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Abstract

Purpose This project describes a morphology-based
subaxial cervical spine traumatic injury classification sys-
tem. Using the same approach as the thoracolumbar sys-
tem, the goal was to develop a comprehensive yet simple
classification system with high intra- and interobserver
reliability to be used for clinical and research purposes.
Methods A subaxial cervical spine injury classification
system was developed using a consensus process among
clinical experts. All investigators were required to suc-
cessfully grade 10 cases to demonstrate comprehension of
the system before grading 30 additional cases on two oc-
casions, 1 month apart. Kappa coefficients (x) were cal-
culated for intraobserver and interobserver reliability.
Results The classification system is based on three injury
morphology types similar to the TL system: compression
injuries (A), tension band injuries (B), and translational
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injuries (C), with additional descriptions for facet injuries,
as well as patient-specific modifiers and neurologic status.
Intraobserver and interobserver reliability was substantial
for all injury subtypes (x = 0.75 and 0.64, respectively).
Conclusions The AOSpine subaxial cervical spine injury
classification system demonstrated substantial reliability in
this initial assessment, and could be a valuable tool for
communication, patient care and for research purposes.
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Introduction

Injury classification is important for communication be-
tween providers, patient care as well as for research pur-
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poses. Ideally, classification systems should be simple,
reproducible, and highlight the injury characteristics that
are relevant for patient care. Classification systems can be
useful to accurately and efficiently characterize an injury,
which is essential for the transfer of information between
caregivers, especially for injuries involving the spine where
inaccuracies could lead to devastating outcomes. Numer-
ous classification systems have been developed over the
years [1-6], with varying degrees of reliability, accuracy,
and clinical relevance. At this time no subaxial cervical
spine fracture classification system has been widely ac-
cepted by the world community [7]. Moreover, because of
the wide spectrum of injuries in the subaxial cervical spine,
it is difficult to create a comprehensive classification sys-
tem that is not cumbersome.

Historical classification systems have been based on the
purported mechanism of injury. In an attempt to avoid the
overly descriptive terminology used frequently in historical
systems, injury morphology was used as the basis for re-
cent algorithm-based systems instead of mechanism of
injury. The Spine Trauma Study Group proposed a system
(known as the SLIC) based on three main categories: injury
morphology, disco-ligamentous complex integrity, and
neurologic status [8]. Each injury category was assigned a
score, and treatment options were suggested based upon
these values. While reliability compared favorably to the
Harris and Ferguson & Allen systems, users continued to
have difficulty agreeing on injury morphology. With the
previous morphologic disagreements in mind, the AOSpine
Knowledge forum, a group of international academic sur-
geons with special interest in spinal trauma, has attempted
to develop and validate a user friendly classification system
for subaxial cervical spine injuries [9, 10].

The purpose of this project is to describe this new
morphology-based subaxial cervical spine traumatic injury
classification system. Similar to the effort put towards the
thoracolumbar system [11], the goal was to develop a
comprehensive yet simple classification system with high
intra- and interobserver reliability to be used for clinical
and research purposes.

Materials and methods

The AOSpine Classification group has systematically
assessed and revised multiple drafts of the subaxial cervical
spine classification system using an AO database of spinal
trauma cases with CT scans saved as DICOM images to
develop a simple, cohesive classification system based on
morphology according to the validation concept of Audigé
et al. [12]. Multiple sessions were needed to evaluate and
refine the reliability and accuracy of the system, and
identify areas of disagreement. The system was considered
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complete only when unanimous consensus within the
classification group was achieved.

Validation process

All reviewers for the validation of this system were sent a
paper, which overviewed the background and purpose of
the system, and described the system with illustrations in a
powerpoint presentation. The reviewers then used the
system to grade 10 cases to prove competency as compared
to a gold standard established by two of the senior authors.
The cases selected represent a selection of subaxial cervical
spine injuries across all grades of morphology, facet injury,
and patient-specific modifiers. The neurological status was
described with each case as well. Two authors then re-
viewed the responses for each of the 10 cases, and returned
cases with incorrect responses to the investigators with an
explanation, and the cases were then resubmitted for repeat
grading. Once the authors confirmed that an individual
reviewer had a thorough understanding of the system by
correctly classifying the 10 cases, 30 additional cases were
sent for evaluation on two separate occasions, 1 month
apart. Each case had all pertinent CT images, and if the
members of the knowledge forum felt that additional in-
formation could be gained from MR imaging, this was
provided as well.

Statistical analysis

Kappa coefficient (k) was utilized to assess the reliability
of the classification system among different observers
(interobserver agreement) and the reproducibility for the
same observer on separate occasions (intraobserver repro-
ducibility). The coefficients were interpreted using the
Landis and Koch grading system [13], which defines k of
less than 0.2 as slight agreement or reproducibility, be-
tween 0.2 and 0.4 as fair agreement or reproducibility,
between 0.4 and 0.6 as moderate agreement or repro-
ducibility, between 0.6 and 0.8 as substantial reliability or
reproducibility, and more than 0.8 as excellent reliability or
reproducibility. Kappa coefficients were calculated for the
most severe injury type (i.e., A, B or C), subtype (e.g., A0,
Al, A2, A3 or A4), and facet injury (F1, F2, F3, or F4).
Fractures categorized by at least one assessor as an A-type
fracture or as a B-type fracture were included in a subgroup
analysis for intrarater reproducibility of subtypes for A-
and B-type injuries.

Classification system overview
The classification system describes injuries based on four

criteria: (1) morphology of the injury, (2) facet injury, (3)
neurologic status, and (4) any case-specific modifiers. Each
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criterion is described below. Injuries are described by their
level, followed by the morphologic type of the primary
injury. The secondary injuries and modifiers are placed in
parentheses (facet injury, neurologic status, and case-
specific modifiers).

(1) Morphology: three basic categories (Types) were
used in a similar manner to the AO thoracolumbar fracture
classification system to describe primary injury mor-
phology [11]. “Type A” injuries are fractures that result in
compression of the vertebra with intact tension band.
“Type B” injuries include failure of the posterior or an-
terior tension band through distraction with physical
separation of the subaxial spinal elements while main-
taining continuity of the alignment of the spinal axis
without translation or dislocation. “Type C” includes those
injuries with displacement or translation of one vertebral
body relative to another in any direction; anterior, poste-
rior, lateral translation, or vertical distraction. Injuries are
first classified by their level and either C, B, or A in this
order.

Type A: compression injuries: failure of the anterior
structures under compression or mechanically insignificant
fractures of the spinal processes (e.g., spinous process or
lamina fractures). Type A injuries are further divided into 5
subtypes in order of increasing severity:

AO—no bony or minor injury such as an isolated lamina
or spinous process fracture, additionally AO is also used
when a patient presents with central cord syndrome without
an associated fracture (Fig. 1).

Al—compression fractures involving a single endplate
without involvement of the posterior wall of the vertebral
body (Fig. 2).

A2——coronal split or pincer fractures involving both
endplates without involvement of the posterior aspect of
the vertebral wall (Fig. 3).

A3—burst fractures involving a single endplate. These
injuries affect a single endplate resulting in bony
retropulsion with any involvement of the posterior verte-
bral wall (Fig. 4).

Fig. 1 Subtype AO: no bony or
minor injury such as an isolated
lamina or spinous process
fracture (AO is also used when a
patient presents with central
cord syndrome without an
associated fracture)

A\

Fig. 2 Subtype Al: compression fractures involving a single end-
plate without involvement of the posterior wall of the vertebral body

A4—-burst fracture or sagittal split injury involving both
endplates. These injuries are similar to A3 injuries but
involve both endplates. Fractures that split the vertebral
body in the sagittal plane involving the posterior vertebral
wall are also included in this group (Fig. 5).

Type B: tension band injuries: These injuries either af-
fect the anterior or posterior tension band, and are subdi-
vided into three subgroups. Of note, if any translation is
seen with these injury mechanisms, they become classified
as type “C” injuries.

Bl—posterior tension band injury: (bony) Primary
physical separation through fractured bony structures only.
These injuries are failures of the posterior tension band
extending into the vertebral body. Anterior structures (such
as disk or annulus) may also be involved (Fig. 6).

B2—posterior tension band injury: (bony, capsuloliga-
mentous, ligamentous) Complete disruption or separation
of the posterior capsuloligamentous or bony capsuloliga-
mentous structures. Anterior structures (such as vertebral
body or disk) may also be involved and should be specified
separately (Fig. 7).

B3—anterior tension band injury: Physical disruption
or separation of the anterior structures (bone/disk) with

@ Springer
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Fig. 3 Subtype A2: coronal
Split or pincer fractures
involving both endplates
without involvement of the
posterior of the vertebral wall

Fig. 4 Subtype A3: burst
fractures involving a single
endplate

tethering of the posterior elements. These injuries may
pass through either the intervertebral disk or through the
vertebral body itself (as in the ankylosed spine). An in-
tact posterior hinge will prevent gross displacement
(Fig. 8).

Type C: translational injury in any axis: this
category includes injuries with displacement or trans-
lation of one vertebral body relative to another in any
direction. Any associated injury (either a “Type A” or
“Type B” injury) should be specified separately as a
subtype, after designation as a “Type C” injury. Des-
ignation of the subtype (“B”) does not necessarily
imply mechanism, but by convention is used to confer
clarity of the relative position of the spinal elements.
Injuries where the anterior and posterior vertebral ele-
ments are distracted would be classified as translational
injuries (Fig. 9).

@ Springer

(2) Facet injury: a series of descriptors were created to
describe a spectrum of injuries to the facet joint complex. If
there are multiple injuries to the same facet (for example, a
small fracture and dislocation), only the highest level of
injury is classified (dislocation). If both facets on the same
vertebrae are injured, the right-sided facet injury is listed
before the left sided injury if the injuries are of different
subcategories. The “Bilateral” (BL) modifier is used if
both facets have the same type of injury. If only facet
injuries are identified (no A, B, or C injury), they are listed
first after the level of injury.

Fl—non-displaced facet fracture (either superior or
inferior facets): fragment <1 cm, <40 % lateral mass [14]
(Fig. 10).

F2—facet fracture with potential for instability (either
superior or inferior facets): fragment >1 cm, >40 % lateral
mass [14] or displaced (Fig. 11).



Eur Spine J (2016) 25:2173-2184

2177

Fig. 5 Subtype A4: burst
fracture or sagittal split injury
involving both endplates

Fig. 6 Subtype B1: bony
posterior tension band injury

F3—floating lateral mass: disruption of pedicle and
lamina resulting in disconnection of superior and inferior
articular processes at a given level or set of levels (Fig. 12).

F4—pathologic subluxation or perched/dislocated
facet: injury in which either the tip of the inferior articular
process of the cephalad vertebrae rests on the superior tip
of the superior articular process of the caudal vertebrae, or
an injury resulting in the inferior facet of the cephalad
vertebrae translating over the superior articular surface of
the caudal vertebrae and remaining ventral to the superior
facet of the caudal vertebral body (Fig. 13).

BL—Bilateral—modifier used when the same type of
facet injury is observed bilaterally on the same vertebra.

(3) Neurology: neurological status is graded according
to a six-part system similar to the system described with the
TL classification:

NO—neurologically intact

Nl—transient neurologic deficit that has completely
resolved by the time of clinical examination (usually within
24 h from the time of injury)

N2—radiculopathy

N3—incomplete spinal cord injury

@ Springer
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Fig. 7 Subtype B2: complete
disruption or separation of the
posterior capsuloligamentous or
bony capsuloligamentous
structures

Fig. 8 Subtype B3: anterior tension band injury: physical disruption or separation of the anterior structures (bone/disk) with tethering of the

posterior elements

N4—complete spinal cord injury

NX—neurology undetermined—used to designate pa-
tients who cannot be examined due to head injury or an-
other condition which limits their ability to complete a
neurological examination such as intoxication, multiple
trauma, or intubation/sedation.

There is one difference with the system used in the TL
classification:

“+” is given in the case of ongoing cord compression in
setting of incomplete neurologic deficit or nerve injury

@ Springer

(4) Case-specific modifiers: additional modifiers created
to describe unique conditions relevant to clinical decision-
making are as follows:

MI1—posterior capsuloligamentous complex injury
without complete disruption: This modifier designates in-
juries, which may appear stable from a bony standpoint,
but there is some evidence of injury to the posterior liga-
mentous structures without complete disruption. This is
often identified on MRI imaging and associated with very
localized posterior tenderness on clinical examination.
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Fig. 9 Type C: translational
injury in any axis

Fig. 10 Subtype F1:
nondisplaced facet fracture
(either superior or inferior
facets): fragment <1 cm,
<40 % lateral mass

M2—Critical disk herniation defined by tissue signal M3—Stiffening/metabolic bone disease [i.e., Diffuse
intensity that is consistent with nucleus pulposus protruding  Idiopathic Skeletal Hyperostosis (DISH), Ankylosing
posteriorly to a vertical line drawn along the posterior border ~ Spondylitis (AS), Ossification of the Posterior Longitudinal
of the inferior vertebral body at the injured level [15]. Ligament (OPLL) or Ossification of the Ligamentum

@ Springer
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Fig. 11 Subtype F2: facet fracture with potential for instability
(either superior or inferior facets): fragment >1 cm, >40 % lateral
mass or displaced

Fig. 12 Subtype F3: floating
lateral mass: disruption of
pedicle and lamina resulting in
disconnection of superior and
inferior articular processes at a
given level or set of levels

Fig. 13 Subtype F4: pathologic
subluxation or perched/
dislocated facet

Flavum (OLF)]. This modifier describes conditions that
may argue either for or against surgery for those patients.

M4—Signs of vertebral artery injury

Results

According to the total number of assessments (600) the
most frequent was type C (36.3 %) and the least often
reported was type B1 (0.2 %) (Table 1).

Interobserver reliability

The overall interobserver reliability when including indi-
vidual subtypes of injuries was 0.64, demonstrating

@ Springer
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Table 1 Frequency of responses of injury types

Cervical classification N %

A0 15 2.5
Al 34 5.7
A2 28 4.7
A3 7 1.2
A4 71 11.8
Bl 1 0.2
B2 77 12.8
B3 82 13.7
C 218 36.3
F1 6 1.0
F2 30 5.0
F3 24 4.0
F4 7 1.2

Table 2 Interobserver

Cervical classification  Kappa
reliability for all subtypes
A0 0.75
Al 0.78
A2 0.72
A3 0.25
Ad 0.62
Bl n/a
B2 0.29
B3 0.87
C 0.73
Fl1 0.00
F2 0.57
F3 0.60
F4 0.06
Combined 0.64
Table 3 Interobserver :
reliability for combined Injury type Kappa
subgroups A 0.66
B 0.54
C 0.73
F 0.66
Combined 0.65

substantial reliability (Table 2). The type B1 was excluded
for the calculation of inter-rater agreement, since there was
only one investigator who assessed a case as B1. When
comparing levels of fracture severity (A/B/C/F), the kappa
statistics for overall agreement on severity rating was 0.65
(Table 3), indicating substantial agreement according to
the Landis and Koch grading system.

Table 4 Intraobserver reliability

Investigator Morphology (13 Morphology (4 injury

subtypes) types)
1 0.71 0.72
2 0.91 0.91
3 0.65 0.73
4 091 0.90
5 0.60 0.68
6 091 0.90
7 0.80 0.77
8 0.58 0.57
9 0.74 0.80
10 0.73 0.77
Average 0.75 0.77

The highest agreement was observed in type B3
(x = 0.87). The lowest level of agreement was observed in
fractures types A3, B2, F1 and F4. Given that kappa value
is strongly influenced by the prevalence of the outcome, in
some situations when the prevalence of a given response is
very low (e.g., types A3, F1 and F4), interpretation of the
kappa statistic may not be meaningful.

Intraobserver reliability

The average Kappa intraobserver reliability value for all
subtypes was 0.75. Among the 10 investigators, none had
fair reproducibility results (x < 0.40) with respect to
morphology classification. Excellent reproducibility results
(x > 0.80) were identified in 3 investigators. On the av-
erage, reproducibility of the severity grades (A/B/C/F) was
substantial (x = 0.77) (Table 4).

Comparison with ‘Gold Standard’

In the first round of assessments, out of 30 cases, the range
of correctness compared to the ‘Gold Standard’ was 20-29
cases and in the second round, the range of correctness was
16-29 cases. Nevertheless, it is worth mentioning that 7 out
of 10 investigators achieved worse results, according to the
gold standard, in the second round of assessments com-
pared to the first round (Table 5).

Discussion

The subaxial cervical spine fracture classification system
proposed in this paper characterizes injury morphology,
mechanism of injury, integrity of the facets, neurologic
status, and additional modifiers thought to be important in
the treatment of cervical spinal injuries. In an attempt to

@ Springer



2182

Eur Spine J (2016) 25:2173-2184

Table 5 Comparison of investigators to the “gold standard”

Investigator  First assessment (% cases  Second assessment (%
in agreement with gold cases in agreement with
standard) (n/30) gold standard) (n/30)

1 80 (24/30) 77 (23/30)

2 83 (25/30) 80 (24/30)

3 67 (20/30) 77 (23/30)

4 73 (22/30) 67 (20/30)

5 80 (24/30) 67 (20/30)

6 97 (29/30) 97 (29/30)

7 73 (22/30) 80 (24/30)

8 67 (20/30) 53 (16/30)

9 73 (22/30) 63 (19/30)

10 70 (21/30) 60 (18/30)

Average 75 77

create cohesiveness between systems, the proposed sub-
axial cervical spine fracture classification system was
modeled after the recently developed thoracolumbar sys-
tem, with important variations and additions that are
specific to the subaxial cervical spine. The development
process of the AOSpine classification systems are based on
evaluation of numerous cases in multiple sessions by a
group of investigators and followed a methodological
pathway similar to those used in the successful develop-
ment of the AO pediatric long-bone fracture classification
system [7, 16, 17].

While there is currently no universally accepted classi-
fication system for subaxial cervical spine injuries, many
systems have been developed since the first classification of
spinal injuries by Bohler [6], and each have influenced the
development of the proposed system. Holdsworth described
a system based on mechanism of injury of his observation of
over 2000 patients with spinal injuries [3]. While the system
did not specifically distinguish between cervical and tho-
racolumbar injuries, it did focus on the importance of de-
termining “stable” versus “unstable” injuries, as well as the
importance of the posterior ligamentous complex, concepts
that continue to be crucial in the treatment of spinal injuries.
In 1982, Allen and Ferguson presented their classification
system, also based on mechanism of injury, which included:
compressive flexion, vertical compression, distractive
flexion, compressive extension, distractive extension, and
lateral flexion [1]. To create this system, the senior author
reviewed radiographs of 165 cases of fractures and dislo-
cations, as well as the likely mechanism of injury, which
was implied by the history of the injury and recoil position
of the spine on plain radiographs. While this system is
comprehensive, it lacks clinical relevance, and has poor
interobserver reliability [9]. Modifications to this system by
Harris changed the mechanisms to include flexion, flexion
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and rotation, hyperextension and rotation, vertical com-
pression, extension, and lateral flexion, however, this did
not change the inherent flaws associated with the Allen and
Ferguson classification system [2]. Previous classification
systems for spine injuries have also been developed by AO
over the years, and are reflected in the currently proposed
system [4, 5].

The Spine Trauma Study Group (STSG) developed the
Sub-axial Injury Classification (SLIC) and Severity Scale
in 2007 in an effort to combine the best parameters from
previous systems, as well as the clinical experience of the
subcommittee [8]. In the SLIC system, injuries are char-
acterized based on three main categories: injury mor-
phology, disco-ligamentous complex, and neurologic
status. Within each category, subgroups are graded based
on severity, and a score can be obtained to guide decision-
making. While the initial assessment of the SLIC system
showed good validity and moderate reliability [8], a recent
validation study comprised of 12 surgeons demonstrated
poor inter-rater agreement on morphology (x = 0.29), and
average agreement on the integrity of the disco-ligamen-
tous complex (x = 0.46) [10]. The importance of neuro-
logical status was introduced in the SLIC system, and
continues to be used as a modifier in the proposed system.
The degree of neurologic deficit can reflect the severity of
injury and amount of energy required to cause the deficit,
and in turn influence the decision-making process.

Similar to the thoracolumbar classification system, the
morphological characteristics of subaxial cervical spine
injuries based on CT scan and radiographs are the foun-
dation of this system. CT is available at most trauma
centers, and has been recommended by some to be the
initial screening modality for patients with suspected in-
juries [18, 19]. While CT scan alone is adequate to identify
and classify most injuries in this system, MRI can aid in the
diagnosis of subtle injuries to the PLC when disruption of
the bony structures, such as widening of the spinous pro-
cesses, is not obvious. However, the integrity of the PLC
should not be based on MRI alone [20, 21]. This system
also includes a modifier to acknowledge cases in which
injury to the PLC is indeterminate, which is applicable in
cases where MRI is unavailable, or the images available
cannot rule out injury.

Unique to this classification system is the assessment of
the facets as a separate descriptor. The spectrum of facet
injury varies from non-displaced or displaced fractures to
subluxed, perched, or dislocated facets. The facet complex
has been demonstrated to be a dominant stabilizer for axial
rotation, and overall stability in association with the cap-
sule, disc, and ligamentous structures [22, 23]. The pres-
ence of facet dislocation not only suggests an injury of
significant energy, but also a mechanism of flexion dis-
traction [24]. In the setting of SCI, patients with facet
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dislocation present with a significantly worse AIS grade,
and less improvement at 1 year [25].

Overall, the interobserver and intraobserver reliabilities
for this proposed system were substantial (0.64 and 0.75,
respectively). Due to the low frequency of certain injury
subtypes (A3, B1, F1, and F4), these injuries may have a
low kappa value. It is unknown if the low kappa values for
these injuries are due to the low prevalence within the 30
cases, or if these injuries truly represent an area of dis-
agreement. Future studies will hopefully further evaluate
this question. Another interesting finding was that 7 out of
10 investigators had worse agreement with the ‘Gold
Standard’ on the second assessment compared to the first
assessment. A possible explanation for this finding is that
the investigators may have performed the first evaluation
soon after reviewing the descriptive introduction to the
system as well as the introductory 10 cases, while the
second round was completed after 30 days. There was no
required “pre-test” prior to the second round of assess-
ment, which may have lowered the number of cases in
agreement with the ‘Gold Standard’. Investigator fatigue in
reviewing 30 cases a second time may have been a factor.
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