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Abstract

Purpose The aim of this multicentre study was to deter-
mine whether the recently introduced AOSpine Classifi-
cation and Injury Severity System has better interrater and
intrarater reliability than the already existing Thora-
columbar Injury Classification and Severity Score (TLICS)
for thoracolumbar spine injuries.

Methods Clinical and radiological data of 50 consecutive
patients admitted at a single centre with a diagnosis of an
acute traumatic thoracolumbar spine injury were
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distributed to eleven attending spine surgeons from six
different institutions in the form of PowerPoint presenta-
tion, who classified them according to both classifications.
After time span of 6 weeks, cases were randomly rear-
ranged and sent again to same surgeons for re-classifica-
tion. Interobserver and intraobserver reliability for each
component of TLICS and new AOSpine classification were
evaluated using Fleiss Kappa coefficient (k value) and
Spearman rank order correlation.

Results Moderate interrater and intrarater reliability was
seen for grading fracture type and integrity of posterior
ligamentous complex (Fracture type: k = 0.43 + 0.01 and
0.59 £ 0.16, respectively, PLC: k=047 £ 0.01 and
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0.55 £ 0.15, respectively), and fair to moderate reliability
(k =0.29 £ 0.01 interobserver and 0.44+/0.10 intraob-
server, respectively) for total score according to TLICS.
Moderate interrater (k = 0.59 £ 0.01) and substantial
intrarater reliability (k = 0.68 £ 0.13) was seen for grad-
ing fracture type regardless of subtype according to
AOSpine classification. Near perfect interrater and
intrarater agreement was seen concerning neurological
status for both the classification systems.

Conclusions Recently proposed AOSpine -classification
has better reliability for identifying fracture morphology
than the existing TLICS. Additional studies are clearly
necessary concerning the application of these classification
systems across multiple physicians at different level of
training and trauma centers to evaluate not only their
reliability and reproducibility, but also the other attributes,
especially the clinical significance of a good classification
system.

Keywords AOSpine Thoracolumbar Spine Injury
Classification System - TLICS - Reliability -
Thoracolumbar spine injuries

Introduction

Classification systems are helpful to identify common
attributes within a group to predict the behavior or outcome
without sacrificing too much detail, being clinically rele-
vant, reliable, and accurate [1]. An ideal spine injury
classification is expected to provide details regarding injury
severity, its pathogenesis, and causative biomechanical
forces involved, in addition to clinical, neurological, and
radiographical characteristics of the injury [2]. Following
Bohler, who was the first to introduce a classification for
thoracolumbar fractures, numerous other classifications
have been proposed but there is still a lack of universal
acceptance with regard to any of them [3, 4]. Among
various existing classification systems for thoracolumbar
spine injuries, only few have been assessed for reliability,
reproducibility or clinical validity [5].

The three column model based Denis classification did
not account for all fracture types or the neurological status
of the patient and lacked predictive value to aid treatment
decisions [4]. According to Denis, instability is present if
two of the three columns are disrupted for which operative
stabilization may be necessary [6]. However, studies have
shown that nonoperative treatment of two column injuries
may achieve a satisfactory outcome [7, 8]. The AO-Magerl
classification was more inclusive by identifying a wide
array of fractures including more than 50 subtypes using
the 3-3-3 AO principle leading to its complexity, limiting
its incorporation into routine clinical practice [4, 9]. In

addition it also does not account for neurological status, a
critical determinant for surgical decision making
[4, 10, 11].

In 2005 Spine Trauma Study Group (STSG) introduced
Thoracolumbar Injury Severity Score (TLISS) which was
based on three major injury characteristics: (1) the mech-
anism of injury, (2) the integrity of the posterior liga-
mentous complex, and (3) the patient’s neurological status
[12]. Although as a whole it had an excellent construct
validity, interobserver agreement for injury mechanism
was only fair (k = 0.33) [13-15]. This led to the intro-
duction of TLICS in which fracture mechanism was
replaced by description of morphological injury [16].
Various authors have pointed out some inherent limitations
even in the TLICS classification system [4, 11, 17, 18, 19].
AOSpine Knowledge Forum SCI and Trauma introduced
the AOSpine Classification for traumatic fractures of the
Thoracolumbar Spine in year 2013 and demonstrated
substantial reliability for this newly proposed classification
system [11]. Recent studies by authors other than those
who have proposed it have also shown adequate agreement
on classifying thoracolumbar spine injuries using this
recently proposed classification system [20, 21].

To clarify the efficacy of a proposed classification sys-
tem, a direct comparison with other already existing clas-
sification systems is required [4]. This current study
evaluated the new AOSpine Classification and Injury
Severity System introduced by the AO Spine Knowledge
Forum, comparing its reliability to the already existing
TLICS for thoracolumbar spine injuries. To the best of our
knowledge no study has yet been published in the litera-
ture, which has assessed the reliability of the two together.

Materials and methods

The Institutional Research Review and Ethics committees
of Indian Spinal Injuries Centre (ISIC) approved the pro-
tocol for the study and gave permission to review clinical
charts as well as obtain images. For designing the study,
literature survey was undertaken and advice from a statis-
tical expert was sought to determine appropriate number of
assessors and sample size. All the 11 participating Spine
surgeons, including ten orthopedic surgeons and one neu-
rosurgeon from six different institutions from four different
countries (USA, Germany, India and Bangladesh), were
sent appropriate published study materials with regard to
both the classifications being evaluated in the study (Suppl.
1). Clinical and radiological data of 50 consecutive patients
admitted at ISIC with a diagnosis of a traumatic thora-
columbar spine injury were distributed to the eleven spine
surgeons in form of PowerPoint presentation. Pathological
fractures due to infection, neoplasia and osteoporotic
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fractures of spine without associated trauma were excluded
from study. Patient related data included age, gender, mode
of trauma, fracture level, associated injuries and neuro-
logical status. The neurological status included motor
power, sensory function, perianal sensation and voluntary
anal contraction assessed as per International standards for
neurological classification of spinal cord injury [22].
Radiographic images consisting of plain films, computer-
ized tomography (CT), and magnetic resonance imaging
(MRI) were also provided. In case of multiple level spine
injuries, more severe injury was considered for assessment
by the author who chose the cases, to ascertain that all the
evaluators involved in the study were grading the same
lesion (Suppl. 2). With regard to Type B and Type C
injuries according to new AOSpine classification, concur-
rent Type A or Type B at the same level were not included
in the analysis. The additional modifiers M1 for fractures
with an indeterminate injury to posterior tension band and
M2 to designate a patient specific co-morbidity having an
impact on surgical decision making, according to new
AOSpine classification were not evaluated. A scannable
sheet was provided to each participant, in which data
regarding various components of AOSpine classification
and TLICS were to be noted (Suppl. 3). After a time lapse
of 6 weeks, cases were randomly rearranged to prevent
recall bias and sent back to the same spine surgeons for
reevaluation in form of PowerPoint presentation. All the
final scoring sheets were then collected and submitted to an
independent statistician analysis. Data obtained from the
first round were analyzed to determine the interobserver
agreement, whereas second round data analysis determined
the intraobserver agreement. Interobserver and intraob-
server reliability for each component of TLICS and new
AOSpine classification were evaluated using Fleiss Kappa
coefficient (k value) and Spearman rank order correlation.
Statistical distinction of the Kappa values was done
according to the Landis and Koch criteria [23] (Table 1).

Results
For TLICS, 44 % (242 of the 550) classifications were

described as compression injuries (included both com-
pression and burst fractures), 30 % (165) as distraction

Table 1 Interpretation of

Kappa K value Agreement
>0.80 Near perfect
0.61-0.80 Substantial
0.41-0.60 Moderate
0.21-0.40 Fair
0.00-0.20 Slight

@ Springer

injuries and 26 % (143) as translational/rotation injuries. In
11 of 50 cases (22 %), evaluators classified fracture mor-
phology unanimously according to TLICS and all of these
were compression injuries. The interrater reliability for
TLICS showed moderate agreement for determining frac-
ture morphology and posterior ligamentous complex status
(PLC) (k= 0.43 + 0.01 and 0.47 &+ 0.01 respectively),
near perfect agreement for the neurological status
(k = 0.85 £ 0.01) and fair agreement for the sum of the
total score (k = 0.29 % 0.01). For the fracture morphology
highest interobserver reliability was seen for compression
injuries including both compression fractures and burst
fractures (k = 0.55 and 0.60, respectively), then for
translation or rotation injuries (k = 0.36) and least for
distraction injuries (k = 0.28). Interrater reliability using
the Spearman correlation was 0.57 &+ 0.13 for fracture
morphology, 0.68 £ 0.11 for PLC status, 0.86 £ 0.09 for
neurological status and 0.69 + 0.07 for total score
(Table 2). Moderate intrarater reliability was noted for
fracture morphology and PLC status (k = 0.59 &£ 0.16 and
0.55 £ 0.15, respectively), near perfect agreement for the
neurological status (k= 0.90 £ 0.12) and moderate
agreement for the sum of the total score (k = 0.44 +/0.10).
Intrarater reliability using the Spearman correlation was
0.69 £ 0.12 for fracture morphology, 0.77 £ 0.07 for PLC
status, 0.88 £ (.13 for neurological status and 0.79 £ 0.08
for total score (Table 3).

About 39.45 % (217 of the 550) AOSpine classifications
were noted as type A, 36.55 % (201) as type C and 24 %
(132) as type B injuries. In 16 of 50 cases (32 %) surgeons
classified fracture morphology unanimously which inclu-
ded 8 type A, 1 type B and 7 type C injuries. The overall
interrater agreement on grading fracture type and subtypes
was moderate (k = 0.59 %+ 0.01 and 0.45 £ 0.01, respec-
tively), and near perfect for neurological injury
(k = 0.85 £ 0.01). Among the main fracture types sub-
stantial interobserver reliability was seen for type A and
type C (k = 0.64 and 0.71, respectively), and moderate for
type B injuries (k = 0.40). Interrater reliability using the

Table 2 Interrater statistics for TLICS

k value Spearman p value

Fracture morphology 0.43+ 0.57 <0.05
SE 0.01 0.13

PLC status 0.47 0.68 <0.05
SE 0.01 0.11

Neurological involvement 0.85 0.86 <0.05
SE 0.01 0.09

Total score 0.29 0.69 <0.05
SE 0.01 0.07

SE standard error
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Table 3 Intrarater statistics for TLICS

k value Spearman p value

Fracture morphology 0.59 0.69 <0.05
SE 0.16 0.12

PLC status 0.55 0.77 <0.05
SE 0.15 0.07

Neurological involvement 0.90 0.88 <0.05
SE 0.12 0.13

Total score 0.44 0.79 <0.05
SE 0.10 0.08

SE standard error

Table 4 Interrater statistics for AOSpine Classification and Injury
Severity System

k value Spearman p value

Fracture type (overall value 059+ 0.75 <0.05
irrespective of fracture subtype)
SE 0.01 0.07

Neurological involvement 0.85 0.88 <0.05
SE 0.01 0.08

SE standard error

Table 5 Intrarater statistics for AOSpine Classification and Injury
Severity System

k value Spearman p value
Fracture type (overall value 0.68 0.78 <0.05
irrespective of fracture subtype)
SE 0.13 0.08
Neurological involvement 0.91 0.93 <0.05
SE 0.08 0.07

SE standard error

Spearman correlation was 0.75 £ 0.13 for fracture type
and 0.88 £ 0.08 for neurological injury (Table 4). Sub-
stantial intrarater agreement was noted for fracture type
without and with regard to subtype (k = 0.68 £ 0.13 and
0.61 + 0.13, respectively), and near perfect for neurolog-
ical injury (k = 0.91 & 0.08). Intrarater reliability using
the Spearman correlation was 0.78 £ 0.08 for fracture type
and 0.93 £ 0.07 for neurological injury (Table 5).

Discussion

The desired objectives of a good spinal injury classification
system have been well described in the literature [2]. A
good classification system should be straightforward, easy
to use for all concerned and practically implementable in

day-to-day practice. In addition, it should be replicable,
that is, have a good interobserver and intraobserver relia-
bility, it should be able to predict natural history, provide
tool for future studies, take into consideration patterns of
neurological injury as well as grade its severity and
appropriately guide choice of treatment [1]. A survey
conducted amongst members of International Spinal Cord
Society’s Spine Trauma Study Group members and other
spine surgeons brought out that none of the classification
systems meet the desired objectives appropriately and
hence there is a need for developing newer ones [24].

There are no clear cut published guidelines in the
existing literature regarding the development of a spine
injury classification, and most of the past efforts have been
based on expert opinion [1]. There exists a delicate balance
between simplicity and inclusiveness of a classification
system. In general, if the classification system is made
exceeding simple, it often leads to loss of information. If
the system is all inclusive, it becomes cumbersome to use
and its reproducibility is markedly affected [25].

TLICS was introduced to overcome the limitations of
the previous existing classification systems [4]. It has also
faced criticisms in the recent literature [4, 17]. One of the
concerns is relatively poor reliability and reproducibility of
evaluating the posterior ligament complex (PLC) status
based on MRI [26]. There exists scant clinical evidence to
demonstrate true prognostic value of detected PLC injuries
in patients with thoracolumbar spine injuries [27]. It has
also not yet been proven whether MRI has any additional
role for decision making regarding treatment in spinal
injury patients without neurological deficit [28]. Due to
these existing controversies, recommended use of disco-
ligamentous characteristics in spinal injury classifications
has been recently questioned [1]. The total injury scores
which are supposed to guide the treatment may be culture
or region specific decisions and may not reflect global
surgical preferences or the most rational approach to
treatment, thus preventing its worldwide acceptance [11].
In the endeavor to strive towards a better classification
system overcoming the limitations of pre existing ones, the
AOSpine Thoracolumbar Spine Injury Classification Sys-
tem was introduced [11]. To overcome the lacunae, Vac-
caro et al. have proposed a data driven surgical algorithm
as a result of worldwide survey concerning the treatment of
thoracolumbar spine injuries, based on the recently pro-
posed thoracolumbar AOSpine injury score. The authors
have expressed their optimism concerning this new algo-
rithm for its potential to become the new standard for
research, teaching, and clinical decision making for tho-
racolumbar spine injuries. However, they believe that fur-
ther prospective clinical studies are necessary to validate
this algorithm and to assess its outcome [29].
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This study compared the reliability of this newly
developed AOSpine Thoracolumbar Spine Injury Classifi-
cation system with that of TLICS. There exists paucity of
multicentre studies evaluating the reliability of TLICS
across geographic boundaries [4]. Our study results
revealed moderate interobserver and intraobserver relia-
bility with regard to diagnosing posterior ligamentous
complex injury according to TLICS. With regard to clas-
sifying fracture morphology according to TLICS, majority
of studies mentioned in the existing literature have shown
substantial agreement [30-32]. However, in our study only
moderate interobserver and intraobserver reliability
(k=043 £0.01 and 0.59 £ 0.16, respectively) was
observed for classifying fracture type. The possible reason
explaining this discrepancy may be because majority of
surgeons involved with prior studies mentioned in the lit-
erature were those who were involved in the creation of
these classification systems or most of them were being
carried out in a single geographic region [30-32]. It may be
the reflection of the disconnection between the “devel-
oper” and “evaluator” which prevents a classification
system from adapting, expanding, and evolving beyond its
original form [5].

The previous AO-Magerl classification though inclusive
was complex and did not account for neurological status
resulting in its limited use in routine clinical practice [4].
Blauth et al. reported fair interobserver reliability for the
three main AO-Magerl categories (k = 0.33), which fur-
ther decreased on inclusion of the subgroups [33]. Simi-
larly Oner et al. also showed fair interobserver reliability
(k=0.35) and moderate intraobserver reliability
(k = 0.41) in their study on assessment of reliability for
AO-Magerl classification [34]. Kriek and Govender
reported fair interobserver reliability in the first session
(k=0.291) and moderate during second session
(k =0.403) for the three main AO-Magerl categories.
Intraobserver reliability values ranged from k = 0.181 to
0.488 in their study [35]. Wood et al. evaluating AO-
Magerl classification system at its simplest level (type A, B
or C), demonstrated moderate interobserver reliability
(k =0.475) and substantial intraobserver reliability
(k = 0.63) [25]. In comparison to prior studies regarding
reliability of AO-Magerl classification, our interrater and
intrarater reliability (k = 0.59 = 0.01 and 0.68 £+ 0.13
respectively) is better with regard to fracture classification
using the recently introduced AOSpine classification. This
new classification has been developed taking measures to
overcome the lacunae which existed with prior AO-Magerl
classification. Thus even though it is comprehensive, it is
simple as shown by better reliability results in our study. It
also includes clinical factors relevant for surgical decision
making, like assessment of neurological status and patient
specific co morbidities [11].

@ Springer

The authors of the newly proposed AOSpine classifi-
cation demonstrated substantial interobserver and intraob-
server reliability for evaluating fracture type (interobserver
k value = 0.64 and 0.72, intraobserver k value = 0.77 and
0.85 with and without regard fracture subtype respectively)
in their study [11]. Urrutia et al. in their independent reli-
ability study with regard to AOSpine classification
demonstrated moderate interobserver reliability
(k value = 0.57) according to fracture subtype, substantial
without fracture subtype (k value = 0.62), and substantial
intraobserver reliability (k value = 0.71 and 0.77, with and
without fracture subtype respectively) [20]. Kepler et al.
assessed the reliability of the AOSpine classification
among a worldwide group of spinal surgeons. Similar to
results of Urrutia et al. study, they demonstrated moderate
interobserver reliability (k value = 0.56) according to
fracture subtype and substantial without fracture subtype
(k =0.76), and substantial intraobserver reliability
(k value = 0.68 and 0.81, with and without fracture sub-
type respectively) [21]. In the present study our results
show a moderate interobserver reliability with and without
fracture subtype (k value = 0.45 £ 0.01 and 0.59 £ 0.01,
respectively) and substantial intraobserver reliability
(k value = 0.61 £ 0.13 and 0.68 4 0.13, with and without
fracture subtype respectively). In the existing literature it
has been shown that reliability coefficients (kappa value) of
independent studies have been lower than those performed
by the original group who has proposed it, similar to results
in the present study [20].

According to TLICS three types of fracture pattern have
been described: (1) Compression injuries, (2) translation/
rotation injuries, and (3) distraction injuries [14]. These are
similar to three main fracture types as mentioned by pre-
vious AO-Magerl classification (type A, B and C) [9]. The
compression injury pattern (type A) according to new
AOSpine classification is similar to that mentioned
according to TLICS or main type A of previous AO-
Magerl. An exception is the “A0” type in the new AOS-
pine classification, representing no vertebral fracture or
insignificant transverse process or spinous process fractures
[9, 11]. The lack of involvement of posterior structures
clearly differentiates them from other injury patterns. This
was evident by reasonable kappa agreement values for
compression injuries according to both TLICS and new
AOSpine classification in our study. Least interobserver
agreement was seen for distraction injuries according to
TLICS (k = 0.28), similarly for type B (distraction) inju-
ries according to new AOSpine classification (k = 0.40).
Significant difference was seen between interobserver
kappa values for grading type C injuries according to new
AOSpine classification (k = 0.71) and translation/rota-
tional injuries according to TLICS (k = 0.36), similar to
main type C injuries according to previous AO-Magerl
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classification. Similarly overall interobserver and intraob-
server agreement for grading fracture type regardless of
subtype using new AOSpine classification were better than
that using TLICS. Both interobserver and intraobserver
Spearman correlation statistics with regard to grading of
fracture type were higher for the AOSpine classification
than TLICS. Also on classifying fracture morphology
unanimously according to both classification systems,
better agreement was seen with AOSpine classification (32
vs. 22 %). These differences may reflect the changes
brought about in new AOSpine classification which has
made it simpler and comprehensive with better repro-
ducibility in comparison to TLICS morphology compo-
nent, which was similar to previous AO-Magerl
classification. To further substantiate this view regarding
AOSpine classification, Sadiqi et al. in their recent inter-
national validation study involving 100 spine surgeons
demonstrated that the experience level of spine surgeons
did not substantially influence the classification and
intraobserver reliability concerning newly introduced
AOSpine classification for thoracolumbar spine injuries
[36]. With regard to evaluating agreement between sur-
geons for assessment of neurological status, near perfect
agreement was seen using both the classification systems.

Reliability and reproducibility of fracture morphology
forms the backbone of any classification system [11]. Our
study data demonstrate that the newly proposed AOSpine
classification has better reliability for identifying fracture
morphology than the existing TLICS. The previous AO-
Magerl and TLICS classifications had an element of bias
with regard to their selective adoption by surgeons in the
regions where they have been developed (Europe for AO-
Magerl system and North America for TLICS), although
neither of them gained a worldwide acceptance [20].
Highlights of our study were that majority of surgeons
involved with the present study were not the members of
STSG or AOSpine Knowledge forum, who have proposed
the classification systems being reviewed in the present
study thus minimizing any bias. Although quite a few of
them belonged to the Spine Trauma Study Group of
International Spinal Cord Society (ISCoS), it was a mul-
ticentre study involving a representation of surgeons from
India, USA, Germany and Bangladesh (Table 6) ensuring a
more authentic reliability assessment regardless of locale
and minimizing any bias as discussed above.

Table 6 Demographics of

participant respondents Region Number
India 7
USA 2
Germany 1
Bangladesh 1

We do recognize limitations in the study. Fifty consec-
utive cases were selected retrospectively and their repre-
sentative images provided to assessors in power point
format, which may have limited the accuracy in image
interpretation. Since case series selection was done as 50
consecutive cases rather than random selection less severe
grades of injuries may have predominated on the basis of
incidence, thus having an impact on the reliability analysis.

In conclusion the present multicentre study, being the
first in the existing literature to the best of our knowledge
comparing reliability of recently proposed AOSpine clas-
sification and existing TLICS for thoracolumbar injuries,
showed better reliability of the new AOSpine classification
for identifying the fracture morphology. Additional studies
are clearly necessary concerning the application of these
classification systems across multiple physicians at differ-
ent level of training and trauma centers to evaluate not only
their reliability and reproducibility, but also the other
attributes of a good classification system. Even though
newer classification systems have come out which sup-
posedly have improvement over the previous ones, the
endeavor to improve to strive for an ideal one is likely to
continue.
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