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Abstract BACKGROUND CONTEXT: The complex anatomy of the upper cervical spine resulted in
numerous separate classification systems of upper cervical spine trauma. The AOSpine upper cervi-
cal classification system (UCCS) was recently described; however, an independent agreement
assessment has not been performed.

PURPOSE: To perform an independent evaluation of the AOSpine UCCS.

STUDY DESIGN: Agreement study.

PATIENT SAMPLE: Eighty four patients with upper cervical spine injuries.

OUTCOME MEASURES: Inter-observer agreement; intra-observer agreement.

METHODS: Complete imaging studies of 84 patients with upper cervical spine injuries, including
all morphological types of injuries defined by the AOSpine UCCS were selected and classified by
six evaluators (from three different countries). The 84 cases were presented to the same raters ran-
domly after a 4-week interval for repeat evaluation. The Kappa coefficient (k) was used to deter-
mine inter- and intra-observer agreement.

RESULTS: The interobserver agreement was almost perfect when considering the fracture site (I,
I or III), with ¥=0.82 (0.78—0.83), but the agreement according to the site and type level was mod-
erate, k=0.57 (0.55—0.65). The intra-observer agreement was almost perfect considering the injury,
with ¥=0.83 (0.78—0.86), while according to site and type was substantial, ¥=0.69 (0.67—0.71).
CONCLUSIONS: We observed only a moderate inter-observer agreement using this classifica-
tion. We believe our results can be explained because this classification attempted to organize
many different injury types into a single scheme. © 2022 Elsevier Inc. All rights reserved.
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Introduction

The objectives of any classification scheme should be to
enable communication among physicians through the iden-
tification and grouping of comparable cases, guide the best
treatment options, and standardize research terminology.
Ideally, a classification system should also allow the com-
parison of different treatment outcomes for similar injuries.
Moreover, a classification should be comprehensive, easy
to apply and demonstrate adequate inter- and intra-observer
agreement to attain these objectives.

The complex anatomy of the upper cervical spine, with a
broad spectrum of injuries affecting the occipital condyles,
C1, the odontoid process, or the posterior arch of C2, has
resulted in numerous separate classification systems of
upper cervical spine trauma (UCT) [1—4]. These historical
classification systems covered similar injury patterns and
were primarily published before the advent of computed
tomography (CT) scan reconstructions, generally using
plain radiographs images [5—7].

Recently, the AOSpine Knowledge Forum released the
Upper Cervical Classification System (UCCS) [8—10]; this
scheme was developed to classify the different patterns of
UCT into one system. This scheme is based on the other
AOSpine classification systems; however, the UCCS divides
injuries according to the affected region(s) (injury sites).
These sites are I, injuries involving the occipital condyles
and the craniocervical junction; II, injuries involving the atlas
and the atlantoaxial joint; and III, injuries involving the axis
and the C2-3 joint. Similar to the AOSpine thoraco-lumbar,
subaxial cervical, and sacral fracture classification schemes,
the AOSpine UCCS subdivides these three injury sites into
three types: type A (stable), with bony injuries only, without
significant ligamentous, tension band, or disc injury; type B
(stable or unstable), having tension band or ligamentous
injury, with or without bony injury, but without complete
separation of anatomic integrity; and type C injuries (unsta-
ble), which have a significant translation in any directional
plane and separation of anatomic integrity. [8,9,11].

The AOSpine UCCS was developed by a group of world
leaders in spine and orthopaedic trauma; studies involving
those authors obtained substantial inter-observer agreement
classifying the different types of injuries and almost perfect
agreement assessing the injury site [9,11]. However, any
classification requires further independent validations
before being universally accepted for clinical and educa-
tional use. Therefore, the objective of this study was to per-
form an independent inter- and intra-observer agreement
evaluation of the AOSpine UCCS.

Material and methods

Institutional review board approval was obtained to per-
form this study. One author, who later did not participate in
the classification phase of this study, retrospectively selected
84 cases with upper cervical injuries from a large patient

database treated in two tertiary care centers. That author
included all morphological types of injuries defined by the
AOSpine UCCS to perform an adequate agreement study.

For inclusion in this study, the patients had to have com-
plete cervical CT scans, including axial images, with coro-
nal and sagittal reconstructions. Coronal and sagittal
images were reformatted from axial images using bone win-
dows; a section thickness of 1 mm was used to reformat the
images. Patients with non-traumatic upper cervical frac-
tures (eg fractures associated with spinal tumors and infec-
tions) were excluded.

The CT scans were reviewed using the Impax Web4000
program (Agfa-Gevaert, Mortsel, Belgium) by six spine
surgeons from six different centers in three countries. The
raters were trained in this new classification scheme before
performing their evaluations. They were provided with the
original article to resolve any doubt at the assessment time.
Additionally, they watched the full video of the AOSpine
UCCS explanation given by Dr. Vaccaro before starting the
evaluation [10]. The evaluators were unaware of the
patients’ identification or treatments they received.

The six raters classified the fractures according to the
AOSpine UCCS. Injuries were classified according to loca-
tion (I, occipital and craniocervical region; Il, atlas and atlan-
toaxial joints; and III, axis and C2-3 joints) and injury type
(A, B, and C), as shown in Figure. We did not assess the
case-specific modifiers or the neurological status modifiers.

Inter-observer agreement was determined by comparing
the initial responses of the six evaluators. Intra-observer
agreement was established by comparing the same rater’s
responses between two evaluations of the same cases. A 4-
week interval separated the assessments, and cases were
presented randomly to avoid recall bias.

R (The R Project for Statistical Computing, Vienna,
Austria) was used for sample size estimation. Considering
the data from Maeda et al. [9], a confidence interval
approach to sampling size estimation for inter-observer
agreement studies with multiple raters was used as reported
by Rotondi et al. [12]. For six evaluators, with a 95% confi-
dence interval, a lower limit of 0.6 and an upper limit of 0.8
(an expected substantial reliability), we determined 65
cases as the required sample. However, considering that
some subtypes are infrequent, we increased the number of
patients to 84 to have enough cases for each subtype.

Statistical analysis was conducted with SPSS version 17
(SPSS, Chicago, IL, USA). We used the Kappa coefficient
(1) to determine the inter-observer and intra-observer agree-
ment; x values were expressed with a 95% confidence inter-
val (CI). The agreement was first measured at the injury site
and then at the injury type. Levels of agreement for k were
determined as proposed by Landis et al. [13], with x values
0.00 to 0.20 considered slight agreement; 0.21 to 0.40, fair
agreement; 0.41—0.60, moderate agreement; 0.61—0.80,
substantial agreement; and 0.81—1.00, almost perfect
agreement.
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Results

At least one evaluator identified all three of the different
injury sites described by the AOSpine UCCS (I, II, and III)
and all the types (A, B, and C).

Of the 504 responses from six evaluations of the 84
cases, 12.30% were identified as involving the condyles or
atlanto-occipital joints (site I), 18.85% as occurring at the
atlas and atlanto-axial joints (site II) and 68.85% as affect-
ing the axis and C2-3 disc and joints (site III lesions), as
shown in Table 1.

The proportion of injuries classified in the different com-
binations of sites and types is shown in Table 2.

Inter-observer agreement

We observed an almost perfect inter-observer agreement
(¥=0.82 [95% CI 0.78—0.83]), when assessing the fracture
site (I, II, IIT). The « value for each fracture site was 0.80
for type I fractures, 0.74 for type II, and 0.68 for type III
injuries. (Table 3).
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Table 1 Table 5
Distribution of responses of injury sites Intra-observer agreement for each injury site
Type N° % Type K 95% CI
1 62 12.30 Overall 0.83 0.78—0.86
I 95 18.85 I 0.80 0.77-0.83
I 347 68.85 I 0.72 0.69—0.75
Total 504 100 I 0.82 0.79-0.85
Table 2 Table 6
Distribution of responses of injury sites and types Intra-observer agreement for each injury site plus type
Subtype N° % Subtype K 95% ClI
1A 57 11.30 Overall 0.69 0.67—0.71
1B 3 0.60 1A 0.79 0.76—0.82
IC 2 0.40 1B —0.006 —0.03—-0.02
IIA 63 12.50 1C 0.04 0.01-0.07
1IB 15 2.98 1A 0.65 0.62—0.68
IIC 17 3.37 1IB 0.34 0.31-0.37
1A 289 57.34 1c 0.39 0.36—0.42
1B 25 4.96 1A 0.66 0.63—0.69
i@ 33 6.55 1IB 0.15 0.12—0.18
Total 504 100 IIC 0.29 0.26—0.32
Table 3 CI 0.78—0.86). (Table 5). The intra-observer agreement
Inter-observer agreement for each injury site according to site and type was substantial (k=0.69 [95% CI
Type B 95% CI 0.67—9.71]); the detailed intra-observer agreement is
shown in Table 6.
Overall 0.82 0.78—0.83
1 0.80 0.74—0.86
I 0.75 0.69—0.81
111 0.88 0.83—0.94

According to the site and type level, the inter-observer
agreement was moderate (¥=0.57 [95% CI 0.55—0.65]).
The detailed interobserver agreement by site and type is
shown in Table 4.

Intra-observer agreement

We observed an almost perfect intra-observer agreement
considering the injury site (I, II, or III) with a ¥=0.83 (95%

Table 4

Inter-observer agreement for each injury site plus type
Subtype K 95% CI
Overall 0.57 0.55—0.65
1A 0.81 0.74—-0.88
1B —0.006 —0.06—0.05
IC 0.19 0.14—-0.24
IIA 0.68 0.62—-0.74
1IB 0.41 0.35-0.47
1Ic 0.40 0.35-0.45
IIA 0.66 0.60—0.72
1B 0.15 0.09-0.21
c 0.20 0.15-0.25

Discussion

The upper cervical spine has a complex and unique anat-
omy. Considering the complexity of this segment and dif-
ferent injury patterns, no previous universal classification
system of UCT has been adopted by the spine community.
Using the AOSpine UCCS, our panel exhibited almost per-
fect interobserver agreement detecting the fracture site,
with x=0.82. However, assessing the site and fracture type,
we observed only a moderate agreement (k=0.57).

The purposes of an injury classification system should be
to facilitate communication between peers, provide infor-
mation on their severity, and improve decision-making
regarding treatment, outcome, and prognosis [14]. Ideally,
a classification scheme should also allow the comparison of
different treatment outcomes for similar injuries. According
to our findings, a sub-optimal agreement using a classifica-
tion was observed, meaning that a significant fraction of
injuries will be classified differently by various assessors;
hence, many patients presenting the same injury could
undergo different treatments. Such insufficient agreement
represents a limitation of the AOSpine UCCS as, to obtain
widespread use, a new classification must demonstrate ade-
quate agreement among the authors who developed it and
among independent assessors to confirm the classification’s
external validity.
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We believe our results can be explained because the
AOSpine UCCS attempted to organize many different
injury types into a single scheme. As opposed to the other
AOSpine injury classification systems, which described dif-
ferent injuries occurring in vertebrae or vertebral segments
that are similar, the unique bone anatomy of the occipital
condyles, atlas, and axis plus the capsuloligamentous com-
plex of this region makes organizing the wide spectrum of
injuries affecting this region into a single scheme a difficult
task. As an example, an un-displaced fracture of the poste-
rior arch of C2, with a very good prognosis treated with
external immobilization, should be classified as a site III
type A fracture; paradoxically, a displaced fracture of the
base of the odontoid process, which is a completely differ-
ent injury (and which has a different prognosis and requires
a different treatment) is also classified as a site III type A
fracture.

Furthermore, part of the insufficient inter-observer
agreement using this classification could be explained
because of some injuries’ low prevalence, since the out-
come’s prevalence strongly influences « value. Despite our
strategy to increase the number of cases for assessment
even beyond the sample size estimation to have injuries of
all sites and types, several sites plus type injuries were iden-
tified in less than 10% of cases, as shown in Table 2. As
expected, those injuries exhibited lower agreement among
the different raters, as displayed in Table 4.

Of note, the intra-observer agreement according to site
and type was substantial (k=0.69). However, the intra-
observer agreement depends on each assessor’s individual
interpretation of the classification, which reflects either a
steadily correct or a steadily incorrect appraisal by an asses-
sor, independent of agreement with other evaluators.

Any new classification system should undergo a three-
step validation process: 1) A description of categories by
experts, 2) A multicenter agreement assessment done by a
representative panel of potential users of the scheme, and 3)
A prospective clinical study to evaluate its clinical value
[15]. Our study contributes to the second step of this pro-
cess through a multicenter agreement evaluation performed
by spine surgeons from six centers in three countries.

We did not assess the case-specific or the neurological
status modifiers, which could be a limitation of our study.
However, we wanted to replicate the methodology used in
the studies involving the authors who developed this classi-
fication [9,11]; thus, we could make the results of the two
studies comparable. On the other side, agreement of other
AOSpine injury classifications did not use modifiers either
[16—18]. We also acknowledge that using magnetic reso-
nance imaging (MRI) scans could increase agreement using
this classification, as MRI has the potential to assess liga-
mentous injuries better. Nevertheless, the standard for man-
aging spine trauma still uses CT scans in most trauma
centers worldwide. Finally, the low prevalence of some
injuries, as already discussed, affects « values. Although
this prevalence corresponds to the real-world scenario of

the UCT, it could be considered a methodological limitation
of our study.

While independent agreement studies usually show a
lower agreement than what is observed by the developers of
anew scheme [16—18], the level of agreement we observed
using the AOSpine UCCS makes us recommend being cau-
tious in using this classification in practice and research.
Considering that the availability of MRI scanners has
increased with time, future studies should evaluate if MRI
contributes to a better agreement using this classification by
independent observers, as MRI can favor the diagnosis of
the ligamentous component of the injury. Moreover, as a
recent study about new training methods showed better
interrater agreement [19], upcoming agreement studies
using approaches such as that one should be warranted.
Finally, future prospective studies are required to establish
whether this classification allows surgeons to build an evi-
dence-based treatment algorithm.
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