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QUESTION 1: Are there classification systems for fractures of the thoracolumbar spine
that have been shown to be internally valid and reliable (ie, do these instruments provide
consistent information between different care providers)?
RECOMMENDATION 1: A classification scheme that uses readily available clinical data (eg,
computed tomography scans with or without magnetic resonance imaging) to convey
injury morphology, such as Thoracolumbar Injury Classification and Severity Scale or the
AO Spine Thoracolumbar Spine Injury Classification System, should be used to improve
characterization of traumatic thoracolumbar injuries and communication among treating
physicians.
Strength of Recommendation: Grade B
QUESTION2: In treatingpatientswith thoracolumbar fractures, does employing a formally
tested classification system for treatment decision-making affect clinical outcomes?
RECOMMENDATION 2: There is insufficient evidence to recommend a universal classifi-
cation system or severity score that will readily guide treatment of all injury types and
thereby affect outcomes.
Strength of Recommendation: Grade Insufficient
The full version of the guideline can be reviewed at: https://www.cns.org/guideline-
chapters/congress-neurological-surgeons-systematic-review-evidence-based-guidelines/
chapter_2.
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Goals and Rationale
Classification systems should enhance

communication between clinicians with varying
degrees of experience about the severity of
an injury or disease process, reliably guide
treatment, and predict the outcome of various
treatment options.1-4 There are at least 12

ABBREVIATIONS: AO, Arbeitsgemeinschaft fur
Osteosynthesenfragen; CNS, Congress of Neuro-
logical Surgeons; CT, computed tomography;
LSC, Load Sharing Classification; PLC, posterior
ligamentous complex; TLICS, Thoracolumbar Injury
Classification Scale; TLISS, Thoracolumbar Injury
Severity Scale

different classification systems that have been
used over the years.5-18 Many classification
systems have been developed for thoracolumbar
trauma, but no single classification system
has been universally accepted. Early attempts
were prone to pattern recognition of fracture
types, and therefore, the interobserver relia-
bility was low. More recent attempts focus
not only on description of the fracture but
have also focused on prognosis and treatment.
These systems have attempted to provide an
injury severity score to help guide the clinician
determine an acceptable treatment plan. In
this guideline, the authors tried to determine
(1) whether there are classification systems for
fractures of the thoracolumbar spine that have
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CLASSIFICATION OF INJURY

been shown to be valid and reliable, and (2) when treating
patients, whether employing a particular classification system
affects clinical outcomes.

METHODS

Details of the systematic literature review are provided in the full
text of this guideline (https://www.cns.org/guideline-chapters/congress-
neurological-surgeons-systematic-review-evidence-based-guidelines/
chapter_2) and in the methodology (https://www.cns.org/guideline-
chapters/congress-neurological-surgeons-systematic-review-evidence-
based-guidelines/chapter_1) article of this guideline series. The guide-
lines task force initiated a systematic review of the literature relevant
to the diagnosis and treatment of patients with thoracolumbar trauma
and a medical librarian implemented the literature search for the period
from January 1, 1946, to March 31, 2015, using the National Library
of Medicine PubMed database and the Cochrane Library. The literature
search yielded 932 abstracts. Task force members reviewed all abstracts
yielded from the literature search and identified the literature for full-text
review and extraction, addressing the clinical questions, in accordance
with the Literature Search Protocol.

RESULTS

The literature search yielded 932 abstracts of which 52 were
selected for full-text review. Twenty articles assessed interobserver
and/or intraobserver reliability of a classification system and were
also selected for review in this guideline.19-38

DISCUSSION

Initial classification systems relied on plain radiographs and
were not tested for reliability. With the advent of computed
tomography (CT), advanced imaging could give a better anatomic
image of a thoracolumbar injury and allow physicians to describe
the injury with fine detail. Denis conceptually divided the spine
into 3 columns with the integrity of the middle column having
the most importance for stability with disruption leading to
potential neurological instability. He described 4 major injury
types with 16 subtypes. Magerl et al14 described the Arbeits-
gemeinschaft fur Osteosynthesenfragen (AO) Comprehensive
Classification system from a retrospective review of 1445 thoracic
and lumbar injuries showing 3 major injury patterns: type A-
axial compression, type B-distraction of anterior and/or posterior
elements, and type C-axial torque leading to anterior and
posterior element disruption with rotation. When consecutive
series of trauma patients are reviewed there is fair to moderate
inter- and intraobserver reliability at the first level of classification,
but the classification is much less reliable at the subtype and subdi-
vision level, making the original AO Classification difficult to use
in day to day practice.
More recently developed systems, including the Thora-

columbar Injury Classification and Severity Scale (TLICS/TLISS)
or the AO Spine Thoracolumbar Spine Injury Classification
System, focus not only on description of the fracture but also

focus on prognosis and treatment, and these systems generally
have higher interobserver and intraobserver reliability than prior
classification systems. This was the first classification system to
quantify the neurological status of the patient. If the point total
was 5 or greater, the injury was deemed operable, and those injury
patterns with only 3 points were thought capable of being treated
nonsurgically.
Due to regional differences in the threshold for surgical inter-

vention, and because of the often low reliability of discerning
posterior ligamentous complex (PLC) injury and the wide
variation in the availability of magnetic resonance imaging to help
determine PLC injury,35-37 the AO Spine Classification Group
was tasked with the development of a morphologically based
classification scheme that also paid attention to the critical deter-
minant of neurological examination.6,17 The resultant AO Spine
Thoracolumbar Injury Classification System is a comprehensive
yet simple scheme that appears on initial evaluation to have
greater reproducibility and reliability than prior schemes. The
wide availability and use of CT for evaluation of trauma patients
is the basis for this scheme and uses theMagerl hierarchy of injury
types with each successive type indicating ascending severity. Type
A injuries are compression injuries with injury of the anterior
elements and preservation of the posterior ligamentous complex.
Type B injuries are failure of the posterior or anterior tension

band in distraction: B1 injuries are transosseous monosegmental
failure of the posterior tension band; B2 are bony and/or
ligamentous failure of the posterior tension band in conjunction
with an A fracture of the vertebral body; and B3 injuries are hyper-
extension injuries through the disc space or bone as commonly
seen in ankylosing spondylitis. There is some confusion because
the first iteration of this new AO Classification System included
these injuries under type C. However, for the purposes of this
guideline, the authors will include them as type B as this is the
classification that has been investigated for internal and external
reliability.
Finally, type C injuries suffer disruption of all elements with

displacement or dislocation of the cranial spinal elements relative
to the caudal elements. There are no subtypes any longer for this
injury pattern. In addition to the morphological classification,
there is also a neurological grading component (N0 = intact,
N1 = transient symptoms, N2 = radiculopathy, N3 = incom-
plete or cauda injury, and N4 = complete), and case-specific
modifiers. Studies both within the original working groups and
by independent researchers showing good to excellent inter- and
intraobserver reliability with this new AO classification.
One classification system, the Load Sharing Classi-

fication (LSC), has helped guide treatment of burst
fractures. Three characteristics were identified on CT: (1)
comminution/involvement, (2) apposition of fragments, and (3)
correction of kyphotic deformity in an attempt to determine if
posterior short-segment instrumentation would fail in the setting
of a burst fracture. Using this classification, a patient’s CT pattern
could be assigned a point total and a patient with a total of 7
to 9 points would be likely to benefit from both posterior and
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anterior fixation, while fractures with >6 points could be treated
by posterior short-segment fixation alone. The classification has
been used outside the original group with good to excellent
interobserver reliability. In addition, the original working group
treated over 50 consecutive patients using this classification,
without hardware failure, demonstrating the clinical efficacy of
the LSC.

Future Research
These studies show that TLICS/TLISS cannot yet be adapted

to predict management in all thoracolumbar trauma populations
because there is still wide variation in treatment recommenda-
tions for physicians who treat these types of injuries. Further,
prospective studies are necessary to validate the best treatment
options for burst fractures that may be considered stable and
have a TLICS score of 2 to 4. Prospective research is also
lacking to demonstrate that the utilization of any classification
system (compared to not using any system) in making treatment
decisions results in superior clinical outcomes for patients with
thoracolumbar spine injuries.

CONCLUSION

In summary, several classification systems for thoracolumbar
trauma have been proposed over the last 100 yr. Some
systems follow mechanistic descriptions of the fracture patterns,
while others are considered morphological classification systems.
However, all systems had limitations with some being overly
comprehensive or inclusive, and therefore, difficult to learn and
use, while other systems had fewer fracture types and subtypes,
which left gaps that did not allow for descriptions of all fracture
types. In addition, none of the classification systems went through
a rigorous validation process, and therefore were often difficult to
reproduce outside of the original working group that proposed
the system.
In the last 10 yr, 2 classification systems have been proposed,

TLICS and the AO Thoracolumbar Spine Injury Classification
System. These have both undergone studies to measure internal
and external reliability and were found to be inclusive and
descriptive of most thoracolumbar fractures. Hopefully, more
studies using these systems will become available to determine if
these systems can accurately predict fracture treatment through
specific treatment protocols. The authors recommend utilizing
a thoracolumbar trauma classification scheme that uses readily
available clinical data, such as the TLICS/TLISS or the AO Spine
Thoracolumbar Spine Injury Classification System. However,
there is insufficient evidence to recommend a universal classifi-
cation system that can guide treatment and affect outcomes of
these injuries.

Disclosures
These evidence-based clinical practice guidelines were funded exclusively by

the Congress of Neurological Surgeons (CNS) and the Section on Disorders of the
Spine and Peripheral Nerves in collaboration with the Section on Neurotrauma

and Critical Care, which received no funding from outside commercial sources to
support the development of this document.

Potential Conflicts of Interest:
The task force members were required to report all possible conflicts of interest

(COIs) prior to beginning work on the guideline, using the COI disclosure
form of the AANS/CNS Joint Guidelines Committee, including potential
COIs that are unrelated to the topic of the guideline. The CNS Guidelines
Committee and Guideline Task Force Chairs reviewed the disclosures and either
approved or disapproved the nomination. The CNS Guidelines Committee
and Guideline Task Force Chairs are given latitude to approve nominations
of Task Force members with possible conflicts and address this by restricting
the writing and reviewing privileges of that person to topics unrelated to
the possible COIs. The conflict of interest findings are provided in detail in
the companion introduction and methods manuscript (https://www.cns.org/
guideline-chapters/congress-neurological-surgeons-systematic-review-evidence-
based-guidelines/chapter_1). The authors have the following potential conflicts
of interest: Dr Anderson: Aesculap-Consultant, SI Bone-Stock shareholder,
Spartec-Stock shareholder, Expanding Orthopedics-Stock shareholder, Titan
Spine-Stock shareholder, RTI-Other, Stryker-Other, Lumbar Spine Research
Society-Board officer position (President). Dr Arnold: Medtronic-Consultant,
Sofamor Danek-Consultant, Spine Wave-Consultant, InVivo-Consultant,
Stryker Spine-Consultant, Evoke Medical-Stock shareholder, Z-Plasty-Stock
shareholder, AO Spine North America-Sponsored or reimbursed travel (for
self only). Dr Chi: DePuy Spine-Consultant, K2M-Consultant. Dr Dailey:
K2M-Grants/Research support/Consultant, Zimmer Biomet-Consultant,
Medtronic-Consultant. Dr Dhall: Globus Medical-Honorarium, Depuy Spine-
Honorarium. Dr Harrop: DePuy Spine-Consultant, Asterias-Other/Scientific
advisor, Tejin-Other/Scientific advisor, Bioventus-Other/Scientific advisor, AO
Spine-Board, trustee, or officer position. DrO’Toole: GlobusMedical-Consultant
fee, RTI Surgical-Consultant, Theracell, Inc.-Stock shareholder.

Disclaimer of Liability
This clinical systematic review and evidence-based guideline was developed

by a multidisciplinary physician volunteer task force and serves as an educational
tool designed to provide an accurate review of the subject matter covered. These
guidelines are disseminated with the understanding that the recommendations
by the authors and consultants who have collaborated in their development are
not meant to replace the individualized care and treatment advice from a patient’s
physician(s). If medical advice or assistance is required, the services of a competent
physician should be sought. The proposals contained in these guidelines may not
be suitable for use in all circumstances. The choice to implement any particular
recommendation contained in these guidelines must be made by a managing
physician in light of the situation in each particular patient and on the basis of
existing resources.

REFERENCES
1. Audige L, Bhandari M, Hanson B, Kellam J. A concept for the validation of

fracture classifications. J Orthop Trauma. 2005;19:401-406.
2. Bono CM, Vaccaro AR, Hurlbert RJ, et al. Validating a newly proposed classifi-

cation system for thoracolumbar spine trauma: looking to the future of the thora-
columbar injury classification and severity score. J Orthop Trauma. 2006;20:567-
572.

3. Mirza SK, Mirza AJ, Chapman JR, Anderson PA. Classifications of thoracic
and lumbar fractures: rationale and supporting data. J Am Acad Orthop Surg.
2002;10:364-377.

4. Sethi MK, Schoenfeld AJ, Bono CM, Harris MB. The evolution of thora-
columbar injury classification systems. Spine J. 2009;9:780-788.

5. Vaccaro AR, Lehman RA Jr,Hurlbert RJ, et al. A new classification of thora-
columbar injuries. Spine. 2005;30:2325-2333.

E26 | VOLUME 84 | NUMBER 1 | JANUARY 2019 www.neurosurgery-online.com

D
ow

nloaded from
 http://journals.lw

w
.com

/neurosurgery by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0h
C

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 01/15/2025

https://www.cns.org/guideline-chapters/congress-neurological-surgeons-systematic-review-evidence-based-guidelines/chapter_1
https://www.cns.org/guideline-chapters/congress-neurological-surgeons-systematic-review-evidence-based-guidelines/chapter_1
https://www.cns.org/guideline-chapters/congress-neurological-surgeons-systematic-review-evidence-based-guidelines/chapter_1


CLASSIFICATION OF INJURY

6. Vaccaro AR, Oner C, Kepler CK, et al. AOSpine thoracolumbar spine injury
classification system. Spine. 2013;38:2028-2037.

7. Bohler L. Die Techniek de Knochenbruchbehandlung im Greiden und im Kriegeed.
Wien, Austria: Maudrich; 1930.

8. Watson-Jones R. The results of postural reduction of fractures of the spine. J Bone
Joint Surg Am. 1938;20:567-586.

9. Nicoll EA. Fractures of the dorso-lumbar spine. J Bone Joint Surg Br.
1949;31B:376-394.

10. Holdsworth F. Review article fractures, dislocations, and fracture-dislocations of
the spine. J Bone Joint Surg 1970;52:1534-1551.

11. Kelly RP,Whitesides TE, Jr. Treatment of lumbodorsal fracture-dislocations. Ann
Surg. 1968;167:705-717.

12. Denis F. The three column spine and its significance in the classification of acute
thoracolumbar spinal injuries. Spine. 1983;8:817-831.

13. Ferguson RL, Allen BL, Jr. A mechanistic classification of thoracolumbar spine
fractures. Clin Orthop Relat Res. 1984;189:77-88.

14. Magerl F, Aebi M, Gertzbein SD, Harms J, Nazarian S. A comprehensive
classification of thoracic and lumbar injuries. Eur Spine J. 1994;3:184-201.

15. McAfee PC, Yuan HA, Fredrickson BE, Lubicky JP. The value of computed
tomography in thoracolumbar fractures. An analysis of one hundred consecutive
cases and a new classification.. J Bone Joint Surg. 1983;65:461-473.

16. McCormack T, Karaikovic E, Gaines RW. The load sharing classification of spine
fractures. Spine. 1994;19:1741-1744.

17. Reinhold M, Audige 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;22:2184-2201.

18. Vaccaro AR, Zeiller SC, Hulbert RJ, et al. The thoracolumbar injury severity
score: a proposed treatment algorithm. J Spinal Disord Tech. 2005;18:209-215.

19. Wood KB, Khanna G, Vaccaro AR, Arnold PM, Harris MB, Mehbod AA.
Assessment of two thoracolumbar fracture classification systems as used bymultiple
surgeons. J Bone Joint Surg Am. 2005;87:1423-1429.

20. Oner FC, Ramos LM, Simmermacher RK, et al. Classification of thoracic and
lumbar spine fractures: problems of reproducibility. Eur Spine J. 2002;11:235-245.

21. Leferink VJ, Veldhuis EF, Zimmerman KW, ten Vergert EM, ten Duis HJ.
Classificational problems in ligamentary distraction type vertebral fractures: 30%
of all B-type fractures are initially unrecognised. Eur Spine J. 2002;11:246-250.

22. Kriek JJ, Govender S. AO-classification of thoracic and lumbar fractures–
reproducibility utilizing radiographs and clinical information. Eur Spine J.
2006;15:1239-1246.

23. Parker JW, Lane JR, Karaikovic EE, Gaines RW. Successful short-segment instru-
mentation and fusion for thoracolumbar spine fractures. Spine. 2000;25:1157-
1170.

24. Dai LY, Jin WJ. Interobserver and intraobserver reliability in the load
sharing classification of the assessment of thoracolumbar burst fractures. Spine.
2005;30:354-358.

25. Vaccaro AR, Baron EM, Sanfilippo J, et al. Reliability of a novel classification
system for thoracolumbar injuries: the Thoracolumbar Injury Severity Score. Spine.
2006;31:S62-S69; discussion S104.

26. Patel AA, Vaccaro AR, Albert TJ, et al. The Adoption of a New Classification
System. Spine. 2007;32:E105-E110.

27. Schweitzer KM, Jr, Vaccaro AR, Lee JY, Grauer JN. Confusion regarding mecha-
nisms of injury in the setting of thoracolumbar spinal trauma: a survey of The Spine
Trauma Study Group (STSG). J Spinal Disord Tech. 2006;19:528-530.

28. Whang PG, Vaccaro AR, Poelstra KA, et al. The influence of fracture mechanism
and morphology on the reliability and validity of two novel thoracolumbar injury
classification systems. Spine. 2007;32:791-795.

29. Lenarz CJ, Place HM, Lenke LG, Alander DH, Oliver D. Comparative
reliability of 3 thoracolumbar fracture classification systems. J Spinal Disord Tech.
2009;22:422-427.

30. Lenarz CJ, Place HM. Evaluation of a new spine classification system, does it
accurately predict treatment? J Spinal Disord Tech. 2010;23:192-196.

31. Joaquim AF, Fernandes YB, Cavalcante RA, Fragoso RM, Honorato DC, Patel
AA. Evaluation of the thoracolumbar injury classification system in thoracic and
lumbar spinal trauma. Spine. 2011;36:33-36.

32. Joaquim AF, Lawrence B, Daubs M, et al. Measuring the impact of the Thora-
columbar Injury Classification and Severity Score among 458 consecutively treated
patients. J Spinal Cord Med. 2014;37:101-106.

33. 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;13:1760-1765.

34. Choi HJ, Kim HS, Nam KH, Cho WH, Choi BK, Han IH. Applicability of
thoracolumbar injury classification and severity score to criteria of korean health
insurance review and assessment service in treatment decision of thoracolumbar
injury. J Korean Neurosurg Soc. 2015;57:174-177.

35. Chhabra HS, Kaul R, Kanagaraju V. Do we have an ideal classification system for
thoracolumbar and subaxial cervical spine injuries:What is the expert’s perspective?
Spinal Cord. 2015;53:42-48.

36. Radcliff K, Kepler CK, Rubin TA, et al. Does the load-sharing classifi-
cation predict ligamentous injury, neurological injury, and the need for surgery
in patients with thoracolumbar burst fractures?. J Neurosurg Spine. 2012;16:534-
538.

37. Vaccaro AR, Rihn JA, Saravanja D, et al. Injury of the posterior ligamentous
complex of the thoracolumbar spine. Spine. 2009;34:E841-E847.

38. Urrutia J, Zamora T, Yurac R, et al. An independent interobserver reliability and
intraobserver reproducibility evaluation of the new AOSpine thoracolumbar spine
injury classification system. Spine. 2015;40:E54-E58.

Acknowledgments
The guidelines task force would like to acknowledge the CNS Guidelines

Committee for their contributions throughout the development of the guideline
and the American Association of Neurological Surgeons/CNS Joint Guidelines
Review Committee for their review, comments, and suggestions throughout peer
review, as well as the contributions of Trish Rehring, MPH, CHES, Senior
Manager of Clinical Practice Guidelines for the CNS, and Mary Bodach, MLIS,
Guidelines Specialist and Medical Librarian for assistance with the literature
searches. Throughout the review process, the reviewers and authors were blinded
from one another. At this time, the guidelines task force would like to acknowledge
the following individual peer reviewers for their contributions: Maya Babu, MD,
MBA, Greg Hawryluk, MD, PhD, Steven Kalkanis, MD, Yi Lu, MD, PhD,
Jeffrey J. Olson, MD, Martina Stippler, MD, Cheerag Upadhyaya, MD, MSc,
and Robert Whitmore, MD.

NEUROSURGERY VOLUME 84 | NUMBER 1 | JANUARY 2019 | E27

D
ow

nloaded from
 http://journals.lw

w
.com

/neurosurgery by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0h
C

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 01/15/2025


