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Controversy surrounding the classification of 
thoracolumbar injuries has given rise to various 
classification systems over the years, including 
the most recent AOSpine Thoracolumbar Injury 
Classification System (ATLICS). This systematic 
review aims to provide an up-to-date evaluation of 
the literature, including assessment of a further three 
studies not analysed in previous reviews. In doing 
so, this is the first systematic review to include the 
reliability among non-spine subspecialty professionals 
and to document the wide variety between reliability 
across studies, particularly with regard to sub-type 
classification. Relevant studies were found via a 
systematic search of PubMed, EBESCO, Cochrane 
and Web of Science. Data extraction and quality 
assessment were conducted in line with Cochrane 
Collaboration guidelines. Twelve articles assessing 
the reliability of ATLICS were included in this review. 
The overall inter-observer reliability varied from fair 
to substantial, but the three additional studies in this 
review, compared to previous reviews, presented on 
average only fair reliability. The greatest variation 
of results was seen in A1 and B3 subtypes. Least 
reliably classified on average was A4 subtype. This 
systematic review concludes that ATLICS is reliable 
for the majority of injuries, but the variability within 
subtypes suggests the need for further research in 
assessing the needs of users in order to increase 
familiarity with ATLICS or perhaps the necessity 
to include more subtype-specific criteria into the 
system. Further research is also recommended on the 
reliability of modifiers, neurological classification and 
the application of ATLICS in a paediatric context. 

Keywords : AOTLIC ; ATLICS ; AO ; spine ; thoraco-
lumbar ; injury classification ; systematic review, 
reliability.

INTRODUCTION

Controversy surrounds the best way to classify 
thoracolumbar spine injuries. Such injuries com-
monly present to major trauma units and can cause 
significant morbidity (1). Many different management 
strategies exist, each presenting different risks and 
benefits for the patients. Thoracolumbar fractures 
are also highly varied in their presentation, which 
makes developing a standardised classification 
system challenging. 
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Classification systems of injuries are an im-
portant clinical tool, because they can provide 
efficient communication between clinicians (2). In 
that respect, it is fundamental that classification 
systems are comprehensive, accurate and reliable, in 
order to lead to the most indicated treatment options 
and desired outcomes (3). Thus, the balance of being 
precise enough to be practically useful, but simple 
enough to have good inter-observer reliability is key 
(4). 

Numerous thoracolumbar fracture classification 
systems have been proposed since Watson-Jones’s 
pioneering classification in 1938 (5). Many of these 
systems focused on the morphological characteristics 
of injuries. Nicoll (6) was the first to allow a more 
practical interpretation by focusing mainly on 
those injuries with worse functional outcomes. 
Holdsworth (7) built upon this by correlating frac-
ture patterns with associated neurological deficits 
and their prognosis. Denis (8) restructured the 
classification system with a more hierarchical 
grading, taking into consideration the biomechanical 
aspects of the fractures, potential instability and 
the possibility of a neurological involvement. He 
also introduced the three-column concept at a time 
where the use of computed tomography (CT) made 
possible a precise three-dimensional understanding 
of the morphological aspects of fractures (8). 
The integration of the morphology, neurological 
deficit and hierarchical grading of injuries enabled 
surgeons to identify more accurately the injuries to 

treat surgically, providing optimised results for the 
patients.  

To address the criticisms that historic classifi-
cations were imprecise (2), Magerl proposed the 
Arbeitsgemeinschaft für Osteosynthesefragen (AO) 
model (9). Although this model served as a good 
descriptor of injuries, it was found to be overly 
complex and unreliable (10). To mitigate the issues 
with the AO model, the Spine Trauma Study Group 
(STSG) (11) devised the simpler Thoracolumbar 
Injury Classification and Severity score (TLICS) 
based around three important aspects :

  1.  Injury morphology
  2.  Posterior Ligamentous Complex (PLC) inte-
grity
  3.  Patient’s neurological status 

TLICS combines clinical examination, X-ray, 
CT and/or magnetic resonance imaging (MRI) to 
visualise injury morphology and to evaluate PLC 
integrity. 

The TLICS establishes an injury severity 
pathway to guide the decision-making process but 
its practicality has been questioned since it fails 
to consider the vitally important patient-specific 
modifiers in tailoring the management plan to 
individual patients (11,12). 

AO Spine Thoracolumbar Injury Classification 
System (ATLICS) is a newer classification system 
built upon the original AO system by Magerl (3,9). 
It strikes a balance between AO’s descriptive detail 

AO TLICS ATLICS
Pros - Detailed descriptions.

- Highly accurate. 
- Simple and easy to use.
- Accounts for neurological injury and PLC integrity.
- Severity ranked and treatment suggestions in-
dicated using TLICS.
- Validated for paediatric use.

- Balance : details vs simplicity. 
- 9 subcategories.
- Accounts for neurological injury, 
PLC integrity and patient-specific 
modifiers. 
- Severity ranked and more speci-
fic treatment options indicated, 
using TL AOSIS.

Cons - Too complex, 53 subcategories.
- Low intra-observer reliability. 
- Mechanism of injury based only 
on morphological classification.
- PLC integrity not fully assessed. 
- No indication of severity or treat-
ment suggestions. 

- Only 4 categories.
- Does not account for patient-specific modifiers.

- Lack of awareness/training. 
- Not validated for paediatric use.

Table I. — Comparison of the pros and cons of AO, TLICS, and ATLICS classifications
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and TLICS’ simpler objective focus on management 
plans [Table I]. ATLICS achieves this by dividing 
fractures into 3 types : A – compression injuries 
(subtypes : A0-4) ; B – tension band injuries 
(subtypes : B1-3) ; C – displacement injuries (no 
subtypes) [Table II]. ATLICS also grades fractures 
by their neurological status (subtypes : N0-4) and 
formally accounts for patient-specific modifying 
factors (subtypes : M1-2) [Table III]. This allows 
treatment algorithms to be more patient-tailored. 

Since most thoracolumbar fractures present as 
an emergency, it is important to use a precise but 
reliable classification system that is designed around 

the resources available in emergency departments. 
ATLICS uses CT as its choice investigative modality, 
which has good accessibility and sensitivity even for 
less experienced surgeons (13,14). It has the benefit 
over MRI for not over-diagnosing PLC injury (15). 
Additionally, ATLICS has better standardised use 
of additional variables, such as dislocation and 
increased interspinous distance, as highlighted 
by Barcelos et al. (13), which helps particularly to 
differentiate between Types A and B injuries. 

Spine surgeons are yet to universally agree on the 
use of a single classification system. Many studies 
have supported ATLICS as the most complete and 

Classification Type Description
A0 Minor/no injury

or process fracture
Clinically insignificant fracture of the spinous/transverse process

A1 Wedge compression
or impaction 

Single end-plate fracture, without posterior vertebral wall involvement

A2 Split or pincer-type Fracture line involves both endplates, but not the posterior vertebral wall
A3 Incomplete burst Fracture involves a single endplate with any involvement of posterior vertebral wall 
A4 Complete burst Fracture involves posterior vertebral wall and both endplates
B1 Posterior transosseous

disruption 
or ‘chance’ fracture 

Osseous failure of posterior tension band, extending into the vertebral body. Only affects 
a segment of motion

B2 Posterior tension band
or posterior ligamentous
disruption 

Disruption of the posterior tension band with/without osseous involvement. Can affect 
multiple vertebrae 

B3 Hyperextension injury
or anterior ligamentous 
disruption

Disruption of the anterior longitudinal ligament (anterior tension band), extending 
through the vertebral body/ intervertebral disc

C Displacement
or Translation injury 

Displacement beyond physiological range of the cranial and caudal parts of the spinal 
column in any plane: hyperextension, translation, separation

Table II. —AOSpine Thoracolumbar Injury Classification System

Source : Vaccaro, A.R., et al. (10)

Neurological status Description Detail
N0 Intact  
N1 Transient Deficit no longer present 
N2 Radiculopathy  
N3 Incomplete or cauda equina  
N4 Complete  
Case-specific modifiers    
M1 Indeterminate injury to tension band Seems stable from bony standpoint but operative stabilisation may 

be considered depending on PLC integrity
M2 Patients with a co-morbidity affecting 

the surgical decision 
E.g. ankylosing spondylitis, rheumatologic conditions, osteo-
porosis

Table III. — Neurological status and Case-Specific Modifiers according to ATLICS

Source : Vaccaro, A.R., et al. (10)
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were also limited exclusively to reliability among 
spine surgeons. This still leaves open the question 
about whether their findings are generalisable to 
clinicians from other disciplines (20). 

reliable, compared to previous classification systems 
(16-19). Two previous systematic reviews have 
been performed on the topic but failed to include 
reliability data from all available and relevant 
studies in their assessment (20,21). Previous reviews 

First author 
(year)

Number 
of cases 

Patient 
characteristics

Number of 
observers

Observer characteristics Consensus 

Azimi 
(2015)24

56 Type A: 41.9%
Type B: 28.4%
Type C: 29.7%

2 Spine surgeons ATLICS is reliable  

Barcelos 
(2016)13

43 Type A: 32.5%
Type B: 16.3%
Type C: 51.2%

3 Spine surgeons When CT was used as the only diagnos- 
tic tool, PLC injury was identified in most 
cases and demonstrated satisfactory reliabi- 
lity. 

Cheng 
(2017)25

109 Type A: x̄=75.2 
(75-75.4)
Type B: x̄=21.9 
(21.6-22.2)
Type C: x̄=2.9 
(2.8-3)

6 Orthopaedic surgeons
Subgroups (years of experience in 
spine trauma): 
  Subgroup A (2 years)
  Subgroup B (1 year) in China

ATLICS is applicable to everyday clinical 
practice

Kaul (2017)16 50 Type A: 39.45%
Type B: 24%
Type C: 36.55%

11 Spine surgeons from 4 counties 
(n=10 orthopaedic surgeons)

ATLICS has better reliability for identifying 
fracture morphology than TLICS

Kepler 
(2016)17

25 Type A: 53%.
Type B: 32.4%.
Type C: 13.4%

100 Surgeons (Africa, Europe, North 
America, South America)

ATLICS has moderate inter-observer reliabi-
lity, substantial intra-observer reliability and 
can be applied to trauma patients more reliably 
than previous classification systems

Pishnamaz 
(2018)18

91 - 7 Spine surgeons ATLICS reliability is superior to TLICS 

Lopes 
(2019)19

25 - 24 In Brazil
Specialist (n=6)
Resident (n=18)

ATLICS reliability is superior to AO Magerl 

Morgonskold
(2019)22

50 Age range 9-96yrs 5 Orthopaedics/Spine consultant (n=2)
Orthopaedics resident (n=1)
Emergency medicine resident (n=1)
Medical student (n=1) in Sweden 

Adaptation of ATLICS shows acceptable relia-
bility

Sadiqi
(2015)26

25 Type A: A0: 4%
Type B: 12%
Type C: 12% 

100 International group of spine surgeons 
new to the classification. Subgroups 
(years of experience):
Subgroup 1 (≤10 years): n = 30
Subgroup 2 (11-20 years): n = 44
Subgroup 3 (>20 years): n = 26

The surgeons’ level of experience does not 
significantly influence the intra-observer relia-
bility of ATLICS

Urrutia
(2015)27

70 Type A: 49.8%
Type B: 30%
Type C: 20.2% 

6 Spine surgeons:
n=3 trauma and orthopaedic residents
n=3 spine fellowship 

ATLICS has adequate intra-observer agreement 

Vaccaro
(2013)10

40 Type A: 54%
Type B: 24%
Type C: 22% 

9 Spine surgeons (n=9 fellowship-
trained)

ATLICS is clinically relevant and has 
reasonable reliability and accuracy.

Table IV. — Summary of sample articles

Yacoub
(2017)28

54 2 Spine surgeon (n=1)
Neurosurgery resident (n=1) 

ATLICS has good reliability as groups.
Subgroups demonstrated worse and varying 
reliability.
Group A can be treated conservatively or 
surgically.
Groups B and C are treated surgically.
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“ATLICS”, “thoracolumbar”, “thoracic”, “lumbar”, 
“spine”, “spinal”, “vertebra*”, “fracture”, “break*”, 
“damage”, “injury”, “trauma”, “classification”, 
“score”, “scoring”, “system”, “reliability”.

Inclusion criteria

  ●  English language 
  ●  Peer reviewed 
  ●  Publications dating 2013 to 2019 
  ●  Thoracolumbar spine injuries only 

Exclusion criteria

  ●  Non-english language 
  ●  Grey literature 
  ●  Self-reported outcomes
  ●  Letters/Editorials 
  ●  Publication dating prior to 2013 (ATLCS was 
published in 2013) 
  ●  Cervical spine injuries
  ●  Sacral spine injuries
  ●  Non-traumatic fractures (e.g. pathological, 
osteoporotic)

The literature search yielded 235 unique articles. 
Initial abstract review identified 62 articles, with 
30 eligible for full-text review. From these, 12 
articles were selected for inclusion in the systematic 
review [Table IV] using the Critical Appraisal 
Skills Programme (CASP) quality assessment 
tool (29) [Figure 1]. There was only one study on 
neurological classification (16). The search yielded 
no literature on the reliability of patient-specific 
modifiers (M1/M2).

RESULTS

The reliability of a classification assesses how 
consistently similar injuries are classified into a 
given severity group by the same surgeon (intra-
observer) or different surgeons (inter-observer). 

This study reviewed the data from twelve 
publications [Table V], where overall intra- and/
or inter-observer reliability was yielded by eight 
studies (10,16-19,25-27), overall reliability without 
subtypes by eight studies (10,13,16-19,26,27), reliabi-
lity according to type by ten studies (10,13,16-
18,22,24,25,27,28), and reliability of subtypes by five 
studies (10,17,25,27,28). 

Therefore, this systematic review aims to 
provide an up-to-date evaluation of the literature by 
assessing three further studies (18,19,22) not analysed 
in previous reviews. In doing so, this is the first 
systematic review to include the reliability among 
non-spine subspecialty professionals ; something 
that is important in validating the classification 
as an inter-disciplinary communication tool. Also 
detailed in this review is the wide variety between 
reliability across studies, particularly with regard to 
sub-type classification, documenting findings that 
have not been previously published.

The final goal of this up-to-date and accurate 
analysis of the ATLICS is to comment on its 
characteristics and whether it should be adopted by 
the spinal community, taking into account aspects 
that could be further improved. 

MATERIALS AND METHODS

This systematic review was conducted using 
PubMed, EBESCO, Cochrane, and Web of Science 
databases between October 2018 and December 
2019 following the PRISMA guidelines (23) [Figure 
1]. The literature search strategy involved combining 
keywords and their expansions with the Boolean 
and Proximity search strategies : “AO”, “AOSpine” 
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were excluded and out of those, five (10,17-19,27) 
found that this improved reliability in all studies to 
substantial or better. 

Ten studies (10,13,16-18,22,24,25,27,28) reported 
inter-observer reliability for Types A, B and C. Type 
A ‘compression’ injuries had substantial or better 
reliability in nine of them (10,13,16-18,22,24,27,28). 
Type B ‘tension band injuries’ had varied reliability 
throughout all studies with an average k-value of 
0.56 (range : 0.22-0.86). Type C “displacement 
injuries” had substantial or better reliability in nine 
(10,13,16-18,22,24,27,28) out of ten studies with the 
other reported study25 still moderate (k=0.552). 

Five studies (10,17,25,27,28) reported inter-observer 
reliability by subtypes. Results showed almost 
perfect reliability of A0 injuries except Yacoub 
et al. (28) (k=0.60) but varied considerably from 
slight to substantial between studies for A1 and A4 
compression injuries. Results for A2 and A3 were 
comparatively more consistent, averaging moderate 
reliability. Significant variation in reliability was 
seen in B subtypes [Table VII] – particularly B3 
ranging from slight to almost perfect across studies. 
Type C is not divided into subgroups in ATLICS ;  
therefore, no data was collected.

All studies reported reliability using Kappa 
coefficient (k) and interpreted them according to 
Landis and Koch (30) [Table VI].

The three additional studies included in this 
systematic review are, Lopes et al. (18), Pishnamaz 
et al. (19), and Morgonskold et al. (22). Importantly, 
the latter (22) uses emergency medicine clinicians 
and medical students as observers and a mixed adult 
and paediatric (age range : 9-96) subject cohort in 
their dataset.

Overall inter-observer reliability was reported 
in seven studies (10,20,16-19,27), of which six (10,16-
19,27) showed moderate to substantial reliability 
and one (20) fair reliability. Seven studies (10,13,16-
19,27) found inter-observer reliability when subtypes 

Each study is represented by the First Author (year). For each study reliability data is presented as kappa values in the format : 
interobserver reliability/intraobserver reliability.
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Table V. Summary of reliability data  
 

 
Each study is represented by the First Author (year). For each study reliability data is presented 

as kappa values in the format: interobserver reliability/intraobserver reliability. 

Table V. — Summary of reliability data

Kappa value range, k Agreement
0.0 - 0.2 Slight

0.21 - 0.40 Fair
0.41 - 0.60 Moderate
0.61 - 0.80 Substantial
0.81 - 1.00 Almost perfect

Table VI. — Landis and Koch (30) interpretation of kappa values
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Overall intra-observer reliability was reported in 
seven studies (10,16-19,26,27), of which six studies 
(10,16-18,26,27) presented substantial reliability. Ex-
cluding subtypes, reliability improved in all studies, 
with four studies (10,17,18,26) achieving almost 
perfect agreement. Seven studies (10,17,18,22,24,25,28) 
reported intra-observer reliability for Types A and 
B, showing moderate to almost perfect agreement. 
Five studies (18,22,24,25,28) reported intra-observer 
reliability for Type C, of which three were almost 
perfect. [Table VII]. Only Cheng et al. (25) studied 
intra-observer reliability by subtypes. A0 was 
the only subtype to yield substantial reliability. 
Moderate reliability was found for A1, A2, A4 
compression and B1 tension band injuries ; A3 and 
B3 had fair reliability ;  and for B2 the reliability 
was only slight.

Only Kaul et al. (16) assessed for reliability of the 
neurological classification, reporting almost perfect 
agreement. 

DISCUSSION

This study explores the reliability of ATLICS, 
demonstrating overall substantial reliability, parti-
cularly when subtypes were disregarded. Through 
considering morphology of fracture, PLC integrity, 
neurological injury and case modifiers [Table I, 
II], ATLICS is undoubtedly the product of many 
evolutionary steps since the early classification 
systems. Nevertheless, its assessment in the lite-
rature varies, with some experts (16) claiming 
ATLICS as the most reliable classification that 
currently exists, while others (21) suggest that TLICS 
demonstrates comparatively better reliability based 
on kappa values alone. 

This study finds that ATLICS has much variation 
between studies concerning the inter-observer 
reliability when classifying Type B thoracolumbar 
injuries and subtypes A1 and B3. It is therefore 
difficult to conclude the level of reliability of 
ATLICS for those groups.  Furthermore, ATLICS is 
found to be least reliable on average in classifying 
A4 injuries (k≈0.3604). Nevertheless, this study 
confirms substantial overall inter-observer reliabi-
lity in classifying Types A and C injuries. In 
addition, as A2 and A3 subtypes mostly score 

Subgroup Points

Morphological subgroup
A0 0
A1 1
A2 2
A3 3
A4 5
B1 5
B2 6
B3 7
C 8
Neurological subgroup  
N0 0
N1 1
N2 2
N3 4
N4 4
Nx 3
Case-specific modifier subgroup  
M1 1
M2 0

Table VII. — Points allocated to subgroups

Source : Kepler, C.K., et al. (31)

TL AOSIS Score Recommended Intervention 
≤ 3 Conservative 
>5 Surgery

Table VIII. — Surgical algorithm for TL AOSIS

Source : Vaccaro, A.R., et al. (32)

Parameter Points
Mechanism 
Compression 1
Burst 1
Translational/rotational 3
Distraction 4
Neurological status
Intact 0
Nerve root injury 2
Spinal cord/conus medullaris injury
Complete 2
Incomplete 3
Cauda equina 3
Posterior ligamentous complex
Intact 0
Indeterminate 2
Disrupted 3

Table IX. — Thoracolumbar Injury Classification and
Severity score (TLICS)

Source : Vaccaro, A.R., et al. (11)
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fore, future research in these areas might be 
needed. 

One of the studies analysed included paediatric 
thoracolumbar injuries (22) (<19yrs old), presenting 
an inter- and intra-observer reliability in line with 
the rest of the adult studies assessed. However, 
the number of its paediatric cohort was unknown. 
Considering the biological aspects of bone 
metabolism and healing timing in the paediatric 
population, further studies are recommended to 
better assess the reliability of ATLICS in paediatric 
thoracolumbar injuries.

CONCLUSION 

This systematic review provides an up-to-date 
assessment of the current literature on ATLICS, 
including three further studies not evaluated pre-
viously. Furthermore, the inter-specialty reliability 
among non-spine specialists was analysed, repre-
senting a novel approach and an additional validation 
step compared to previous studies. An efficient inter-
specialty communication, in the context of the daily 
challenges of an acute and emergency department, 
should represent the ultimate pragmatic target of 
every classification system.  

This systematic review concludes that the ATLICS 
is reliable for the majority of the thoracolumbar 
injuries and is clinically more useful compared to 
previous classification systems and severity scores. 
However, more input is needed for the application 
of the ATLICS in a paediatric context. Furthermore, 
this review has highlighted an important inter-
observer reliability variation between studies, 
particularly of Type B and subtypes A1 and B3, 
documenting findings not previously published. 
The important subtype-variability noticed suggests 
that further research is needed 1) to determine the 
reliability of subtypes that showed a large inter-
observer disparity between studies 2) to assess the 
needs of users in order to increase familiarity with 
the ATLICS 3) the possible necessity to include 
more subtype-specific criteria into the system.
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