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Study Design. Reliability and agreement study, retrospective
case series.

Objective. To develop a widely accepted, comprehensive yet
simple classification system with clinically acceptable intra- and
interobserver reliability for use in both clinical practice and research.
Summary of Background Data. Although the Magerl
classification and thoracolumbar injury classification system (TLICS)
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are both well-known schemes to describe thoracolumbar (TL)
fractures, no TL injury classification system has achieved universal
international adoption. This lack of consensus limits communication
between clinicians and researchers complicating the study of these
injuries and the development of treatment algorithms.

Methods. A simple and reproducible classification system of TL
injuries was developed using a structured international consensus
process. This classification system consists of a morphologic
classification of the fracture, a grading system for the neurological
status, and description of relevant patient-specific modifiers. Forty
cases with a broad range of injuries were classified independently
twice by group members 1 month apart and analyzed for
classification reliability using the Kappa coefficient (k).

Results. The morphologic classification is based on 3 main injury
patterns: type A (compression), type B (tension band disruption),
and type C (displacement/translation) injuries. Reliability in the
identification of a morphologic injury type was substantial (x = 0.72).
Conclusion. The AOSpine TL injury classification system is
clinically relevant according to the consensus agreement of our
international team of spine trauma experts. Final evaluation data
showed reasonable reliability and accuracy, but further clinical
validation of the proposed system requires prospective observational
data collection documenting use of the classification system,
therapeutic decision making, and clinical follow-up evaluation by a
large number of surgeons from different countries.

Key words: spinal injury classification, thoracolumbar, consensus
development, agreement study, reliability, accuracy.

Level of Evidence: 4
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lassification of spinal fractures to facilitate communi-
cation and encourage optimal treatment protocols has
long been a focus of the spine community. Many clas-
sification systems have been proposed but none has achieved
universal adoption. Proposed systems have used diverse
injury characteristics as the basis for classification such as
inferred mechanism of injury,! bony morphology,?~ anatomic
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determinants of fracture stability,>® and neurological status.>¢
In particular, the contributions of McAfee et al. lead to an
understanding of the association between fracture morphol-
ogy and stability, providing much of the intellectual basis for
later schemes which used morphology to describe fracture
stability and treatment recommendations.”” Of the morphol-
ogy-based classification systems, the Comprehensive Classifi-
cation scheme proposed by Magerl et al* is arguably the most
systematic and detailed. The Magerl classification includes
a comprehensive description of fracture anatomy and was
intended to follow a hierarchical system in which successive
grades represent increasing fracture severity, instability, and
consequently an inferred increased risk of neurological injury,
by comprehensively describing subdivisions of injury vari-
ants. Criticized for being overly complex, the Magerl system
did not give formal consideration to the neurological injury
or other clinical factors which may guide surgeon decision
making,>! concepts increasingly embraced as classification
systems are expected to provide prognostic, and treatment
guidance. Furthermore, the Magerl classification has neither
been clinically validated nor revised to improve its reliability
and clinical applicability.!!?

In contrast to the Magerl system, the thoracolumbar injury
classification system (TLICS) evaluates the neurological sta-
tus, integrity of the posterior ligamentous complex (PLC),
and injury morphology of each patient using descriptive cat-
egories.® TLICS also aims to guide treatment decision using
a scoring system, which assigns point values based on neu-
rological status, integrity of the PLC, and morphology. Point
totals are then used to recommend surgical or nonsurgical
treatment, or the point total is indeterminate, and the treating
surgeons must use their clinical judgment. Although inclusion
of neurological status in the scheme may increase the clinical
relevance of this system, the TLICS has also met with several
criticisms. The reproducibility and feasibility of evaluating
PLC integrity using magnetic resonance imaging (MRI) has
been questioned.!>'* Also, the chosen severity scoring system
guiding treatment may be a culture- or region-specific decision
and may not reflect global surgical preferences or the most
rational approach to treatment.

The AOSpine Trauma Knowledge Forum, an international
group of academic spine surgeons, was tasked to develop and
validate a classification system incorporating both fracture
morphology and clinical factors relevant for surgical decision
making, such as the presence of neurological deficits. The goal
of this effort was to develop a widely accepted, comprehen-
sive yet simple classification system with clinically acceptable
intra- and interobserver reliability to be used for clinical prac-
tice and research purposes.

MATERIALS AND METHODS

The methodological background of the entire process and the
4 spine regions (upper cervical, lower cervical, thoracolumbar
[TL], and sacral) to be described by this classification system
have been separately described in detail along with an earlier
iteration of the classification system.'* A workgroup of the
AOSpine (AOSpine Classification Group) has systematically

Spine

assessed and revised the Magerl classification using an AOSpine
database of more than 750 spinal trauma cases with digital
imaging and communications in medicine images to develop a
rational, simple, and reproducible morphologic classification.
This workgroup conducted evaluation sessions to assess the
reliability and accuracy and identified areas of disagreement,
which required further refinement until a unanimous consen-
sus was reached regarding classification details and application
of the system, and adequate reliability was achieved.

Seven face-to-face meetings and 5 evaluation sessions were
ultimately necessary to achieve a consensus system for grad-
ing TL fracture morphology. The results of the final session
with respect to reliability analysis of fracture morphology are
presented; during the final session the concepts of neurologi-
cal and patient-specific modifiers were incorporated with the
eventual goal of predicting treatment approaches and progno-
sis in addition to describing morphology. The case series dur-
ing this last final session included 40 cases representing a ran-
dom selection of TL injuries from one author’s practice across
all grades of injury and neurological status. A consecutive
series could not be used for this study as the less severe grades
of injuries predominate on the basis of an incidence, and the
resulting reliability analysis would not accurately describe
application to a complete range of injury morphology. In total,
9 fellowship-trained spine surgeons with experience in spinal
trauma graded the cases. A second round of grading 1 month
after the first round was performed after the case order had
been scrambled using a random number generator.

Cases were graded by injury type (A, B, C). Because each
patient could potentially have more than one injured spinal
level, the level of injury to be graded was designated when
imaging demonstrated multiple injuries. For type A injuries,
only cases with single vertebral body injury (disregarding the
B and C coding) were included to ensure that the surgeons
were assessing the same injury. Verbal descriptions of injury
patterns were combined with standardized iconic images of
each injury type allowing both a rigorous visual and linguis-
tic descriptive understanding of each injury pattern. Verbal
descriptors were not incorporated into the reliability analysis.

For type B and type C injuries, concurrent type A or
type B injuries at the same level were graded by readers, but
only the most severe injury was considered for the purposes
of data analysis.

Statistical analysis used the Kappa coefficient (k) to assess
the reliability of the classification system among different
observers (interobserver agreement) and the reproducibility
for the same observer on separate occasions (intraobserver
reproducibility). The coefficients were interpreted using the
Landis and Koch grading system,'® which defines k of less
than 0.2 as slight agreement or reproducibility, between 0.2
and 0.4 as fair agreement or reproducibility, between 0.4 and
0.6 as moderate agreement or reproducibility, between 0.6
and 0.8 as substantial reliability or reproducibility, and more
than 0.8 as excellent reliability or reproducibility. k coeffi-
cients were calculated for most severe injury type (i.e., A, B,
or C), subtype (e.g., A0, A1, A2, A3, or A4), and neurological
status by history. Fractures categorized by at least one assessor
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as a type A fracture or as a type B fracture were included in
a subgroup analysis for intrarater reproducibility of subtypes
for type A and type B injuries.

RESULTS

This classification is based on the evaluation of 3 basic param-
eters:

1. Morphologic classification of the fracture
2. Neurological status
3. Clinical modifiers

Morphologic Classification

Similar to the Magerl system,* successive injury types indicate
ascending severity of injury: Three basic types are identified
on the basis of the mode of failure of the spinal column
(Figure 1), and the algorithm to identify fractures is described
in Supplemental Digital Content Appendix 1, available at
http://links.lww.com/BRS/A810.

Type A: Compression injuries.
Type B: Failure of the posterior or anterior tension band
without evidence of either gross translation or the poten-
tial for gross translation.

e Type C: Failure of all elements leading to dislocation or
displacement in any plane or complete disruption of a
soft-tissue hinge even in the absence of translation.

GRADING OF INJURIES

Type A injuries may affect a single vertebral body in isolation
or occur in combination with type B or type C injuries. B2,
B3, and type C injuries affect a motion segment and are coded
accordingly by motion segment (e.g., T12-L1), whereas A
and B1 injuries are coded by the single vertebral level they
affect (e.g., L2). The colloquial term for the injury (e.g., burst,
compression fracture, and distraction extension injury) may
be listed after the alphanumeric designation to increase accep-
tance and usage among those surgeons who are more familiar
with these descriptors, although it is recognized this is some-
what redundant (see Figure 2, Supplemental Digital Content
available at http:/links.lww.com/BRS/A812). Multilevel inju-
ries should be classified separately and listed according to

Figure 1. The 3 basic types—Type A: Compression injuries. Failure of
anterior structures under compression with intact tension band. Type
B: Failure of the posterior or anterior tension band. Type C: Failure of
all elements leading to dislocation or displacement.
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Figure 3. Subtype AO—Minor injuries: Injuries such as transverse pro-
cess or spinous process fractures, which do not compromise the me-
chanical integrity of the spinal column. Figure 3 demonstrates sche-
matic drawing of this injury while Figure 3.2 available at Supplemental
Digital Content http://links.lww.com/BRS/A813 shows a CT scan of a
patient with this injury. CT indicates computed tomography.

declining severity. When injuries of the same subtype are pres-
ent, the injuries will be described in order of cranial to caudal
location. This system obligates treating surgeons to examine
all TL motion segments carefully to accurately and compre-
hensively describe the injury accurately and comprehensively.
Clinical cases are included in Supplemental Digital Content
Appendix 2 available at http:/links.lww.com/BRS/A811.

Type A Injuries: Compression Injuries of the

Vertebral Body

Type A injuries involve the anterior elements (vertebral
body and/or disc), and this type includes clinically insignifi-
cant injuries to the elements such as transverse or spinous
process fractures. More severe type A injuries involve verte-
bral body burst fractures with retropulsion of the posterior
vertebral body without disruption of the PLC and without
any translation/displacement. Type A injuries are further
divided into 5 subtypes.

e Subtype A0 either designates no fracture of the verte-
bra or clinically insignificant fractures of the spinous or
transverse processes as shown in Figure 3; Figure 3.2,
Supplemental Digital Content available at http://links.
lww.com/BRS/A813. Comment: Whether this designates
lack of any visualized injury or a clinically insignificant
injury, there is no concern for mechanical instability or a
neurological deficit.
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Figure 4. Subtype A1—Wedge Compression: Fracture of a single end-
plate without involvement of the posterior wall of the vertebral body.
Vertebral canal is intact. Figure 4 demonstrates schematic drawing of
this injury while Figure 4.2 available at Supplemental Digital Content
http://links.lww.com/BRS/A814 shows a CT scan of a patient with this
injury. CT indicates computed tomography.

e Subtype Al injuries are wedge compression or impac-
tion fractures with fracture of a single endplate without
involvement of the posterior wall of the vertebral body
as demonstrated in Figure 4; Figure 4.2, Supplemental
Digital Content available at http:/links.lww.com/BRS/
A814.

e Subtype A2 injuries are split- or pincer-type fractures
in which the fracture line involves both endplates but
does not involve the posterior vertebral wall as shown in
Figure 5; Figure 5.2, Supplemental Digital Content avail-
able at http://links.lww.com/BRS/A8135.

e Subtype A3 injuries are vertebral fractures affecting a
single endplate with any involvement of the posterior
vertebral wall and the spinal canal as shown in Figure 6;
Figure 6.2, Supplemental Digital Content available at
http://links.lww.com/BRS/A816. The compressive forces
may also result in increased interpedicular distances and
vertical (greenstick-like) fractures of the lamina. The in-
tegrity of the posterior tension band is maintained and

Figure 5. Subtype A2—Split or pincer-type: Fracture of both endplates
without involvement of the posterior wall of the vertebral body. Figure
5 demonstrates schematic drawing of this injury while Figure 5.2 avail-
able at Supplemental Digital Content http://links.lww.com/BRS/A815
shows a CT scan of a patient with this injury. CT indicates computed
tomography.

Spine

Figure 6. Subtype A3—Incomplete burst: Fracture with any involve-
ment of the posterior wall of the vertebral body. Only a single endplate
fractured. Vertical fracture of the lamina is usually present and does not
indicate a tension band failure. Figure 6 demonstrates schematic draw-
ing of this injury while Figure 6.2 available at Supplemental Digital
Content http://links.Iww.com/BRS/A816 shows a CT scan of a patient
with this injury. CT indicates computed tomography.

there is no vertebral translation. Injuries with ligamen-
tous disruption of the posterior tension band should be
primarily classified as B2 injuries. A3 fractures of the
body that involve an axial-plane horizontal fracture
through the posterior elements (as opposed to the verti-
cal fracture described in earlier text) disrupts the stability
of the spine, and such an injury should be classified as a
type B injury.

® Subtype A4 injuries, shown in Figure 7; Figure 7.2, Sup-
plemental Digital Content available at http:/links.lww.
com/BRS/A817, are vertebral body fractures involving
both endplates as well as the posterior wall. Similar to
A3 injuries, these may be associated with vertical frac-
ture lines of the lamina but without disruption of the
posterior tension band. Injuries with ligamentous disrup-
tion of the posterior tension band should be primarily
classified as B2 injuries. A4 injuries are similar to A3 in-
juries but involve both endplates. Split fractures that also
involve the posterior vertebral body are included in this
group. A4 fractures of the body that involve an axial-
plane horizontal fracture through the posterior elements
(as opposed to the vertical fracture described in earlier
text) disrupts the stability of the spine, and such an in-
jury should be classified as a type B injury.
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Figure 7. Subtype A4—Complete burst: Fracture with any involvement
of the posterior wall of the vertebral body and both endplates. Vertical
fracture of the lamina is usually present and does not indicate a tension
band failure. Figure 7 demonstrates schematic drawing of this injury
while Figure 7.2 available at Supplemental Digital Content http:/links.
Iww.com/BRS/A817 shows a CT scan of a patient with this injury. CT
indicates computed tomography.

Type B Injuries: Tension Band Injury

Type B injuries affect either anterior or posterior tension
band. These injuries may be seen in combination with type A
fractures of the vertebral body. They are further divided in
3 subgroups.

Figure 8. Subtype B1—Monosegmental bony posterior tension band
injury: Transosseous failure of the posterior tension band. The classical
“chance fracture.” Figure 8 demonstrates schematic drawing of this in-
jury while Figure 8.2 available at Supplemental Digital Content http://
links.lww.com/BRS/A818 shows a CT scan of a patient with this injury.
CT indicates computed tomography.
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e Subtype B1 injuries are monosegmental osseous failure
of the posterior tension band extending into the vertebral
body, known as “chance” fractures, as shown in Figure 8;
Figure 8.2, Supplemental Digital Content available at
http://links.lww.com/BRS/A818. Unlike the B2 subtype
that always affects an intervertebral level, the B1 subtype
affects a single vertebral body level. The fracture may
extend through the pedicle and exit from the posterior
aspect of the pars interarticularis into the posterior soft
tissues or extend through the pedicle through the spinous
process before exiting into the soft tissue posteriorly.

e Subtype B2 injuries demonstrate a disruption of the pos-
terior tension band with or without osseous involvement,
shown in Figure 9; Figure 9.2, Supplemental Digital Con-
tent available at http://links.lww.com/BRS/A819. Any as-
sociated vertebral body compression fracture should be
specified separately according to the corresponding type
A subdivision. In particular, patients with burst fractures
demonstrated to have disruption of the PLC on MR im-
age should be described as having a B2 injury with either
an A3 (incomplete burst) or A4 (complete burst) verte-
bral body injury.

o Subtype B3 injuries disrupt the anterior longitudinal ligament
(ALL) that serves as the anterior tension band of the spine,
preventing hyperextension. The injury may pass through
either the intervertebral disc or through the vertebral body

Figure 9. Subtype B2 — Posterior tension band disruption: Bony and/or
ligamentary failure of the posterior tension band together with a type A
fracture. type A fracture should be classified separately. This example
should be classified as: T12-L1 “type B2” with T12 “A4” according to
the combination rules. Figure 9 demonstrates schematic drawing of
this injury while Figure 9.2 available at Supplemental Digital Content
http://links.lww.com/BRS/A819 shows a CT scan of a patient with this
injury. CT indicates computed tomography.
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Figure 10. Subtype B3— Hyperextension injury: Injury through the disc
or vertebral body leading to a hyperextended position of the spinal
column, which is commonly seen in ankylotic disorders. Anterior ten-
sion band, notably the ALL is ruptured but there is a posterior hinge
preventing further displacement. Figure 10 demonstrates schematic
drawing of this injury while Figure 10.2 available at Supplemental
Digital Content http:/links.lww.com/BRS/A820 shows a CT scan of a
patient with this injury. CT indicates computed tomography. CT indi-
cates computed tomography.

itself (particularly in the ankylosed spine), but there is an in-
tact posterior element hinge preventing gross displacement.
Postinjury imaging often demonstrates a hyperextended ma-
lalignment as seen in Figure 10; Figure 10.2, Supplemental
Digital Content available at http:/links.lww.com/BRS/A820.

Figure 11. Type C—Translation/displacement:
There are no subtypes as because of the dissocia-
tion between cranial and caudal segments vari-
ous configurations are possible in different im-
ages, which are not relevant. Is combined with
subtypes of A to denote the associated vertebral
body fractures if necessary. Figure 11 demon-
strates schematic drawing of this injury while
Figure 11.2 available at Supplemental Digital
Content http:/links.lww.com/BRS/A821 shows a
CT scan of a patient with this injury. CT indicates
computed tomography.

Spine

Clear and complete disruption of the posterior hinge removes
the barrier to translation, and then, the injury should be con-
sidered a type C injury with a B descriptor, even in the ab-
sence of displacement/translation at the time of injury.

Type C Injuries: Displacement/Translational Injury
Type C injuries are characterized by displacement beyond
physiological range of the cranial and caudal parts of the
spinal column in any plane demonstrated in Figure 11;
Figure 11.2, Supplemental Digital Content available at
http:/links.lww.com/BRS/A821. Type C injuries also occur in
the presence of distraction of both the anterior and posterior
vertebral elements without any remaining intact anterior or
posterior structure, there may be complete separation of the
vertebral elements. Any associated vertebral body fracture
should be specified separately (e.g., A0, A1, A2, A3, A4). Any
associated tension band injuries should be specified separately
(e.g., B1, B2, B3), if possible to provide greater insight into
injury morphology.

GRADING OF NEUROLOGICAL DEFICITS

Neurological status is graded according to a 5-part system:

e NO is used to designate patients who are neurologically
intact.

e NI means that a patient had a transient neurological
deficit, which is no longer present.

e N2 denotes patients with symptoms or signs of radicu-
lopathy.
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® N3 incomplete spinal cord injury or cauda equina injury.
e N4 complete spinal cord injury (American Spinal Injury
Association grade AY).

NX is used to designate patients who cannot be examined
because of head injury or another condition, which limits
their ability to complete a neurological examination such as
intoxication, multiple trauma, or intubation/sedation.

Case-Specific Modifiers

Two additional modifiers were thought to be important
enough for inclusion but would not be relevant to every case
and used on an as-needed basis to assist the physician in
deciding treatment.

M1 is used to designate fractures with an indeterminate
injury to the tension band based on spinal imaging such as
MRI or clinical examination. This modifier is important for
identifying those injuries that seem stable from a bony stand-
point for which ligamentous insufficiency may help determine
whether operative stabilization is a consideration.

M2 is used to designate a patient-specific comorbidity,
which might argue either for or against surgery for those
patients with relative indications for surgery. Examples of a
M2 modifier include such disorders but not limited to anky-
losing spondylitis, rhematologic conditions, diffuse idiopathic
skeletal hyperostosis, osteopenis/porosis, or burns affecting
the skin overlying the injured spine.

Spine Injury Score

A Spine Injury Score is an integral part of the TLICS system.
A suggested scoring system needs to be reflective of the natu-
ral healing process of a spinal injury but also sensitive to the
experience and expertise of the region or culture in which it
is used, reflecting a society’s value on cost as well as the time-
liness of function and rehabilitation. This classification sys-
tem will be mated with a severity scoring system that will be
validated throughout the international spinal community and
may be different for different regions depending on the prefer-
ences of societal values.

Final Evaluation Session

Interobserver Reliability

On the basis of the surgeons’ classification of fracture mor-
phology, the proportion of injuries in the random sample
series demonstrating a type A fracture of a single vertebra was
54%. The percentage of cases reported on average to have a
type B injury was 24%, whereas the type C injuries repre-
sented 22% of cases on average.

Full agreement among all surgeons was achieved when clas-
sifying the type of injury for 14 of 40 (35%) of the cases; the
overall k coefficient for all cases was 0.64. When comparing
grading by fracture type regardless of subtype (A/B/C), investi-
gators classified fractures unanimously in 24 of 40 cases (60%).
These cases included 16 type A fractures, 3 type B fractures,
and 5 type C fractures. The k statistic for overall agreement on
grading by fracture type without regard to subtype was 0.72.
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Distribution of Injuries and

k Coefficients of Reliability for
Each TL Injury Type

Type n* (%) K
A Compression fractures
0 No injury/process fracture 44 (5) 1.0
1 Wedge/impaction 95 (11) 0.59
2 Split/pincer type 61 (7) 0.50
3 Incomplete burst 107 (12) 0.45
4 Complete burst 164 (19) 0.58
Overall type A 0.72
B Tension band injuries
1 Posterior transosseous disruption 70 (8) 0.65
2 Posterior ligamentous disruption 98 (11) 0.34
3 Anterior ligamentous disruption 48 (5) 0.41
Overall type B 0.58
C Translation injuries
193 (22)
Overall type C 0.70

The sample of type A fractures included all cases with a single compression
fracture and with or without type B or type C injury within the random
sample of 110 cases. The sample of type B and type C injuries included all
such injuries identified within the complete TL case series. This table includes
results from 9 raters.

*Estimation of case distribution by the grading surgeons.
« indicates Kappa.

k values describing interobserver agreement were 0.72 for type
A injuries, 0.58 for type B injuries, and 0.7 for type C inju-
ries. The lowest level of agreement for specific subtypes was
for fracture type B2 (k = 0.34) and B3 (x = 0.41) (Table 1).

Intraobserver Reliability

All raters had substantial to excellent reproducibility results
for TL morphology classification with an average k value of
0.77 (range, 0.6-0.97). Reproducibility of fracture type with-
out regard for subtype was excellent with k = 0.85 (range,
0.75-0.96). Intrarater reproducibility for subtypes of type A
and B fractures demonstrated k = 0.72 and k = 0.43.

DISCUSSION

In this article, we describe the development of a TL spinal
fracture classification system that accounts simply for the
various patterns of spinal fracture and soft-tissue injury, the
extent of neurological deficit and the presence or absence of
key medical comorbidities. A multitude of spine classification
and severity measures have been developed but none has led to
a universal TL spinal injury classification system that is widely
accepted and used. No single classification has been able to
simultaneously describe injury severity and pathomorphology
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while considering all clinical, neurological, and radiological
characteristics!® relevant to clinical decision making.

There is little guidance for the development of spinal injury
classifications in general, and most past efforts have heavily
used expert opinion.!” We think strongly that morphological
characteristics that can be reliably and reproducibly identified
must be the backbone of any fracture classification system.
For this reason, the presented classification provides clear
injury characteristics of the vertebral column, and the system
was designed to be primarily based around features identifi-
able using CT scan, a widely available imaging modality at
most trauma centers.”’ The proposed classification system
presents distinct and specific morphologic injury characteris-
tics that can be used to distinguish one injury subgroup clearly
from another primarily using CT scan. Importantly, the pro-
posed classification scheme goes beyond fracture morphology
to acknowledge the relevance of patient comorbidities and
neurological status in making treatment decisions, reflecting
the contributions of TLICS.®

MRI can be useful for diagnosing subtle PLC injury, par-
ticularly in those situations where fracture displacement on
presentation is not representative of maximal displacement
at the time of injury. Furthermore, MRI is often helpful in
determining the location and severity of neurological com-
promise and identifying injury to nonbony structures; MRI
shows higher sensitivity, specificity, and accuracy in distin-
guishing ligamentous lesions versus CT*'*? and may reduce
the risk of failure to diagnose a PLC injury and associated late
deformity.?>** We recognize the limitations of MRI, namely
the relatively poor reliability associated with identification
of PLC injury, and we acknowledge that a classification sys-
tem heavily dependent on MRI would be unlikely to gain
widespread usage in the developing world. Prospective study
across a variety of hospitals with differing access to advanced
imaging has been initiated to demonstrate whether there is a
discernible difference in treatment pattern or outcome based
on the availability of MRL

The importance of imaging in a spinal injury classification
system cannot be overstated. Improvements in image qual-
ity and the development of multiplanar imaging have greatly
improved our understanding of fracture morphology®’; this
increased anatomic precision should be reflected in any clas-
sification system if it is to remain clinically relevant and
improve upon the characterization of morphology proposed
by early classification systems that relied entirely on plain
radiographs.? In the vast majority of cases, accurate classifica-
tion is possible with CT scan and/or plain radiographs. In the
current scheme, MRI may be used to demonstrate disruption
of the anterior or posterior tension band, demonstrating that
an injury is at least a type B or may be used to demonstrate
that the posterior hinge is disrupted, and that an extension-
distraction injury is actually a type C injury. The M1 modifier
is designed to give greater consideration for surgical interven-
tion when the integrity of the PLC is indeterminate.

Similar to the manner in which PLC evaluation was incor-
porated into the classification scheme, other considerations,
which potentially affect surgical decision making were also

Spine

included in a qualitative manner without direct impact on the
spine injury severity score. Rather than directly influence the
need for surgery, we anticipate that the M2 patient-specific
modifier will require case-by-case evaluation; further study
will determine the relative value of these modifiers to the
classification. In contrast, the patient’s neurological status is
critical for a complete assessment of the patient’s functional
status, and eventual prognosis and has been identified as one
of the most important factors when making decisions about
the need for surgery.?® Given its critical importance, the neu-
rological modifier is central to this classification proposal,
along with fracture morphology, to guide the need for opera-
tive intervention.

Previously proposed classification schemes have disap-
pointingly not reached the ideal mix of simplicity and com-
prehensiveness, a difficult balance that is necessary to achieve
widespread adoption and application. Wood et al'® studied
the Denis® and the Magerl systems,* finding only moderate
reliability and repeatability. Most concerning, repeated appli-
cation of the Magerl system demonstrated that spine surgeons
graded the same fractures differently 3 months after initial
assessment 21% of the time.!° This relatively low reliability
may be partially attributable to the complexity of the Magerl
classification scheme, which requires a high degree of famil-
iarity with the system for correct application. Other studies of
the interobserver reliability of the Magerl scheme reported «
coefficients of 0.33%3 and 0.62!! for identification of the main
injury types, below the corresponding value of 0.72 reported
in this study.

Similarly, TLICS has been assessed for reliability of iden-
tification of fracture morphology, PLC injury, and treatment
recommendation.'>*?® Two components of the TLICS scor-
ing system, fracture morphology, and integrity of the PLC,
were evaluated for interobserver reliability. Of these 2 factors,
identification of PLC injury demonstrated lower interobserver
reliability, achieving a k value of 0.455. This difficulty in reli-
ably identifying PLC injury was also demonstrated by Rihn
et al"* who reported a k value of 0.58 by spine surgeons
and 0.37 for musculoskeletal radiologists in identification
of injury to the PLC using MRI. Rihn additionally reported
that specificity of MR for identification of PLC injury was
as low as 52% for some observers. Whang et al* found that
identification of injury morphology had a substantially higher
k value of 0.626, whereas overall management decision dem-
onstrated a k value of 0.652. We hesitate to place undue impor-
tance on the agreement of management decision as this aspect
of the analysis may be disproportionately influenced by close
agreement regarding neurological status and its importance
as a determinant of treatment, whereas the reproducibility of
the other criteria is lower. Furthermore, there is disagreement
in the international spine surgery community about guidelines
for surgical intervention proposed by TLICS, rendering evalu-
ation of the reliability of management decisions less clinically
relevant. Nevertheless, until the introduction of the present
system, TLICS remained the sole TL classification scheme that
considered neurological status and advanced imaging and was
influential in the design of the current system.
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Evaluation of the morphological portion of the classifica-
tion system demonstrated an interobserver k coefficient of
0.64 for all fracture types and subtypes. The classification
of both long bone and spinal fractures is often characterized
by low reliability'-*>*’; we consider this degree of agreement
acceptable at this early stage in the development of this clas-
sification as it supersedes k values published in relationship
to previous systems to classify fracture morphology.!®!3 Care-
ful analysis of cases where surgeons did not agree provides
insight into problematic injuries. The unambiguous lack of
involvement of the posterior structures clearly differentiates
type A injuries from types B and C; this is borne out by the
reliability data that suggest type A injuries are the most reli-
ably identified type (x = 0.72). Although almost all patients
with type A injuries will be similarly graded by spine surgeons,
a higher proportion of patients with either type B or type C
injuries will be misdiagnosed. B1 injuries and B2 injuries are
distinguished by the presence of a ligamentous component in
the latter, a distinction that not may be easy to make in some
cases. Another problematic injury type we identified involved
an extension injury in an ankylosed spine. Imaging showed
no displacement but some observers graded the injury as B3
and others as C. Despite the lack of displacement, the doubt-
ful posterior hinge in a stiff spine makes this a highly unstable
injury. Our definitions for type B and C injuries emphasizes
the importance of the hinge for type B injuries and the lack
of a hinge as a criteria for type C injuries, which have a high
potential for further displacement regardless of the degree
of displacement at the time of imaging. Concern over this
distinction may be academic, however because we would
expect that most patients with either extension-distraction
injuries, and an ankylosed spine or translational injuries
would be treated with surgical stabilization. Misdiagnosis of
an injury as a less severe injury is of particular concern as
such patients may receive treatment that does not sufficiently
stabilize their spine.

CONCLUSION

We think that our proposed classification system represents
a carefully developed, simple but comprehensive scheme,
which simultaneously considers the inherent variability of
spinal column injuries, all major modes of failure and clinical
features such as neurological status that are critical to deter-
mining the need for surgery. To use this system in a prog-
nostic manner that informs surgical decision making, broad
and cross-cultural international prospective validation stud-
ies are needed, and investigations are already underway.
Until this process is completed, no absolute recommenda-
tions about when surgery is mandatory can be provided, as
this may be a reflection not only of a precise understand-
ing of fracture stability, but also of cultural acceptance of
surgical intervention reflecting the importance placed on
immediate surgical stability and accelerated rehabilitation.
Additional future goals of research include defining dif-
ferences in outcome by fracture subgroup and delineating
treatment algorithms that are fracture subgroup-specific
when necessary.
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> Key Points

O AnewTLICS was developed by an international
team that incorporates features of both the
Magerl and TLICS.

O In addition to morphological description, this
system considers neurological status and patient-
specific modifiers that are important for surgical
decision making.

U Grading of 40 cases by a group of spine surgeons
experienced in spine trauma demonstrated
substantial inter- and intraobserver reliability.

U Further study is necessary to validate this system
on a broad international basis and to formulate
a point system that will ultimately be used in
treatment decisions.

Supplemental digital content is available for this article. Direct
URL citations appearing in the printed text are provided in the
HTML and PDF version of this article on the journal’s web site
(www.spinejournal.com).
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