.4329/
wjr.v7.19.253

INTRODUCTION

Spinal injuries constitute a significant proportion of
musculoskeletal injuries across the world. Nearly
75% to 90% of spinal fractures occur in the thoracic
and lumbar regions, most commonly involving at the
thoracolumbar junction (T10-L2)"). Despite the high
frequency of thoracolumbar fractures, there is no
single definite consensus on classification and manage-
ment of such injuries. An ideal classification system
is one that is explanatory and analytical, is informal
to learn and apply in medical practice, based on a
naive algorithm with constant radiologic and clinical
features. Furthermore, the classification must give
information on severity and expected description of
an injury configuration. Lastly, for injury prediction,
the classification must help decision-making. Such a
classification system would be instrumental clinical
research. Numerous thoracolumbar spine injury classi-
fication methods have been established to direct clinical
and surgical management™®.

Historical perspective

Watson-Jones”? defined three patterns of spinal injury:
Simple wedge fracture, comminuted fracture, and
fracture-dislocation. This classification system was the
first of its kind which served as a guide for treatment.
This system proposed different reduction methods for
the management of different spinal fractures. Chance™
described a special type of injury caused by forceful
forward flexion. The flexion anteriorly was coupled with
distraction injury at the level of posterior elements, and
was also known as a seat-belt injury. This distraction
injury is characterized by a compression fracture of
the anterior part of the vertebral body, a transverse
fracture line through the posterior part of the vertebral
body which extends into the posterior elements of the
spine. Nicoll® reported a series of 166 thoracolumbar
injuries in coal miners and categorized these fractures
into following categories: (1) anterior wedge fractures;
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(2) lateral wedge fractures; (3) fracture dislocations;
and (4) isolated neural arch fractures. Nicoll, for the
first time, defined stable vs unstable fractures based
on the integrity of the interspinous ligament is a major
determinant of stability. This served as a basis for
subsequent classifications. Holdsworth!'®, described
two-column theory. The anterior column comprises
of anterior longitudinal ligament (ALL), body of the
vertebra and the adjacent intervertebral disc and the
posterior longitudinal ligament (PLL). The posterior
column includes pedicles, facet joints, transverse pro-
cesses, Ligamentum flavum, spinous processes and
the interspinous and supraspinous ligaments. He
also suggested that the posterior column is the major
determinant of spinal stability. Kelly and Whiteside™"
further added to a two-column theory of Holdsworth,
described the anterior vertebral bodies as solid column
and the neural arches as a hollow posterior column.
They highlighted the significance of the posterior
elements in the stability the spine, and also described
that greater instability reflects moreserious type of
injury. Denis!*? later described a three column theory
and devised a sagittal profile of the spine into 3
columns: He added the middle column to the anterior
and posterior columns described earlier. In this theory,
the middle column, constituted by the posterior half of
the vertebral body, the PLL, the posterior half of disc
and the posterior annulus, is in the neutral axis of the
spine.

The middle column is believed to contribute the maxi-
mum to mechanical stability and tolerate the maximum
axial load during flexion and extension movement. The
concept of middle column has introduced 2 distinct
fracture types compression and burst fractures. Com-
pression fractures involve only the anterior column
whereas burst fractures involve both the anterior and
the middle columns. A chance fracture is subsequently
re-defined as a transverse injury that involving all
anterior, middle and posterior columns!*.,

The AO classification™* was the next major develop-
ment in spinal injury classification and uses the three
column concept proposed by Denis!*?,

It categorizes thoracolumbar spinal injuries into
three categories based on the patho-morphological
criteria: compression injury (Group A), distraction injury
(Group B), and translation or rotation injury (Group
C), with up to nine subtypes in each category based
on morphology, fracture site, osseous or ligamentous
disruption, and direction of displacement. One of its
principle rationales is that groups A through C represent
a continuum of progressively increasing injury severity
and instability, with a concomitant increasing likelihood
of the need for surgical stabilization. The AO system
emphasizes the importance of injuries to soft-tissue
structures such as the posterior ligamentous complex,
intervertebral discs, and anterior longitudinal ligament
with respect to spine instability.

The most recent classification TLICS was developed
by the Spine Trauma Study Group!*®!. According to this
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Figure 1 Functional anatomy of the spine (A) and schematic diagrams of
the spine (B) depicting the 2 columns in the spine. Anterior portion of the
functional unit (A) consist of two aligned vertebral bodies, the intervertebral
disc, the anterior and posterior longitudinal ligaments. Posterior portion (B)
consists of the vertebral arches, facet joints, posterior elements and posterior
ligamentous complex.

system an injury severity score is calculated based
on three components: Injury morphology, posterior
ligamentous complex integrity, and neurologic status of
the patient. In each category, a score is calculated with
a smaller score assigned to an injury of lesser severity
and a higher score is assigned to an injury of more
severity requiring urgent management.

The total score serves as a guide to deciding surgical
vs nonsurgical management. The TLICS emphasizes the
role of magnetic resonance imaging in assessing PLC
injury.

This article reviews the functional anatomy of the
thoracolumbar spine, the AO and TLICS classification
of spine injuries, highlights the CT and MR imaging
appearances of spine injuries and a pattern-based
approach for imaging interpretation and communication
with spine surgeons.

FUNCTIONAL ANATOMY AND
BIOMECHANICS OF SPINE

The two vertebrae and the interlinking soft tissues
forms the functional component of the spine™., The
anterior portion of the functional unit contains two
aligned vertebral bodies, the intervertebral disc, and
the anterior and posterior longitudinal ligaments. The
posterior portion consists of the vertebral arches,
facet joints and posterior elements (Figure 1). The
posterior ligamentous complex (PLC) is comprised of
the supraspinous ligament, interspinous ligaments,
articular facet capsules and ligamentum flavum
(Figure 2), serves as posterior tension band of the
spinal column. The supraspinous ligament extends
from C7 to the sacrum, connecting the tips of the
spinous processes. The interspinous ligaments are
membranous structures, which are fragile and thin,
that connect the adjacent spinous processes. Both
the supraspinous and interspinous ligaments have a
high collagen content, and their high tensile strength
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Figure 2 Magnetic resonance anatomy of the spine. T2 weighted sagittal
magnetic resonance (MR) image (A) and T2 weighted axial MR image (B)
show posterior ligamentous complex with ligamentumflavum (white arrow),
interspinous ligament (yellow arrow) supraspinous ligament (red arrow),
spinous process (green arrow) and lamina (orange arrow).

limits flexion of the spine™®. The ligamentum flavum
is a thick broad structure that connects the laminae
of the adjacent vertebrae. It has high elastin content
and exerts a contractile force on the vertebral arches
when it is elongated during flexion. The contractile
force of the ligamentum flavum presses the vertebrae
together and keeps them aligned!"”). The facet joints
are continuations of the laminae and are covered with
hyaline cartilage on their articulating surfaces. They
are the primary elements that act against rotational or
torsional forces. In active extension, the facets function
as a fulcrum, thereby reducing the load on the anterior
column’*®, Axial loading is supported primarily by the
vertebral bodies and intervertebral discs™®. Because
the axis of rotation is immediately anterior to or just
within the anterior half of the vertebral body in the erect
posture, there is a constant counterbalancing of the
posterior ligament and erector spinae muscle forces at
rest and at motion to resist compressive forces on the
vertebral bodies™,

AO CLASSIFICATION

AO classifies thoracolumbar spine injuries into three
categories based on the mechanical forces causing
these injuries (Figures 3 and 4): (1) type A: Com-
pressive force results in compression and burst
injuries; (2) type B: Distraction (tensile) force results
in transverse disruption injuries; and (3) type C: Axial
torque forces results in translation or rotation injuries.

These three types (A, B, C) are further classified into
3 divisions and 3 subdivisions arranged in an increasing
scale of morphological damage and instability (Tables
1-3).

Type A injuries involve the vertebral body. No or
insignificant injury to posterior column is noted

Type B injuries indicate transverse disruptions with
increase of the distance between adjacent vertebrae.
In B1 and B2 the distance between posterior elements
increases and in B3 distance between anterior vertebral
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Figure 3 Biomechanics of spinal injury - AO classification. A-C: Schematic diagrams depicting compression (type A), distraction (type B) and Rotation (type C)

injuries.

Type A

Figure 4 Biomechanics of spinal injury - AO classification. A-C: Computed tomography Volume rendered images depict compression (type A), Distraction (type B)

and Rotation (type C) type injuries.

elements increases. The B1 and B2 injuries are further
sub grouped depending on the type of injury to the
vertebral body.

Type C injury that results from axial torque, and
is most frequently combined with either type A or B
fractures. Therefore further subdivision of type C injuries
depends on the associated type A/B subtype. While
shear refers to force which is parallel to the surface in
question, torsion refers to twisting force. Such shearing
forces in association with twisting forces are also
classified under type C category.

In general, type A fractures only affect a single
column (anterior), where as type B and C fractures
involve either two or all three columns.

Type A: Vertebral body compression

The axial compression with or without flexion injury
affects practically solely the vertebral body. Common
imaging findings comprise: (1) loss of height of anterior
part of vertebral body; (2) at times decrease in height
of the posterior wall of the vertebral body, if it is
fractured; (3) increased horizontal distance between

JRaishideng®
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pedicles due to a vertical split of the lamina; and (4)
increased distance between spinous processes even if
posterior wall is intact.

However, if the interspinous distance is considerably
increased, it usually indicates that a posterior distraction
injury is present. Additionally, although fracture frag-
ments of the posterior wall may be displaced posteriorly
into the spinal canal, no cranio-caudal migration or
rotation of these fragments is seen. On a computed
tomography (CT) scan, displaced fragment have sharp,
dense, smooth posterior margin and indistinct anterior
margin. Translational dislocation in the horizontal plane
does not occur in type A injuries.

The type Al (Figure 5) injuries are impaction
fractures which results in deformity of the vertebral
body due to compression of the cancellous bone There
is no fragmentation of bone. These fractures are
associated with intact posterior column, and there is no
narrowing of spinal canal, therefore neurological deficit
is very rare. These are stable injuries.

The subgroup A.1.1 comprises impaction of end-
plates; A.1.2 is a wedge impaction fracture and A.1.3 is

September 28, 2015 | Volume 7 | Issue 9 |



Gamanagatti S et a/. Imaging of traumatic thoracolumbar injuries

Table 1 Subcategories of AO type A injury

Table 3 Subcategories of AO type C injury

Type A: Vertebral body compression

Al. Impaction fractures

A1.1. Endplate impaction

A1.2. Wedge impaction fractures

A1.2.1. Superior wedge impaction fracture
A1.2.2. Lateral wedge impaction fracture
A1.2.3. Inferior wedge impaction fracture
A1.3. Vertebral body collapse

A2. Split fractures

A2.1. Sagittal split fracture

A2.2. Coronal split fracture

A2.3. Pincer fracture

A3. Burst fractures

A3.1. Incomplete burst fracture

A3.1.1. Superior incomplete burst fracture
A3.1.2. Lateral incomplete burst fracture
A3.1.3. Inferior incomplete burst fracture
A3.2. Burst-split fracture

A3.2.1. Superior burst-split fracture
A3.2.2. Lateral burst-split fracture

A3.2.3. Inferior burst-split fracture

A3.3. Complete burst fracture

A3.3.1. Pincer burst fracture

A3.3.2. Complete flexion burst fracture
A3.3.3. Complete axial burst fracture

Table 2 Subcategories of AO type B injury

Type B: Anterior and posterior element injury with distraction

B1. Posterior disruption predominantly ligamentous (flexion-distraction
injury)

B1.1. With transverse disruption of the disc

B1.1.1. Flexion-subluxation

B1.1.2. Anterior dislocation

B1.1.3. Flexion-subluxation/anterior dislocation with fracture of the
articular processes

B1.2. With type A fracture of the vertebral body

B1.2.1. Flexion-subluxation + type A fracture

B1.2.2. Anterior dislocation + type A fracture

B1.2.3. Flexion-subluxation/anterior dislocation with fracture of the
articular processes + type A fracture

B2. Posterior disruption predominantly osseous (flexion-distraction
injury)

B2.1. Transverse bicolumn fracture

B2.2. With transverse disruption of the disc

B2.2.1. Disruption through the pedicle and disc

B2.2.2. Disruption through the parsinterarticularis and disc (flexion-
spondylolysis)

B2.3. With type A fracture of the vertebral body

B2.3.1. Fracture through the pedicle + type A fracture

B2.3.2. Fracture through the parsinterarticularis (flexion-spondylolysis)
+ type A fracture

B3. Anterior disruption through the disc (hyperextension-shear injury)
B3.1. Hyperextension-subluxations

B3.1.1. Without injury of the posterior column

B3.1.2. With injury of the posterior column

B3.2. Hyperextension-spondylolysis

B3.3. Posterior dislocation

a vertebral body collapse in osteoporotic spines.

The type A2 (Figure 6) injuries result from splitting
of the vertebral body having either a sagittal split (A 2.1),
a coronal split fracture(A 2.2) or may have disc material
entrapped within (pincer) (A2.3). Neurological deficit is

Baishidenge ~ WIR | www.wjgnet.com

257

Type C: Anterior and posterior element injury with rotation

C1. Type A injuries with rotation(compression injuries with rotation)
C1.1. Rotational wedge fracture

C1.2. Rotational split fractures

C1.2.1. Rotational sagittal split fracture

C1.2.2. Rotational coronal split fracture

C1.2.3. Rotational pincer fracture

C1.2.4. Vertebral body separation

C1.3. Rotational burst fractures

C1.3.1. Incomplete rotational burst fractures

C1.3.2. Rotational burst-split fracture

C1.3.3. Complete rotational burst fracture

C2. Type B injuries with rotation

C2.1. Bl injuries with rotation (flexion-distraction injuries with rotation)
C2.1.1. Rotational flexion subluxation

C2.1.2. Rotational flexion subluxation with unilateral articular process
fracture

C2.1.3. Unilateral dislocation

C2.1.4. Rotational anterior dislocation without/with fracture of articular
processes

C2.1.5. Rotational flexion subluxation without/with unilateral articular
process + type A fracture

C2.1.6. Unilateral dislocation + type A fracture

C2.1.7. Rotational anterior dislocation without/with fracture of articular
processes + type A fracture

C2.2. B2 injuries with rotation (flexion distraction injuries with rotation)
C2.2.1. Rotational transverse bicolumn fracture

C2.2.2. Unilateral flexion spondylolysis with disruption of the disc
C2.2.3. Unilateral flexion spondylolysis + type A fracture

C2.3. B3 injuries with rotation (hyperextension-shear injuries with
rotation)

C2.3.1. Rotational hyperextension-subluxation without/with fracture of
posterior vertebral elements

C2.3.2. Unilateral hyperextension-spondylolysis

C2.3.3. Posterior dislocation with rotation

C3. Rotational-shear injuries

C3.1. Slice fracture

C3.2. Oblique fracture

Figure 5 Type A1 compression injuries. Sagittal computed tomogra-
phyimages show (A) end plate impaction (A1.1), (B) wedge impaction (A1.2),
and (C) corpus collapse (A1.3).

uncommon and posterior column is intact.

The highest frequency and severity among type A
fractures is that of burst sub-type of fractures, i.e., A3-
lesion (Figure 7) with the subgroups of A 3.1 (incom-
plete), A 3.2 (burst split) and A 3.3 (complete) burst
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Figure 6 Type A2 compression injuries. Coronal computed tomography (CT) image (A), sagittal CT image (B) and schematic diagram (C) show (A) sagittal split

(A2.1), (B) coronal split (A 2.2) and (C) pincer type injury (A 2.3).

Figure 7 Type A3 compression injuries-burst fractures. Sagittal computed tomography (CT) image (A), sagittal and coronal CT images (B), sagittal and axial CT
images (C) show (A) incomplete burst (A 3.1) (B) burst-split (A 3.2) and (C) retropulsion of fracture fragments suggesting a complete burst injury (A 3.3).

Figure 8 Type B1 flexion distraction injury. Sagittal computed tomography
images show disruption through the posterior ligamentous complex (arrowhead)
with either anterior disruption through the disc (arrow) constituting B1.1 injury (A)
or a type A fracture anteriorly (arrow) constituting type B1.2 injury (B).

fractures. In burst fractures, vertebral body is partly or
completely fragmented resulting in centrifugal spread
and retropulsion of fragments into the spinal canal.
However, PLC is intact. A vertical split through the
lamina or spinous process is usually the only injury to
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the arch, if present.

Type B: Injury to anterior and posterior elements with
distraction

As mentioned earlier, type B injury is one in which
there is transverse disruption with increase of the
inter-vertebral distance either posteriorly (B1, B2)
or anteriorly (B3). Type Bl and B2 indicate Flexion-
distraction injuries where as type B3 is a hyperextension
injury.

In B1 injuries, there is PLC disruption with sublu-
xation/dislocation/fracture involving facet joints. B1
injuries are further subdivided into B1.1 where the
anterior lesion is through soft tissues (through the disc)
and B1.2 where the anterior lesion is bony (type A
fracture) (Figure 8).

In B2 injuries (Figure 9), there is osseous posterior
disruption, i.e., fracture line traversing through the
laminae and pedicles or the isthmi. B2 injuries are
further subdivided (as in B1 lesions) into B2.2 where the
anterior lesion is through soft tissues (disc) and B2.3
where the anterior lesion is bony (type A fracture). The
severity of instability and neurological deficit are slightly
higher than in Bl injuries except for the transverse
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bicolumn fracture (B2.1).

Posterior disruption may involve the erector spinae
muscles, fascia and even subcutaneous tissue in severe
cases of B1 and B2 injuries.

The extent of instability varies from partial to
complete, and there is a significantly higher incidence of
neurological damage in comparison to type A injuries.
Typical radiographic signs of B1 and B2 injuries include,
kyphotic deformity with considerably increased inter-
spinous distance; anterolisthesis; bilateral subluxation
/dislocation/fracture involving facet joints or other
posterior vertebral elements, avulsion fracture of the
supraspinous ligament, anterior end plate shear chip
fracture; avulsion of the posterior edge of the vertebral
body.

When B1 and B2 injuries are seen in association
with burst fractures, the fracture fragment is displaced
posteriorly as well as cranially unlike in type A burst
fractures. In contrast to type A burst fractures, posterior
border is indistinct, and irregular than smooth, dense
anterior border on CT scan. This sign is described as
“inverse cortical sign”.

In B3 injuries (Hyperextension type injury) (Figure
10), the disruption in the transverse plane begins
anteriorly and may proceed posteriorly depending
on the severity of injury. Anterior displacement may
be seen in B3.1 and B3.2 injuries, and posterior
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Figure 9 Type B2 flexion distraction injury. Sagittal computed
tomography (CT) image (A), sagittal and coronal CT images (B)
and sagittal and axial CT images (C) show transverse bicolumn
fracture (B 2.1) [arrow in (A)], flexion-spondylolysis (B 2.2) [arrow in
(B)] and (C) flexion- distraction with type A fracture (B 2.3) (arrow).

Figure 10 Types of hyperextension injuries (type B3). Schematic
diagrams (A, B) and sagittal CT image (C) showing hyperex-
tension with anterior subluxation (B3.1) (A), hyperextension
with spondylolysis and anterior displacement (B3.2) (B) and
hyperextension with posterior dislocation (B3.3) [arrow in (C)].

displacement is characteristic of B3.3 type injury.

Type C: Anterior and posterior element injuries with
rotation

Type C injuries (Figures 11-13) are the most severe
thoracolumbar injuries and are accompanied with the
maximum degree of neurological deficit. Spinal injury
is caused by compression of the spinal cord either by
the fragments dislodged into the spinal canal with or
without infringement of the spinal canal subsequent
to translational displacement. Characteristic features
include rotation of two vertebrae against each other,
ALL and PLL disruption, disc disruption, articular process
fracture (usually unilateral), fracture of transverse
processes, rib fractures in proximity to their vertebral
end, asymmetrical fractures of the neural arch, and
irregular vertebral body fractures. Transverse process
fractures are the major indicators of a rotational
component of lumbar spine fractures. In presence
of transverse process fractures, even if they appear
isolated, one should always make a concentrated effort
for identifying a concealed type injury. These typical
findings of axial rotation are usually seen in association
with either type A or type B lesions. The C1 lesion is
a rotational injury combined with type A-lesion. The
C2-lesion is axial rotation in combination with a type
B injury whereas the C3-lesion is characterized by
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Figure 11 Type C1 rotational injuries. Coronal computed tomography (CT) reformat (A), sagittal CT reformat (B) and axial CT images (C) show C1 injury where

rotation is superimposed on a type A injury.

Figure 12 Type C2 rotational injuries. Coronal computed tomography
(CT) image (A) and sagittal CT images (B) show C2 injury where rotation is
superimposed on type B injury.

multilevel and shear injuries.

TLICS

The TLICS, developed by the Spine Trauma Study
Group, is both a scoring and a classification system
(Figure 14). The system is based on three injury cate-
gories: (1) injury morphology; (2) PLC integrity; and (3)
involvement of the neuraxis*®!. Within each category,
subgroups are arranged from least to most significant,
with a numeric value assigned to each injury pattern.
Point values from these injury categories are totaled
and a comprehensive severity score is calculated
(Table 4). The TLICS helps in predicting biomechanical
and neurologic spinal stability, thereby facilitating
appropriate treatment recommendations. Joaquim et
al*”, found correlation between the TLICS and the AO
classification in a retrospective study.

INJURY MORPHOLOGY
The TLICS uses straightforward morphologic descrip-
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tions based on findings at radiography, CT, or MR
imaging. Compression injuries are described at imaging
as a loss of vertebral body height or disruption of
the endplate™™, Milder forms of compression injuries
implicate only the anterior part of the vertebral body
and increasing severity results in burst fractures. In
TLICS injury morphology scoring, compression injury
receives 1 point and burst fracture receives 2 points.
Compression injuries with a coronal plane distortion of
over 15° are allocated a score of 2 points. Translation
injuries (3 points) are defined at imaging as a horizontal
displacement or rotation of one vertebral body with
respect to another. These injuries result from torsional
and shear forces and are characterized by rotation of the
spinous processes, unilateral or bilateral facet fracture-
dislocation, and vertebral subluxation*®!. Anteroposterior
or sagittal translational instability is best seen on lateral
radiographs or sagittal CT or MR images, while instability
in the mediolateral or coronal plane is best seen on
anteroposterior radiographs and coronal CT images.
Distraction injuries (4 points) are identified at imaging
as anatomic dissociation along the vertical axis. The
disruption may involve anterior and posterior supporting
ligaments, osseous elements, or a combination of both.
When more than one single injury morphology is seen
in combination, the single injury with the largest score is
used. If the injury involves multiple levels of injury, each
injury is scored independently™®’,

PLC INTEGRITY

The PLC serves as the tension band of the spinal column
and protects the spine from excessive flexion, rotation,
translation, and distraction. Once disrupted, the injured
segment of the PLC usually requires surgical intervention
because of its poor healing potential. Without surgery,
an injured PLC can result in kyphotic progression
and subsequent vertebral collapse. PLC integrity is
categorized in the TLICS as intact, indeterminate, or
disrupted. Disruption of the PLC is inferred on radio-
graphs or CT images that show widening of the space
between adjacent spinous processes, avulsion fra-
cture of the superior or inferior aspects of contiguous
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Figure 14 Thoracolumbar injury classification and severity score classi-
fication showing points allotted to each injury morphology. TLICS: Thoraco-
lumbar injury classification and severity score.

spinous processes, widening of the facet joints, “naked”
facet joints where the joint is uncovered, perched or
dislocated facet joints, or vertebral body translation or
rotation (Figure 15)!*>*, Unlike CT, MR imaging allows
direct visualization of the PLC and thus is considered the
imaging standard of reference for detecting PLC injury.
The ligamentum flavum and supraspinous ligament are
best seen on sagittal T1- or T2-weighted MR images
as low-signal-intensity continuous black stripes (Figure
2). The interspinous ligaments are best evaluated with
sagittal short inversion time inversion-recovery (STIR)
or fat-saturated T2-weighted sequences™**!, Axial fat-
saturated T2-weighted MR images should be evaluated
for facet capsular edema or fluid. The most reliable
signs of PLC injury are disruption of the low-signal-
intensity black stripe on sagittal T1- or T2-weighted MR
images, a finding that indicates a supraspinous ligament
or ligamentum flavum tear, and fluid in the facet cap-
sules or edema in the interspinous region on fluid-
sensitive MR images, findings that reflect a capsular or
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Figure 13 Type C3 rotational injury. Sagittal CT image (A), axial
computed tomography (CT) image (B) and Coronal CT image (C)
show shear slice fracture [C3.1 in (A) and (B)] and shear oblique
fracture [C3.2 in (C)].

interspinous ligament injury, respectively, An intact
PLC is assigned a score of 0 points on the TLICS, and
definite ligamentous injury is allocated 3 points. Isolated
edema without clear ligament disruption is considered
an indeterminate finding and is given a score of 2. A
recent prospective analysis of MR imaging accuracy in
diagnosis of traumatic PLC injuries has reported overall
sensitivity and specificity of 91% and 100% respectively,
with 100% accuracy in diagnosis of surgical fractures'”’.
MR imaging accuracy has been reported to be higher
for detecting supraspinous ligament and ligamentum
flavum injuries, where the grading is typically either
“intact” or “disrupted”, and slightly lower for interspinous
ligament and facet capsular injuries, which fall into the
“indeterminate” category because they may include a
finding of edema without clear disruption®®,

NEUROLOGIC STATUS

The patient’s neurologic status is a critical indicator of
the degree of spinal column injury. The TLICS defines
five categories of neurologic status based on deficit
severity and the patient’s recovery potential. Intact
neurologic status at clinical examination is assigned
a score of 0 points, 2 points are assigned to nerve
injury or complete injury to the spinal cord. Contrary
to expectation, a higher score (3 points) is allocated
to incomplete spinal cord injury and cauda equina
syndrome because patients with this type of injury
may receive greater potential benefit from surgical
decompression than patients with complete spinal cord
injury or no initial neurologic injury™. Although clinical
neurologic status cannot be directly determined at
imaging, a cord or nerve root injury should be evaluated
on MR images.

TREATMENT APPROACH

The TLICS total score helps surgeons evaluate injury
severity and decide between surgical and nonsurgical
management (Table 5). A TLICS total score of 3 or
lower generally indicates nonsurgical management with
immobilization with brace and active patient mobilization.
A score of 5 or higher warrants surgical intervention
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Figure 15 Magnetic resonance imaging in thoraco-lumbar injuries. T2
weighted sagittal magnetic resonance images showing cord compression (arrow
in (A)) and disruption of Posterior Ligamentous Complex [curved arrow in (B)].

with correction of deformity, neurologic decompression
if necessary, and stabilization. A score of 4 indicates
an intermediate zone where surgical or nonsurgical
treatment depends on the surgeon’s clinical judgment
and discretion®?. In addition to helping determine the
need for surgical intervention, the TLICS can help guide
the surgical approach. The surgical approach should
be based primarily on the patient’s neurologic status
and the integrity of the PLC (Table 6). Patients with
incomplete spinal cord injury with anterior compression
will usually require an anterior surgical approach, while
patients with an injured PLC will require posterior
surgical stabilization. An anterior surgical approach
allows more predictable and complete decompression
of the neural elements, avoids damage to the posterior
stabilizing structures, and reduces the risk of iatrogenic
injury from posterior-approach manipulation of the
dural sac*®®!, Patients with both a neurologic deficit and
an injured PLC often require a combined anterior and
posterior surgical approach.

IMAGING TECHNIQUES

Multidetector CT

Multidetector CT (MDCT), currently, is the imaging
modality of choice, when there is a high or moderate
index of suspicion of spine injury in a trauma setting.
Radiographs are not usually obligatory prior to CT for
acute spinal trauma, since a negative radiograph does
not exclude getting a spine CT, if the clinical index is
high. Recent literature has shown MDCT to be more
accurate at identification of thoracolumbar injuries
than plain X-ray®™®*, In many level I trauma centers,
including our center as well, CT has replaced plain
radiographs as the initial modality for evaluation of
spinal trauma®®’. CT images are acquired using thinnest
collimation of 0.6 mm and images are reconstructed
using both bone and soft tissue algorithms. Reformation
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is done in sagittal and coronal planes. Images are
viewed in all three planes and in both soft tissue and
bone window on CT workstation for final analysis
and reporting. Intravenous contrast administration
is indicated if the CT is done for suspected injuries in
other body parts like chest, abdomen and pelvis. In
such conditions the coverage of those scans should
be modified to include the spine, eliminating twofold
irradiation. If patients had undergone CT scan for other
body parts, and with raw data still available, then every
effort should be made to reconstruct images from the
raw data and create reformatted images of the spine.
The most critical drawback of CT modality is the failure
to recognize ligamentous and spinal cord injuries.

Magnetic resonance imaging

Magnetic resonance imaging (MRI) is the modality
of choice for identification of injuries to soft tissue
structures like posterior ligamentous complex, spinal
cord, intervertebral disks and adjacent muscles. The MR
protocol for spine trauma includes sagittal T1W, sagittal
T2W, and sagittal STIR images, as well as localized
axial imaging (T1W and Gradient Echo). STIR sequence
helps in detection of soft tissue injuries where as
gradient echo sequence helps in identifying hemorrhagic
contusion of the cord, which has prognostic implication.
Any patient believed to have spinal cord injury deser-
ves MR imaging examination at earliest possible
opportunity. MR imaging has the ability to identify the
location, extent, severity of the cord lesion and also
cause of cord compression. These information are very
useful from management point view where in surgical
intervention may prevent further worsening. Various
types of spinal cord injuries seen include hemorrhagic
contusion, non-hemorrhagic contusion, compression by
epidural hematoma, a bone fragment or herniated disk
material, and complete transection of the cord™". Of the
spinal hematomas, those in epidural locations are most
common. Preoperative diagnostic localization of the
hematoma informs the surgeon of the need to open the
dura or arachnoid, particularly in cases complicated by
the coexistence of epidural and subdural hematomas.
MR imaging also helps in prognostication. Neurological
recovery is generally poor in patients with hemorrhagic
contusion or cord transection than in patients with
simple cord edema or non-hemorrhagic contusion>*,

Spinal trauma in children

Spine injuries are relatively uncommon with the frequ-
ency of 2% to 5% of all spine injuries™”. The flexibility
of spine, the growth potential and other biological
variations between children and adults manifest in
distinctive fracture patterns. The notion of spinal cord
injury without radiological abnormality in children is
known by the abbreviation SCIWORA. New MR seq-
uences such as diffusion-weighted MR imaging (DWI)
and diffusion tensor imaging may help in predicting
the severity of spinal cord injury and prognosticate the
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Table 4 Thoracolumbar injury classification and severity score

injury classification system

Table 6 Surgical approach based on posterior ligamentous
complex integrity

Injury category Point value
Injury morphology
Compression 1
Burst 2
Translation or rotation 3
Distraction 4
PLC Status
Intact 0
Injury suspected or indeterminate 2
Injured )
Neurologic status
Intact 0
Nerve root involvement 2
Spinal cord or conusmedullaris injury
Incomplete 2
Complete 3]
Cauda equina syndrome )

TLICS: Thoracolumbar injury classification and severity score; PLC:
Posterior ligamentous complex.

Table 5 Surgical vs non-surgical decision system according

to thoracolumbar injury classification and severity score
classification

Surgical approach
Intact PLC Disrupted PLC
Posterior Posterior
Combined

Anterior or posterior Combined or posterior

Neurologic status

Intact or nerve root injury
Incomplete cord injury
Complete cord injury

Anterior

PLC: Posterior ligamentous complex.

Table 7 Check-list of findings to be reported on computed

tomography*?

Injury morphology
Primary injury pattern (compression, burst, translation, flexion-distraction)
Basic morphologic description of lesion
Vertebral height loss (approximate percentage)
Retropulsion with central spinal canal narrowing (approximate
percentage)
Other contiguous or noncontiguous injuries
Degree of kyphosis
PLC injury predictors
Facet joint widening
Interspinous distance widening
Spinous process avulsion fracture
Vertebral body subluxation or dislocation

TLICS score Treatment recommendation
0-3 Nonsurgical

4 Nonsurgical or surgical
=5 Surgical

TLICS: Thoracolumbar injury classification and severity score.

recovery from SCIWORAP?,

REPORTING THORACOLUMBAR
INJURIES

CcT

A basic description of injury and extent includes the
degree of comminution, percentage of vertebral hei-
ght loss, retropulsion distance, percentage of canal
compromise, and other contiguous or noncontiguous
vertebral injuries. The anterior vertebral body com-
pression percentage is the percentage of anterior
vertebral body compression with respect to the average
height of the anterior vertebral bodies immediately
cephalad and caudal to the injury level®®*?, Osseous
retropulsion or canal effacement should be reported with
the percentage of spinal canal narrowing. Retropulsion
is the distance of a line drawn between the posterior
margins of the adjacent vertebral bodies and the most
posterior margin of the bone fragment. The distance
between the posterior canal border and the anterior
canal border represents the sagittal canal diameter. The
posterior canal border is the point of convergence of
the left and right laminae at the midline of the spinous
process. The anterior canal border is the posterior extent
of the retropulsed midvertebral body. The proportion of
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PLC: Posterior ligamentous complex; CT: Computed tomography.

spinal canal compromise is estimated using the formula:
a = (1 - x/y) x 100, where a = percentage of spinal
canal compromise, x = midsagittal diameter of the
spinal canal at the level of injury, and y = mean of the
midsagittal diameter of the spinal canal one segment
above and one segment below the level of injury™”.
PLC integrity is predicted based on CT findings of facet
joint widening, interspinous distance widening, spinous
process avulsion fracture, and vertebral body or facet
subluxation or dislocation but it should be directly
assessed with MRI if there is clinical concern®**?, Table
7 represents the checklist of findings to be evaluated in
CT.

MRI

The patient’s PLC status should be reported as injured,
intact, or indeterminate. Findings of potential spinal cord
injury, epidural hematoma, and other ligamentous or
disk injuries are also recorded. Although the radiology
report may include the TLICS total score if there is
clear imaging evidence of neurologic injury, generally
the report will not include the total score if the patient’s
clinical neurologic status is unknown (Table 8).

CONCLUSION

The AO classification is the broadest and the most
rational classification system devised till date, which
represents a gradual progression of morphological injury
using which the extent of instability is determined. A
higher category within this system thus indicates more
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Vertebral body compression?‘—‘

o}
‘Type A injury ‘ ‘Anterior disruption ‘

| Combined with rotation? |

Posterior injury?

‘Combined with rotation? ‘

\_‘

Yes [ No]
Type C Type B Type C Type B
injury injury TypeB3.1.1 injury injury

Figure 16 Simplified algorithms showing morphological classification of
spinal fractures.

Table 8 Checklist of findings to be evaluated on magnetic

resonance imaging

Osseous (similar to injury morphology noted at CT) and soft tissue
injuries
PLC status (intact, indeterminate, or disrupted)
Supraspinous ligament
Ligamentumflavum
Interspinous ligaments

Facet capsule

Disks

Anterior and posterior longitudinal ligaments
Neurologic injuries

Spinal cord and conusmedullaris
Cauda equina

Nerve root injury

Epidural hematoma

PLC: Posterior ligamentous complex; CT: Computed tomography.

severity, thus greater instability and therefore also gives
an indication of the type of treatment and prognosis of
the injury. This classification system can also be made
concise without much loss of information, making it
handy and easy to use in clinical practice. In short
by facilitating recognition of a broad injury pattern, it
provides an algorithm which serves as a useful guide in
for radiologists/ clinicians in training (Figure 16).

The TLICS is the recent thoracolumbar injury grading
scale to combine injury morphology, assessment of
mechanical stability, and neurologic status into a single
system which can guide injury management. The TLICS
provides the best available predictor of surgical vs
nonsurgical management. Radiologists should use the
key components of the TLICS to analyze, evaluate, and
report spine injuries and to help guide decisions about
surgical management.
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