
Introduction
Thoracolumbar (TL) region is defined as the 
region between T10- L2 vertebral bodies [1] 
.The fractures of the thoracolumbar region 
constitute a spectrum of injuries ranging from 
simple undisplaced stable fracture to an 
unstable fracture dislocation. Injuries in this 
region are more common as it is transition 
zone between kyphotic thoracic region and 
the lordotic lumbar region, also transits from 
stiff thoracic spine to a mobile lumbar spine 
along with the change of orientation of facet 
joints from coronal to sagittal .In addition, the 
location of the body's center of gravity 
anterior to the body causes compression 
forces to be transmitted to the anterior 
vertebral bodies & distraction of the posterior 
elements [1,2].
Bohler first classified TL fractures eight 
decades ago, which was followed by multiple 
fracture classifications [3]. Though there are 
various classification systems there is no 
consensus on which is the most applicable. 
The various classification systems has  been 
described based on the mechanism of injury , 
morphology of the fracture , two or three  
column injuries including posterior 
ligamentous complex and  presence of 
neurological deficit . The complex vertebral 
anatomy and ligamentous structures are to be 

included into the fracture classification 
making it difficult to classify.  Occurrence of 
new pattern of injuries and advanced 
investigations create a lacunae in previous 
classification. 
Fracture pattern depends on the mechanism 
of injury and the forces acting at specific 
position of spine. Rationale of stability of TL 
fractures is the one which dictates the 
treatment. The concept of stability has varied 
from posterior ligamentous complex injury, 
two column concept, and three column 
concept and scoring systems with time. 
Plain radiographs & computer tomography 
(CT) are the investigative modality of choice 
for evaluating TL fractures.  Even though MRI 
might be able to image the posterior 
ligamentous complex, its role in TL fractures 
is still not well defined. MRI is definitely 
indicated when there is disparity between the 
neurological level of injury and skeletal injury, 
and in patients with worsening of neurological 
deficit after admission. MRI may also have a 
role in evaluating the posterior ligamentous 
complex to differentiate between a stable or 
unstable burst fractures. Rajasekaran et al 
concluded that the MRI did offer modest gain 
in sensitivity in Posterior ligament complex 
(PLC) injuries but did not support the need 
for routine MRI for classification in assessing 

instability or need for surgery [ 4,5].  The 
classification systems are based on static 
images of the spinal injuries. The available 
imaging techniques are taken in supine 
position which cannot identify reduced 
thoracolumbar subluxation as well as the 
extent of deformity.
An ideal system should be simple, reliable, 
comprehensive, and reproducible, should 
facilitate communication between surgeons 
and also guide the treatment. This review 
provides an overview on the evolution of 
various classification system & discusses the 
merits of the current systems.

Thoracolumbar Classification systems
Bohler Classification [3 ]
First description of Thoracolumbar fractures 
in 1930 which was mainly descriptive based 
on plain radiographs . Classified into five 
categories: compression, flexion- distraction 
injury,  extension,  shear fractures and 
rotational injuries.
Watson Jones classification [6 ]
First classification  to highlight the 
importance of posterior ligamentous complex 
(PLC). Described seven fracture types of 
which three are essential : simple wedge , 
comminuted fracture and fracture- 
dislocation.
Holdsworth Classification [7 ]
Holdsworth  mechanistic classification 
revolutionized the classification system by 
introducing the concept of two columns 
.Spine was divided into two columns :anterior 
(vertebral body and intervertebral disc)and 
posterior (neural arch and posterior 
ligamentous complex)[Figure 1]. Based on 
the injury pattern he divided spinal fractures 
into five types: pure flexion, flexion rotation, 
extension, vertical compression or direct 
shearing force.  The involvement of both the 
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columns rendered the spine unstable .  
 
 Clinical Relevance of Bohler, Watson - 
Jones and Holdsworth Classification :
Bohler was the first to give a descriptive 
classification of TL fractures. Later Watson 
Jones introduced the concept of instability 
and attributed it to PLC injury. Nicoll stated 
that integrity of interspinous ligament is 
important for spinal stability. Holdsworth 
introduced the concept of columns and stated 
that the involvement of  the posterior column  
renders the spine unstable . All these 
classifications are simple and state fracture 
patterns but are not predictive of outcome 
[8].

Denis Classification [ 9] :
Three column concept of Denis redefined the 
fracture pattern and classification of TL 
injuries. Computer Tomography (CT) 
analysis was done which helped to look more 
clearly into the fracture anatomy and patterns. 
Denis divided spine into three columns : 
Anterior, middle and posterior. 
Anterior column includes the anterior half of 
vertebral body and anterior half of vertebral 
disc ,Middle column consists of  posterior half 
of vertebral body and posterior  half of 
vertebral disc and posterior column is similar 
to the posterior column proposed by 
Holdsworth[Figure 2]. According to Denis 
injury to middle column implies spinal 
instability . Classification proposed by Denis 
includes four types which have further 
subtypes [Table 1]: 
Compression fractures: Failure of the anterior 
column under compression.
Burst fractures :   Failure of the anterior and 
middle columns with fracture of the vertebral 
body under axial load
Seat belt injuries :     Failure of the posterior 
and middle column, under flexion-distraction 
forces
Fracture dislocations : Failure of all the three 
columns 
Denis highlighted the importance of 
neurological status and described three forms 
of instability by degrees. The first degree 
corresponds to isolated mechanical instability, 
second-degree includes injuries with 

neurologic component but no 
mechanical instability and third degree 
refers to injuries with mechanical and 
neurologic instability. 
Denis classification is simple and 
highlights the relationship between 
neurologic injury and stability ,but it 
did not distinguish between stable and 
unstable patterns. Middle column as 
described by Denis is not an anatomical 
part but is an arbitrary division in the 
vertebral body itself.  It has moderate  
inter -observer reliability and also does 
not predict outcome[10].

Mc Afee Classification [ 11]
McAfee  based on study of 100 
consecutive patients categorized the 
failure of the middle column into one of 
the three modes : axial compression, 
axial distraction &  translation. 
McAfee classification  reinforces the 
importance of middle column in spinal 
stability , redefines the burst fractures 
into stable and unstable fractures 
,further divided  the seat belt injury into 
bony chance and flexion distraction 
injury. He described six injury patterns:
• Wedge-compression fracture : Injury 
causing isolated failure of the anterior 
column
• Stable burst fracture : Anterior and 
middle columns fail in compression 
with no loss of integrity of the posterior 
elements.
• Unstable burst fracture: Anterior and 
middle columns fail in compression and 
the posterior column is disrupted
• Chance Fracture : Horizontal avulsion 
injury of vertebral body as result of flexion 
about an axis anterior to the longitudinal 
ligament.
• Flexion-distraction injury : Compressive 
failure of the anterior column  while the 
middle and posterior columns fail in tension.
• Translational injuries : Complete 
disruption of neural canal which shear failure 
of all three columns..  

Wedge compression and stable burst fractures 

are stable and can be treated conservatively.  
Vertebral body height loss more than 50 %, 
kyphosis > 30 , facet joint subluxation, 
progressive neurological deficits and spinal 
canal occlusion by bone fragments in a CT 
with existence of incomplete neurological 
deficits were defined as instability criteria. 
According to these criteria all translational 
injuries, fracture dislocations , posterior 
ligamentous injuries with kyphosis greater 
than 30 degrees are unstable injuries and will 
need surgery . This classification is one of the 
most popular and practical which is still in use 
in clinical practice .
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TYPE OF FRACTURE ANTERIOR MIDDLE POSTERIOR

COMPRESSION Compression None None or distraction (severe)

BURST Compression Compression None

SEAT BELT TYPE None or Compression Distraction Distraction

FRACTURE DISLOCATION Compression and rotation shear Distraction and rotation shear Distraction rotation shear

TABLE 1: BASIC MODES OF FAILURE OF THREE COLUMNS IN FOUR MAJOR TYPES OF SPINAL INJURIES COLUMN

Compression fracture 1

Burst fracture 1

Translation/Rotation 3

Distraction 4

Intact neurology 0
Nerve root Injury 2

Incomplete Cord Injury / 

Conus Injury 3

Complete cord Injury / 

Conus Injury 2

Cauda Equina Injury 3

Intact 1

Suspected / 

Indeterminate 2

Injured 3

POSTERIOR LIGAMENTOUS 

COMPLEX INJURY

MORPHOLOGY OF FRACTURE

TABLE 2: THORACOLUMBAR 

INJURY CLASSIFICATION AND 

POINTS 

NEUROLOGICAL INVOLVEMENT
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McCormack Load Sharing Classification [12]
First point based classification system to 
guide the treatment patterns based on score. 
Based on communition ,apposition and 
kyphosis reduction point scoring system was 

used for quantification [Figure 3]. 
McCormack et al. introduced  this 
classification  to predict the risk of implant 
failure after posterior short segment fixation 
for thoracolumbar fractures and was mainly 

applicable to Burst fractures . They proposed 
score greater than 7 points has greater failure 
rates with short segment fixation and requires 
anterior fixation.
The scoring system, mainly focuses on 
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Intact Disrupted

Intact Posterior approach Posterior approach

Root Injury Posterior approach Posterior approach

Incomplete SCI* 

or cauda equina Anterior approach Combined  approach

Complete SCI* or 

cauda equina Posterior(anterior) approach Posterior (combined)approach

Posterior Ligamentous complex
Neurologic Status

*SCI – Spinal Cord Injury

Figure. 3:  Guide to surgical approach according to TLICS

Figure. 4: Overview Of Thoracolumbar Fracture Classifications

Classification Year Basis Categories(subtypes)Rationale of Instability

Bohler 1930 Anatomic- mechanistic 5        -

Watson-Jones 1938 Morphologic-Stabiltiy 3(7) PLC Injury

Nicoll 1949 Anatomic 4(7)        -

Holdsworth 1963 Two column system 5
Posterior Column 

Injury

Denis 1983 Three column system 4(16) Middle column

Allen and 

Ferguson
1984 Mechanistic- Element Concept 7

Middle and posterior 

element

Mc Afee 1993 Three Column system 6 Instability criteria

Mc Cormack 1994 Point system 9      >7 

AO/Magerl 1994 Morphologic 3(53) Morphology of Injury

TLICS 2005 Point system 10      >4 

AO TL 

classification and 

ISS*

2013 Morphologic + Modifiers 3  Evolving

*ISS – Injurity severity system
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vertebral body fractures rather than posterior 
ligamentous complex and is not related to 
mechanism of injury. Thus this classification 
system is an adjunctive tool especially in burst 
fractures but cannot replace other 
classification systems . Li- yang Dai et al have 
shown a high level of interobserver & 
intraobserver reliability of load sharing 
classification in assessment of tharacolumbar 
burst fractures [13].  This classification has 
lost its significance in the recent years due to 
the increased use of “intermediate screw 
concept (pedicle screw in the fractured 
vertebral body ) in the surgical management 
of Burst fractures [14]. 

MAGERL /AO 
(ARBEITSGEMEINSCHAFT 
FÜR 
OSTEOSYNTHESEFRAGEN) 
CLASSIFICATION [15]:
Magerl in 1994 after an extensive 
analysis  on 1445 cases came with a 
comprehensive classification which 
defines all the fracture patterns of TL 
injuries. Two column concept has 
been highlighted and was used for 
description of TL fractures. This is a 
complete classification which not 
only incorporates the mechanism of 
injury but also defines the fracture 
pattern. The classification proposes 
three types of injury mechanism: 
compression (type A), distraction 
(type B) and torsion (type C) 
[Figure 4]. They defined the 
fractures based on severity starting 
from simple patterns to more 
complex ones. Stability was also 
addressed by this fracture 
classification stating simple fractures 

as stable and complex ones as unstable. 
Though it defines the fracture in a more 
extensive way with total of 53 subtypes, this 
makes it complex and difficult. 
Despite widespread usage of the AO/Magerl 
classification, it has lower inter-observer 
reliability and is less useful in therapeutic 
decision making and prognostic purposes 
.Blauth et al. have reported that the inter-
observer reliability of the AO classification 
was low (fair agreement, κ = 0.33), and when 
the injury was classified into subgroups, the 
inter-observer reliability decreased 
further[16].  Oner et al. and Wood et al. have 

also reported that the Denis classification 
system (κ= 0.60 and 0.606) showed higher 
inter-observer reliability than the AO 
classification system (κ = 0.35 and 
0.475)[10,17]. Neurologic injury is not 
addressed, which is a drawback to this 
classification. This classification has recently 
been simplified  by the AO Spine Knowledge 
forum and will be discussed later.

TLICS : Thoracolumbar Injury 
Classification And Severity Score [18]
Spine Trauma study group came with a new 
classification system in 2005   that was 
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Figure. 1: Vertebral column divided into two columns : 
anterior (vertebral body and intervertebral disc)and posterior 
(neural arch and posterior ligamentous complex).

Figure. 3: Load scoring classification - Three main parameters (communition,apposition and kyphotic correction) 
are considered for scoring and each is graded into 3 points .

Figure. 2: Vertebral column divided into three columns : anterior (anterior half of 
vertebral body and intervertebral disc), middle(posterior half of vertebral body and 
intervertebral disc)and posterior (neural arch and posterior ligamentous complex) .
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designed to depict the features important to 
predict spinal instability, future deformity & 
progressive neurologic compromise . To guide 
a treatment protocol, they designed a 10 point 
scoring system considering three principal 
parameters- Injury morphology, Posterior 
ligamentous complex (PLC) status and 
neurological injury [Table 2] .The PLC 
includes the supraspinous ligament 
,interspinous ligament ,ligamentum flavum & 
the facet joint capsule . 
A score less than 4 indicates non-surgical 
treatment, while a score greater than 4 
indicates the need of surgical treatment 
because of significant instability. A total score 
of 4 may be treated either surgically or non-
surgically.
They defined three categories of instability
 a) Immediate 
mechanical instability 
(suggested by the 
morphology of 
injury)
 b) Long term stability 
( indicated by 
integrity of the PLC ) 
c) Neurologic stability 
( indicated by the 
presence or absence of 
instability) 
The TLICS guides 
not only the need for 
surgery but the 
surgical approach as 
well [Table 3]    

Though this system predicts outcome, 
the validation studies are performed by 
the authors which questions the 
reliability. Moreover the major 
determinants taken into consideration are 
independent of each other which may 
sometimes misguide treatment.  MRI is 
needed for knowing the integrity of PLC 
which is one of the limitation to this 
classification.

Comparing the reliability of Denis, AO, and 
TLICS systems Lenarz et al. and observed 
that in all the three systems variation in 
reliability was present [19]. They noted  the 
highest reliability in the senior resident group 
and attending spine surgeon group and  the 
lowest reliability  in the non - spine attending 
orthopedists and junior residents.  The 
highest inter observer and intraobserver 
reliability was noted for the  neurologic status. 
They concluded that the TLICS is an 
acceptably reliable system when compared 
with the Denis and AO systems.  Joaquim et al 
in a retrospective case series noted that the 
TLICS  score treatment recommendation 
matched the surgical treatment in 47 of the 49 
patients studied[20] . 

AO Spine Thoracolumbar Spine Injury 
Classification [21]
The AO spine knowledge forum in  2013  has 
proposed a comprehensive  Spine Injury 
Classification  System which includes the 
 1. Morphology of the fracture 
 2. Neurological status   and
 3. Patient-specific  clinical modifiers.  

1 .Morphological Classification 
This is based on Magerl classification which is 
modified by the AOSpine Knowledge 
forum.and is based on mode of failure  of the 
spinal column [ Figure 5].

Type A 
Involve anterior element fracture without 
PLC involvement. They are subdivided into 
five subtypes [Figure 6]. These subtypes are 
used in description of vertebral body fractures 
in B and C types.
A0 : Minor Nonstructural fractures( 
transverse process or spinous process 
fractures )
A1 : wedge compression fractures( fracture 

Figure. 4: Magerl classification – showing three main 
types (A- compression, B- distraction ,C-torsional 
injury) and subtypes .Arrows denote the injury forces 
acting in individual fracture pattern.

Figure. 5: AO Spine Thoracolumbar Spine Injury Classification with three morphologic 
patterns of injury (A,B,C )

Figure. 6: Vertebral column divided into three columns : anterior (anterior half of vertebral body and intervertebral disc), 
middle(posterior half of vertebral body and intervertebral disc)and posterior (neural arch and posterior ligamentous complex) .
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involving one end plate without involvement 
of the posterior wall of the vertebral body ) 
[Figure 7]
A2 : Split fractures( pincer type fractures 
involving both endplates but does not involve 
the posterior vertebral wall [Figure 8]
A3 : Incomplete burst fractures(Fractures 
with involvement of the posterior vertebral 
wall & spinal canal  and involving one end 
plate ) [Figure 9]
A4: Complete burst fractures(Fractures with 
involvement of the posterior vertebral wall & 
spinal canal  and involving both end plate ) 
[Figure 10]
 
TYPE B 
These fracture are due to failure of posterior 
or anterior constraints such as PLC or 
anterior longitudinal ligament 
B1 : Chance fracture or transosseous tension 
band disruption [Figure 11]
B2 : Posterior tension band disruption ( 
includes osteoligamentous chance ,flexion 
distraction injuries and burst fractures with 
involvement of PLC ) [Figure 12]
B3 : Hyperextension injury through disc or 
vertebral body with disruption of anterior 
longitudinal ligament ( classical seen in stiff 
spine eg. Ankylosing spondylitis ) [Figure 13]

TYPE C 
These fractures  are characterized by 
displacement of the cranial or the caudal 
vertebral fractures segments in any plane ( any 
translation injury ) [Figure 14]. No subtypes 
are classified due to possibility of various 
configurations. Any associated vertebral body 
fracture should be specified separately ( eg : 
A1, A2, A3 , A4). Any associated posterior 
tension band injuries should be specified 
separately (eg: B1,B2, B3).

2.Neurologic Injury
This takes into consideration of the 

neurologic status at the moment of admission 
N0 : Neurologically intact
N1 : Transient neurologic deficit , which is no 
longer present

N2 : Radicular symptoms
N3 : Incomplete spinal cord injury or any 
degree of cauda equina injury
N4 : Complete spinal cord injury
NX : Neurologic status is unknown due to 
sedation or head injury.

3 .Clinical Modifiers
M1  :  Indeterminate  posterior complex 
injury

M2 : Patient specific comorbidity ( includes 
but not limited to ankylosing spondylitis , 
rheumatologic conditions , DISH, 
osteoporosis, or burns affecting the skin 
overlying the injured spine )

This system is designed to be comprehensive 
with high interobserver reliability and good 
predictor of outcome. Similar to the 
AO/Magerl system it delineates the stable and 
unstable fractures thus  helping in treatment 
guidelines. This classification system is being 
subjected to rigorous scientific assessement. 
Kepler et al in a survey of 100 AO spine 
members  confirmed the hierarchial structure 
of the AOSpine thoracolumbar Spine Injury 
Classification system and the possibility of the 
development of a globally applicable injury 

severity scoring system[22] . Kaul et al in a 
multicenter study compared the reliability of 
AO Spine thoracolumbar Spine injury 
classification and TLICS  ,observed better 
reliability with the AO spine classification 
[23] 
Overview of Thoracolumbar Fracture 
Classifications (Table 4)
Guide to treatment based on New AO 
Classification

Figure. 7: AO Spine Thoracolumbar Spine Injury Classification showing subtypes of TYPE A 
fractures.

Figure. 8: Lateral radiograph of thoracolumbar spine(A) showing a wedge compression fracture (A1 
injury) of the superior endplate of L1 vertebra; CT Sagittal (B) and axial(C) images showing 
involvement of upper end plate alone with intact posterior cortex of vertebral body.

Figure. 9: Lateral radiograph of thoracolumbar spine(A) showing an incomplete burst fracture (A3 
injury) of L2 vertebra; CT sagittal image(B) showing superior end plate fracture with intact inferior 
end plate, posterior wall involvement with retropulsion of posterior superior cortex; axial image(C) 
showing posterior wall fracture with canal compromise.

Shetty AP et al
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We propose the following factors to be considered based on AO 
classification system for the management of TL fractures.
1. Clinical scenario
2. Severity of the injury 
3. Neurologic status
4. Associated polytrauma

Plain radiographs and CT are absolutely essential to classify the 
factors. MRI may be usual to identify PLC injury & hence in 
diagnosis of B2 type injuries. Simple fractures like TYPE A0, A1, 
A2 can be treated conservatively. Type B and C are better treated 
by surgical method. Management of A3 & A4 fractures depend 
on the presence of neurological deficit , kyphosis , communition 
and patient modifiers. 

Posterior ligamentous complex plays an important role in long 
term functional outcome. Clinical findings like severe tenderness 
and palpable posterior gap suggests PLC injury. Radiological 
signs such as widening of interspinous distance, facet disruption, 
Local Kyphosis > 20 and vertebral body comminution to be 
considered as indicators of associated PLC injury.Surgical 
management is advised in such situations. Patients with 
neurologic injury must be surgically treated with or without 
direct decompression.  The choice of surgical approach & 
technique  has not proved to have any impact on the clinical and 
radiological outcome, hence currently there is no definitive 
recommendation . It depends on the training , center, & the 
understanding & beliefs of the surgeon .

Figure. 10:  Lateral radiograph of thoracolumbar spine(A) showing a complete burst 
fracture (A4 injury) of L1 vertebra; CT sagittal image (B) showing retropulsion of 
posteriosuperior cortex;  coronal image(C) showing fracture involving both end 
plates; axial image(D) showing posterior wall fracture and retropulsion with canal 
compromise. Vertical fracture of the lamina (E) is usually present and does not 
constitute a tension band failure.

Figure. 11:  Showing Type B1 fracture : Chance or Transosseous Tension band 
Injury .Lateral Radiograph(A), CT sagittal cuts (B,C) showing B1 fracture (white 
arrow shows transosseous disruption of posterior tension band . Black arrow shows 
the fracture line passing through the pedicle).

Figure. 12:  Showing Type B2 fracture - Posterior tension band disruption. Lateral 
radiograph of dorsolumbar spine(A) showing an osteoligamentous Chance fracture 
(B2 injury) of L1 vertebra with splaying of D12 and L1 spinous processes (white 
double-headed arrow) Sagittal computed tomography image (B) showing fracture 
causing disruption of posterior ligamentous complex (white single-headed arrow)

Figure. 13:  Showing Type B3 fracture – Anterior tension band disruption. Lateral 
radiograph (A) and sagittal computed tomography scan (B) of dorsolumbar spine, 
showing a hyperextension injury of D12 vertebra in an ankylosed spine, with fracture 
line starting at the anterior portion of body (white arrows), passing through it and 
extending to the posterior tension band (black arrows with white outline) .

Shetty AP et al

The classification of TL fractures has been evolving over 
the last 9 decades. There is no universally accepted 
classification so far to guide the treatment. Historically 
McAfee, AO/Magerl and Load sharing classification had 
been widely in use but none proved flawless. TLICS came 
with scoring system which guides treatment and predictor 
of outcome which is widely in use but had its own pitfalls.. 
The AO spine thoracolumbar classification system and its 
attempt at developing a injury severity scoring system is 
the most recent and the promising classification  so far . 
The AO spine thoracolumbar classification system should 
be able to guide treatment and predict the outcome to 
overcome the pitfalls of other classifications. However 
clinical experience and clinical scenario should not be 
outweighed by these classification systems to guide the 
treatment.

Conclusions
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Figure. 14:  : Showing Type C fracture – 
Translational Injury.Lateral radiograph (A) of 
dorsolumbar spine showing anterior 
dislocation of D12 on L1 vertebra; Sagittal 
computed tomography scans (B, C) of 
dorsolumbar spine, showing anterior 
translation of D12 over L1 (white double-
headed arrows) with bilateral dislocated facets 
(white single-headed arrow).
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