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Abstract Study Design Survey of 100 worldwide spine surgeons.
Objective To develop a spine injury score for the AOSpine Thoracolumbar Spine Injury
Classification System.
Methods Each respondent was asked to numerically grade the severity of each
variable of the AOSpine Thoracolumbar Spine Injury Classification System. Using the
results, as well as limited input from the AOSpine Trauma Knowledge Forum, the
Thoracolumbar AOSpine Injury Score was developed.
Results Beginning with 1 point for A1, groups A, B, and C were consecutively awarded an
additional point (A1, 1 point; A2, 2 points; A3, 3 points); however, because of a significant
increase in the severity between A3 and A4 and because the severity of A4 and B1 was similar,
both A4 and B1 were awarded 5 points. An uneven stepwise increase in severity moving from
N0 to N4, with a substantial increase in severity between N2 (nerve root injury with radicular
symptoms) and N3 (incomplete spinal cord injury) injuries, was identified. Hence, each grade
of neurologic injury was progressively given an additional point starting with 0 points for N0,
and the substantial difference in severity between N2 and N3 injuries was recognized by
elevating N3 to 4 points. Finally, 1 point was awarded to the M1 modifier (indeterminate
posterolateral ligamentous complex injury).
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Introduction

Numerous systems have been proposed to classify thoraco-
lumbar injuries. Among the most influential were the ideas
proposed by Denis, Magerl/AO, and the Thoracolumbar Injury
Classification System (TLICS).1–3 The Denis system was valu-
able in providing a modern concept of spinal stability and
integrating the findings of computed tomography images to
advance our understanding of injury morphology.1 Although
the Magerl/AO classification provided a comprehensive mor-
phologic description of fracture subtypes, the multitude of
injury subgroups and the lack of guidance for treatment
decisions limited its clinical application and adoption.3 The
TLICS standardized a treatment protocol but has been criti-
cized for its “one-size-fits-all” approach, which critics have
accused of promoting the treatment biases of its creators.3,4

Furthermore, the TLICS relies heavily on the evaluation of the
posterolateral ligamentous complex (PLC), which is most
commonly performed with magnetic resonance imaging, a
modality that does not do so with sufficient specificity and is
not widely available or used routinely in many parts of the
world.

A classification system must provide sufficiently detailed
morphologic descriptions to distinguish between clinically
distinct injuries and guide treatment decisions; both of these
purposes are essential but neither alone is sufficient. The
universal adoption of a classification for both research and
clinical purposes will likely occur only when a system is
developed to classify morphology and guide treatment si-
multaneously. The recently described AOSpine Thoracolum-
bar Spine Injury Classification system combines the strengths
of the Magerl/AO system and the TLICS with respect to
morphologic injury classification.5 Utilizing the same hierar-
chical approach of the AO classification scheme initially used
to classify long bone fractures, this system classifies injury
morphology into three main groups: type A—compression
(subgroups A0 toA4); type B—tension band injury (subgroups
B1 to B3); and type C—translation injuries. This system also
includes the patient’s neurologic status (N0 to N4 and Nx,
unknown) and two clinical modifiers. This system was reli-
ably applied to classify thoracolumbar injuries by a group of
100 surgeons uninitiated to the system from around the
world.6 The requisite next step in the development of guide-
lines is the creation of a scoring system to accompany the
classification system. The scoring system should accurately
reflect the relative injury severity with respect to the need for
surgical stabilization and eventually will suggest appropriate
surgical thresholds.

Complicating the standardization of treatment algorithms
is the wide variation of preferred treatment methods cur-
rently seen among surgeons in different regions of the world.
The variation in the treatment of thoracolumbar injuries is

likely multifactorial, reflecting patient and surgeon biases
and risk aversion, treatment cost, surgeon access, and toler-
ance of temporary disability during the postinjury recovery
period.6–11 Overcoming this clinical equipoise to establish
uniform treatment algorithms is hindered by the paucity of
data that provides indications for surgery and compares
outcomes between different surgical and nonsurgical strate-
gies. An important first step in establishing treatment algo-
rithms is to be able to grade the severity of injury, considering
the patient’s injury morphology and neurologic status.

The purpose of this study was to derive a data-driven
Thoracolumbar AOSpine Injury Score (TL AOSIS) to accompa-
ny the AOSpine Thoracolumbar Spine Injury Classification.
This process relies on data obtained from a survey of surgeons
on their perception of the relative severity of different types
of thoracolumbar injury and neurologic deficits in determin-
ing the need for surgical stabilization. The surgical thresholds
to accompany this scoring systemwill be established later and
may reflect cultural differences that play an important role in
surgical indications.

Methods

The AOSpine Thoracolumbar Spine Injury Classification Sys-
temwas developed under the oversight of a group of surgeons
with interest in spinal trauma through a consensus-forming
process, which has been previously described.5,12 Although
the classification system included input from surgeons with a
relatively diverse approach to the treatment of spinal injuries,
the consensus process was completed by a relatively small
number of surgeons. An instrument that will drive clinical
decision making must accurately represent the practice pat-
terns from a wider group of well-informed surgeons from
around the world. Because of the need for wider input, the
spine injury score described in this article was derived from
the results of a worldwide survey of 100 surgeons instead of
determined by the consensus of a small group.

A survey was sent to 100 AOSpine members from all
regions of the world including representatives in North
America, South America, Europe, Africa, Asia Pacific, and
the Middle East whowere not part of the initial classification
efforts. Each respondent was asked to numerically grade the
severity of each variable of the AOSpine Thoracolumbar Spine
Injury Classification System including injury morphology,
neurologic injury, and patient-specific modifiers. A grade of
0 was considered not severe at all, and a grade of 100
represented the most severe injury possible. The complete
results of this survey have been previously described.13

Analysis of the results of this survey was used to place the
classification system components into a relative hierarchy
using point values to represent relative injury severity,
keeping in mind that a system that uses noninteger point

Conclusion The Thoracolumbar AOSpine Injury Score is an easy-to-use, data-driven
metric that will allow for the development of a surgical algorithm to accompany the
AOSpine Thoracolumbar Spine Injury Classification System.
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values for various components would be cumbersome and
limit practical usage. Furthermore, the M2 modifier (repre-
senting patient-specific variables) of the classification system
cannot be easily assigned a point value as it is incompletely
defined by nature, describing a comorbidity that affects
surgical decision making and may influence a surgeon either
toward or away from surgical intervention.

Following the initial interpretation of the survey results,
the original classification group provided limited input to
ensure that certain aspects of clinical practice would be
captured in the scoring system. All alterations made in this
manner to the scoring system fromwhatwould be dictated by
strict interpretation of the survey results are specifically
described below.

Results

Of the 100 surgeons around the world who were invited to
complete the injury severity survey, complete responseswere
received and analyzed from 74 surgeons (►Table 1). Although
more detailed analysis of this data has been previously
published, the AOSpine TLICS morphology subgroups dem-
onstrated a stepwise progression in terms of perception of
injury severity through the A, B, and C groups (i.e., A0!A1!
A2 ! A3 ! A4 and B1 ! B2 ! B3) with nearly even spacing
between progressive morphologic subgroups (►Table 2).13

A4 and B1 injuries scoredwithin 5 points on a 100-point scale
of one another, suggesting these injuries are perceived as
relatively similar in severity despite the difference in mor-
phology group (A versus B). Based on this input, the groups
were consecutively given an additional point starting with 1
point assigned to A1 injury morphology. Importantly, no
points were awarded to the A0 group. The point scheme for
morphology is presented in ►Table 3. Because the A4 mor-
phology was graded as slightly more severe than the B1
morphology and closer to the B2 morphology than the A3
morphology, A4 was determined to receive 5 points rather
than downgrading B1 to receive 4 points.

With respect to neurologic injury, the survey suggested
the perception of an uneven stepwise increase in injury

severity moving from N0 to N4 with a large gap separating
N2 (nerve root injury with radicular symptoms) and N3
(incomplete spinal cord injury). Because of this pattern of
perceived severity, each grade of neurologic injury was
progressively given an additional point starting with 0 points
for N0 because it does not represent an injured state. The
substantial difference in perceived severity between N2 and
N3 injuries was recognized by elevating N3 to 4 points, an
action endorsed by the classification group to recognize the
urgency for surgical stabilization and decompression of pa-
tients with incomplete spinal cord injuries. Additionally, both
the results of the injury severity survey and the members of
the classification group felt that without the ability rule out a
neurologic injury, a cautious approach must be taken, and so
3 pointswere awarded toNx. The point scheme for neurologic
status components and the M1 modifier is presented
in ►Table 4.

As described above, the nature of the M2 modifier makes
assigning point values impossible, as it is inherently variable
and dependent upon the specific details of the individual
patient’s comorbidity. Burns over the potential operative site,
for example, may argue against surgery, and a fracture in a
patient with ankylosing spondylitis is often a strong indica-
tion for surgery given the associated instability. With respect
to the M1 modifier (an indeterminate injury to the PLC), the
severity survey suggested that the respondents viewed am-
biguous PLC compromise as intermediate between N2 and N3
but closer in severity toN2 injuries, whichwould indicate that
theM1modifier should receive 2 points. However, both in the
classic literature and in a recent study performed by the

Table 1 Demographics of respondents

Region of reviewer n

Europe 14

Asia Pacific 21

Latin America 18

Middle East 11

North America 9

Africa 1

Experience of reviewer (y)

1–10 21

11–20 34

21þ 19

Table 2 Average injury severity score for each variable in
AOSpine Thoracolumbar Injury Classification System

Type n Mean SD

A0 74 5.09 5.07

A1 74 14.78 7.74

A2 74 29.81 14.41

A3 74 44.68 16.99

A4 74 59.7 18.77

B1 74 54.88 18.41

B2 74 69.09 17.66

B3 74 71.49 15.94

C 74 94.8 10.18

N0 72 1.08 3.13

N1 72 19.19 17.14

N2 72 33.57 16.9

N3 72 79.79 19.07

N4 72 91.36 14.48

NX 72 66.96 28.42

M1 72 50 23.67

M2 72 62.4 24.18

Abbreviation: SD, standard deviation.
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AOSpine Trauma Knowledge Forum,14 the interobserver reli-
ability of indentifying an injury to the PLC is only slight to fair,
and so the decisionwas made to lessen the points awarded to
the M1 modifier. Although there is no doubt about the
biomechanical importance of the PLC, it was determined
that the inability of the surgeons to reliably determine the
integrity of the PLC limits the clinical importance of the M1
modifier.

The summation of the score awarded to each variable (i.e.,
morphology, neurologic status, and patient-specific modi-
fiers) represents the total TL AOSIS for a specific injury.

Discussion

Although the AOSpine TLICS describes a new scheme that was
designed to overcome the shortcomings of previously de-
scribed classification systems, the description ofmorphologic
injury patterns and associated neurologic injury alone is
likely to be insufficient to spur widespread adoption, partic-

ularly among clinicians. To provide greater benefit for pa-
tients and clinicians, a thoracolumbar injury classification
system should provide robust guidance for physicians treat-
ing patients with these injuries. Past criticism of the scoring
system and treatment algorithm associated with TLICS was
centered on the perception that TLICS largely represents the
treatment biases of its creators and does not accurately
represent treatment algorithms commonly used in many
parts of theworld.11,15,16Despite this criticism, there is ample
precedence for establishing widely used severity scales based
on expert opinion and consensus; the Injury Severity Scale, its
predecessor the Abbreviated Injury Scale, and the Glasgow
Coma Scale were all developed through an expert consensus
process.17–19Nevertheless, because of the amount of previous
study of thoracolumbar trauma and the divergent attitudes
towardmanagement of these patients, we felt it was critical to
use a largely data-driven approachwith only gentle editing by
the smaller group of surgeons to establish a scoring scheme to
accompany the AOSpine TLICS. Instead of relying on consen-
sus alone, the development of the spine injury score was
driven by data and created in consideration of the perception
of injury severity of amuch larger group of surgeons across all
regions of the world to reflect the various aspects of cultural
diversity that likely play a role in the treatment algorithms.

Although the results of the severity surveywere allowed to
dictate the associated TL AOSIS point value in nearly all cases,
the classification group intervened to increase the score
assigned to A4 to give it the same point value as B1 injuries
based on the almost identical severity scores of these two
injury patterns. Rather than decreasing the B1 score, the A4
score was increased to reflect several considerations. First,
the A4 score was closer to the B2 score (difference < 10
points) than it was to the A3 score (difference > 15 points).
Second, neurologically intact patientswith burst fractures are
commonly treatedwith surgical intervention inmany parts of
the world, suggesting that surgeons feel patients with these
injuries have worse outcome with nonoperative treatment.
Although this article does not yet provide treatment guide-
lines, it is logical to promote such an injury to a higher score
rather than demote an injury (B2) that is most commonly
treated with surgery to a lower score. It is important to note
that despite an increased score for C injuries compared with
B3 injuries, both of these injuries are unstable and require
surgical stabilization. Reports of nonoperative treatment of
either thoracic extension-distraction injuries or translational
injuries are rare, and every previous morphologic classifica-
tion system has recognized the unstable nature of these
injuries and the associated indication for surgery barring
extenuating circumstances that absolute preclude decom-
pression and stabilization.1–3,5

Significant debate was had by the classification group
when attempting to determine the point value for a patient
who is unable to be examined (Nx). It is likely that patients
who sustain an injury severe enough to limit the ability of the
surgeon to obtain a proper neurologic exam are polytrauma
patients, and so even in a neurologically intact patient,
immediate stability is particularly beneficial in these patients.
Furthermore, the risk of catastrophic neurologic sequelae

Table 4 Point allocation for neurologic status and modifiers

Subgroup Points

Neurologic status

N0 0

N1 1

N2 2

N3 4

N4 4

Nx 3

Patient-specific modifiers

M1 1

M2 0

Table 3 Point allocation for morphologic groups

Subgroup Points

Type A—compression fractures

A0 0

A1 1

A2 2

A3 3

A4 5

Type B—tension band injuries

B1 5

B2 6

B3 7

Type C—translational injuries

C 8
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from the failure to promptly stabilize a patient cannot be
ignored.

There is very little variation in grading fracture morphol-
ogy or in perception of injury severity on a geographic basis.
Schroeder et al found no significant regional variation in
perception of fracture severity in any of the morphologic or
neurologic elements graded,13 which is highly relevant to the
present investigation as it strongly suggests that there is no
need to consider a point system with regional variation. We
expect the point system described previously to accurately
reflect worldwide perceptions of injury severity, and we
anticipate that there will be widespread adoption of the
scoring system given the lack of variation in perception of
injury severity.

Future efforts will establish surgical thresholds based on
questionnaires designed to distinguish which morphologic
injury patterns and neurologic deficits are thought to require
stabilization/decompression and sent to a large group of
surgeons with an interest and experience in spinal trauma.
We expect this research strategy to capture thewide variation
in practice patterns. An inclusive approach will increase the
generalizability of the resulting recommendations and allow
for surgical thresholds to be evaluated on a regional basis to
capture culture differences among surgeons and patients that
influence treatment. The ultimate goal is to use this classifi-
cation and scoring system framework to perform random-
ized, controlled trials that would allow patient outcomes and
not surgeon perception of patient outcomes to establish the
surgical thresholds and algorithms.

This investigation has several shortcomings. Although we
used the results of a survey sent to surgeons thought to have
particular expertise and experience in treating patients with
spinal trauma, therewas no practicalmetric toverifywhether
this belief was true. This flaw is inherent to all studies that
utilize “expert opinion,” although our intent in including a
large number of surgeons was to mitigate the influence any
single surgeon would hold over the study results. The points
assigned to each injury were arbitrary, as was the relative
importance of morphology and neurologic injury. We used
the largely uniform stepwise perception of injury severity in
the ascending injury subgroups to assign single-point in-
creases with the few exceptions as described previously, but
the magnitude of the point scale and relatively severity
implied is somewhat arbitrary. Prospective application to
injured patients with follow-up outcome measures along
with the investigations to identify surgical thresholds will
provide feedback about the point system described herein,
which can be modified if necessary.

Conclusion

In this article, we have provided face validity for the AOSpine
Thoracolumbar Classification system in that the consensus
scoring system that has been developed aligns with the
ordered classification itself. Furthermore, the hierarchy of
neurologic and other modifiers was consistently rated and
scored by surgeons and confirms the increasing severity of
injury expressed within this classification system. These

results indicate that through utilizing the TL AOSIS, the
AOSpine Thoracolumbar Classification system is an ideal
system for the establishment of a globally accepted treatment
algorithm for thoracolumbar trauma.

Disclosures
Christopher K. Kepler, Personal fees: AOSpine, Health-
grades, Inc.
Alexander R. Vaccaro, Personal fees: AOSpine, Medtronic,
Stryker, Globus, Gerson Lehrman Group, Guidepoint Glob-
al, Medacorp, Innovative Surgical Design, Orthobullets,
Expert testimony, Ellipse, Spinicity, Spine Medica, Compu-
tational Biodynamics, Progressive Spinal Technologies,
Spinology, Small Bone Innovations, Cross Current, In
Vivo, Flagship Surgical, Advanced Spinal Intellectual Prop-
erties, Cytonics, Bonovo Orthopaedics, Electrocore, Gam-
ma Spine, Location Based Intelligence, FlowPharma, R.S.I.,
Replication Medica, Stout Medical, Rothman Institute and
Related Properties; Grant: Cerapedics; Royalties: Thieme,
Jaypee, Elsevier, Taylor and Francis, Aesculap, Globus,
Medtronic, Stryker, DePuy
Gregory D. Schroeder, Grant: Medtronic
John D. Koerner, Personal fees: AOSpine, Medtronic
Luiz R. Vialle, Personal fees: AOSpine; Board member: AO
Foundation
Bizhan Aarabi, Personal fees: AOSpine
Shanmuganathan Rajasekaran, Personal fees: AOSpine
Carlo Bellabarba, Personal fees: AOSpine; Grant: AOSpine,
AOSpine North America, Depuy, Omega
Jens R. Chapman, Personal fees: AOSpine, RenovisMedical;
Royalties: Thieme
Frank Kandziora, Personal fees: AOSpine, ESJ-OOT; Board
member: Eurospine, DWG, DGOU, AOSpine; Consultant:
Depuy, Siemens; Speakers’ bureau: Depuy, Siemens, AO-
Spine
Klaus J. Schnake, Personal fees: AOSpine, Medtronic, Ex-
panding Orthopaedics, OttoBock Healthcare, Depuy;
Grant: AOSpine
Marcel F. Dvorak, Personal fees: AOSpine
Max Reinhold, Personal fees: AOSpine
F. Cumhur Oner, Personal fees: AOSpine, Medtronic, Syn-
thes; Grant: AOSpine, Depuy

Acknowledgments
AOSpine supported this manuscript.

AOSpine is a clinical division of the AO Foundation—an
independent medically guided not for profit organization.
The AO has a strong financial independence thanks to the
foundations endowment. The annual operating activities
are financed through three pillars: collaboration and sup-
port agreements with DePuy Synthes and other industrial
partners, return on own financial assets, and other third-
party income (e.g., participant fees, R&D projects,
memberships).

The AOSpine Knowledge Forums are pathology-focused
working groups acting on behalf of AOSpine in their

Global Spine Journal Vol. 6 No. 4/2016

The Thoracolumbar AOSpine Injury Score Kepler et al. 333



domain of scientific expertise. Each forum consists of a
steering committee of up to 10 international spine experts
who meet biannually to discuss research, assess the best
evidence for current practices, and formulate clinical trials
to advance their field of spine expertise. Authors are
compensated for their travel and accommodation costs.
Study support is provided directly through AOSpine’s
Research Department and AO’s Clinical Investigation and
Documentation unit. There are no other institutional
subsidies, corporate affiliations, or funding sources sup-
porting this work unless clearly documented and
disclosed.

References
1 Denis F. The three column spine and its significance in the

classification of acute thoracolumbar spinal injuries. Spine (Phila
Pa 1976) 1983;8(8):817–831

2 Magerl F, Aebi M, Gertzbein SD, Harms J, Nazarian S. A compre-
hensive classification of thoracic and lumbar injuries. Eur Spine J
1994;3(4):184–201

3 Vaccaro AR, Lehman RA Jr, Hurlbert RJ, et al. A new classification
of thoracolumbar injuries: the importance of injury morpholo-
gy, the integrity of the posterior ligamentous complex, and
neurologic status. Spine (Phila Pa 1976) 2005;30(20):
2325–2333

4 Wood KB, Khanna G, Vaccaro AR, Arnold PM, Harris MB, Mehbod
AA. Assessment of two thoracolumbar fracture classification
systems as used by multiple surgeons. J Bone Joint Surg Am
2005;87(7):1423–1429

5 Vaccaro AR, Oner C, Kepler CK, et al; AOSpine Spinal Cord Injury &
Trauma Knowledge Forum. AOSpine thoracolumbar spine injury
classification system: fracture description, neurological status,
and key modifiers. Spine 2013;38(23):2028–2037

6 Kepler CK, Vaccaro AR, Koerner JD, et al. Reliability analysis of the
AOSpine thoracolumbar spine injury classification system by a
worldwide group of naïve spinal surgeons. Eur Spine J 2015;
doi: 10.1007/s00586-015-3765-9

7 Bailey CS, Urquhart JC, Dvorak MF, et al. Orthosis versus no
orthosis for the treatment of thoracolumbar burst fractures with-

out neurologic injury: a multicenter prospective randomized
equivalence trial. Spine J 2014;14(11):2557–2564

8 Schnake KJ, Stavridis SI, Kandziora F. Five-year clinical and radio-
logical results of combined anteroposterior stabilization of thor-
acolumbar fractures. J Neurosurg Spine 2014;20(5):497–504

9 Schmid R, Krappinger D, Seykora P, Blauth M, Kathrein A. PLIF in
thoracolumbar trauma: technique and radiological results. Eur
Spine J 2010;19(7):1079–1086

10 Schmid R, Lindtner RA, Lill M, Blauth M, Krappinger D, Kammer-
lander C. Combined posteroanterior fusion versus transforaminal
lumbar interbody fusion (TLIF) in thoracolumbar burst fractures.
Injury 2012;43(4):475–479

11 Schnake KJ. Expert’s comment concerning Grand Rounds case
entitled “progressive kyphotic deformity in comminuted burst
fractures treated non-operatively: the Achilles tendon of the
Thoracolumbar Injury Classification and Severity Score (TLICS)”
(T.A. Mattei, J. Hanovnikian, D. Dinh). Eur Spine J 2014;23(11):
2263–2264

12 ReinholdM, Audigé L, Schnake KJ, Bellabarba C, Dai LY, Oner FC. AO
spine injury classification system: a revision proposal for the
thoracic and lumbar spine. Eur Spine J 2013;22(10):2184–2201

13 Schroeder GD, Vaccaro AR, Kepler CK, et al. Establishing the injury
severity of thoracolumbar trauma: confirmation of the hierarchi-
cal structure of the AOSpine Thoracolumbar Spine Injury Classifi-
cation System. Spine (Phila Pa 1976) 2015;40(8):E498–E503

14 Schroeder GD, Kepler CK, Koerner JD, et al. Aworldwide analysis of
the reliability and perceived importance of an injury to the
posterior ligamentous complex in AO type A fractures. Global
Spine J 2015;5(5):378–382

15 Joaquim AF, Daubs MD, Lawrence BD, et al. Retrospective evaluation
of the validity of the Thoracolumbar Injury Classification System in
458 consecutively treated patients. Spine J 2013;13(12):1760–1765

16 Mattei TA, Hanovnikian J, H Dinh D. Progressive kyphotic defor-
mity in comminuted burst fractures treated non-operatively: the
Achilles tendon of the Thoracolumbar Injury Classification and
Severity Score (TLICS). Eur Spine J 2014;23(11):2255–2262

17 Rating the severity of tissue damage. I. The abbreviated scale.
JAMA 1971;215(2):277–280

18 Baker SP, O’Neill B, Haddon W Jr, Long WB. The injury severity
score: a method for describing patients with multiple injuries and
evaluating emergency care. J Trauma 1974;14(3):187–196

19 Teasdale G, Jennett B. Assessment of coma and impaired con-
sciousness. A practical scale. Lancet 1974;2(7872):81–84

Global Spine Journal Vol. 6 No. 4/2016

The Thoracolumbar AOSpine Injury Score Kepler et al.334


