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ABSTRACT

Obijective: To evaluate the interobserver agreement of the new AOSpine classification for subaxial cervical fractures. Methods: A des-
criptive study, which11 traumatic lesions of the subaxial cervical spine (through radiographic and tomographic images), were evaluated
by 16 observers being: 6 senior surgeons, 4 fellows in spinal surgery and 6 physicians residents in Orthopedics and Traumatology by
the new AOSpine classification, with subsequent statistical analysis of the results. An agreement analysis was performed using the Kappa
coefficient, both individually and in combination, with an interpretation of the index performed using the standardized model for Landis
and Koch. To determine the level of significance of the analyzes, values less than 0.05 were considered statistically significant. Results: In
general, the level of agreement among the examiners was considered reasonable. The lesions “A0 (F3)”, ‘A4 (F3)”, “B1”, “B3”, “B3 (F3)”,
‘C”, “C (F3)” and “F3"showed a low level of agreement between the examiners. The level of reasonable agreement was obtained between
fractures "A0”, "A1”, ‘A4”, “B2” and “C (F4)”. The only fracture that presented a moderate level of agreement was the “C (F4 BL)” lesion.
This result indicates that the referred injury was the fracture of the subaxial column that presented the best level of agreement among the 16
examiners in the present study. Conclusions: The results of the study indicate an intermediate agreement of the new AOSpine classification
for subaxial cervical lesion and point to the need to carry out studies that seek to evaluate this new classification in order to better evaluate its
strengths and weaknesses, contributing for its improvement. Level of evidence llI; Diagnostic study - investigation of a diagnostic test.

Keywords: Reproducibility of Results; Fractures, bone/classification; Reliability.

RESUMO

Objetivo: Avaliar a concordancia interobservadores da nova classificagéo AOSpine para fraturas cervicais subaxiais. Métodos: Estudo descritivo,
por meio do qual foram avaliadas 11 lesées traumaticas da coluna cervical subaxial (através de imagens radiogréficas e tomograficas) por 16 obser-
vadores, sendo seis cirurgiées seniors, quatro fellows em cirurgia da coluna e seis médicos residentes em Ortopedia e Traumatologia, pela nova clas-
sificagdo AOSpine. A analise de concordéncia foi realizada através da do uso do coeficiente Kappa, tanto de forma individual como de forma combi-
nada, sendo a interpretagéo do indiice realizada através do modelo padronizado por Landis e Koch. Para determinar o nivel de significancia das ana-
lises, valores de p menores que 0.05 foram considerados estatisticamente significativos. Resultados: De maneira geral, o nivel de concordéncia entre
0s examinadores foi considerado razoavel. As lesées ‘AO(F3)”, ‘A4(F3)”, “B1”, "B3”, “B3(F3)", “C”", “C(F3)" e “F3 apresentaram nivel de concordancia
fraco entre os examinadores. O nivel de concordancia razoavel foi obtido entre as fraturas ‘A0”, ‘A1”, 'A4”, “B2” e “C(F4)”. A Unica fratura que apresen-
tou nivel de concordancia moderado foi a leséo “C (F4 BL)". Esse resultado indica que a referida leséo foi a fratura da coluna subaxial que apresentou
o melhor nivel de concordancia entre os 16 examinadores do presente estudo. Conclusées: Os resultados do estudo indicam uma concordancia
intermediiaria da nova classificacdo AOSpine para lesées da cervical subaxial e apontam para a necessidade da realizagao de estudos que busquem
avaliar esta nova classificagéo, de forma a melhor avaliar seus pontos fortes e fracos, contribuindo para sua aprimoragdo. Nivel de evidéncia IlI;
Estudo diagnéstico- investigagcdo de um exame para diagnostico.

Descritores: Reprodutibilidade dos Testes; Fraturas Osseas; Classificacdo; Confiabilidade.

RESUMEN

Objetivo: Evaluar la concordancia interobservadores de la nueva clasificacion AOSpine para fracturas cervicales subaxiales. Méto-
dos: Estudio descriptivo, a través del cual se evaluaron 11 lesiones traumaticas de la columna cervical subaxial (a través de imagenes
radiograficas y tomograficas) por 16 observadores sendo: 6 cirujanos experimentados, 4 companeros en cirugia de columna y 6
médicos residentes en Ortopedia y Traumatologia por la nueva clasificacion AOSpine. Se realizé un analisis de acuerdo utilizando
el coeficiente Kappa, tanto individualmente como en combinacion, con una interpretacion del indice realizada utilizando el modelo
estandarizado para Landis y Koch. Para determinar el nivel de significacién de los analisis, se consideraron estadisticamente valores
inferiores a 0,05. Resultados: En general, el nivel de concordancia entre los examinadores se considerd razonable. Las lesiones
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‘A0 (F3)”, A4 (F3)”, “B1’, “B3”, “B3 (F3)”, “C”, “C (F3)” y “F3 presentaron un nivel de concordancia débil entre los examinadores.
El nivel de concordancia razonable se obtuvo entre las fracturas A0, A1, A4, B2 y C (F4). La unica fractura que presenté un nivel de
concordancia moderado fue la lesiéon “C (F4 BL)’. Este resultado indica que dicha lesién fue la fractura de la columna subaxial que
presentd el mejor nivel de concordancia entre los 16 examinadores del presente estudio. Conclusiones: Los resultados del estudio
indican un acuerdo intermedio de la nueva clasificacion de AOSpine para lesiones cervicales subaxiales y apuntan a la necesidad de
realizar estudios que busquen evaluar esta nueva clasificacion, para evaluar mejor sus puntos fuertes y débil, para su mejoramiento.
Nivel de evidencia lll; Estudio de diagndstico: investigacién de una prueba de diagndstico.

Descriptores: Reproducibilidad de los Resultados; Fractura Osea/clasificacion; Fiabilidad.

INTRODUCTION

Classifications are important in Orthopedics and Traumatology
and are frequently used to guide treatment, prognosis, and commu-
nication among care teams, in addition to serving to standardize
the international scientific language.? To meet these objectives, the
classifications must be simple, easy to apply in clinical practice, and
reproducible, with high concordance among the surgeons.®

During elaboration, a classification must go through three resear-
ch phases before validation for clinical use. The first phase consists
of the development of the classification by a group of physicians
experienced in the treatment of the particular injuries, based on se-
veral pilot studies. At this stage, concordance among the surgeons
must be greater than 90%. In the next phase, the classification is
tested by examiners with different levels of knowledge and practice.
In the final phase it is applied clinically and documented for some
period of time to confirm its validity.*

The most recent classification of subaxial cervical injuries is
that of the AOSpine group,® which seeks to be comprehensive and
include various types of subaxial cervical spine bone and soft tis-
sue injuries, based on the AOSpine classification for thoracolumbar
fractures.® Earlier classifications for subaxial cervical lesions, such
as that of Allen and Fergunson’ and more recently the SLICS clas-
sification, do not present adequate interobserver concordance and
leave a lot to be desired in assisting with therapeutic decisions.?

Bearing in mind that the subaxial cervical spine is the most com-
mon location for cervical injuries, accounting for 65% of cervical frac-
tures and more than 75% of cervical fracture-dislocations,® which are
a serious public health problem and can have devastating results,
such as irreversible spinal cord injury and death,® a classification
with good concordance among surgeons is needed to optimize the
treatment of these injuries.

The objective of this study was to evaluate the interobserver con-
cordance of the most recent subaxial injury classification (AOSpine).

METHODS

Eleven cases of traumatic subaxial cervical injury were selected
from the personal files of one of the authors of the study. The asso-
ciated radiographic and tomographic images contained no patient
identification data. The case files were written to CDs together with
a copy of the AOSpine classification (Figure 1) and delivered to the
participants with a printed questionnaire, where they wrote down
their responses and then returned the material to the researchers
within one week.

All the participants signed an informed consent form and their
identity was protected in accordance with the parameters pres-
cribed by Resolution 466/2012 of the National Health Council /
Ministry of Health, which addresses research involving human
subjects. The study was approved by the Institutional Review Board
of the institution.

Cases of pathological fractures (tumoral, from infection, or os-
teoporotic), those without information clear enough to define the
classification, and injuries at multiple levels were excluded.

The cases were classified by 16 observers, 6 of whom were
senior surgeons, 4 of whom were fellows in spine surgery, and 6 of
whom were medical residents in Orthopedics and Traumatology.

The evaluators classified the cases according to the new AOS-
pine classification into types A, B, C, and F and their morphological

subtypes. (Figure 1) No clinical data were provided to the evaluators
for the definition of neurological modifiers or the M modifier.

Interobserver observance was evaluated by statistical compari-
son of the evaluators’ responses.

The analysis of concordance was conducted through use of
the kappa statistic, both in individual and combined form, and
the interpretation of the statistic was conducted using the inter-
pretation model standardized by Landis and Koch (Strength of
Agreement). (Figure 2)

To determine the level of significance of the analyses, values of
p less than 0.05 were considered statistically significant.

All the analyses were conducted using STATA/MP version 14.0
statistical software.

The researchers were responsible for financing the research.

RESULTS

The cases presented were classified in different ways by the
study examiners. (Table 1) Only one examiner (in the senior surgeon
subgroup) failed to select the type of fracture in one of the study
samples (case 11). The other cases were classified through the
interpretation of each examiner, taking the image characteristics
and the parameters indicated for each classification into account.

In general, the level of concordance among the examiners was con-
sidered fair (combined kappa = 0.2385 / p value = 0.0000) (Table 2).

Regarding the type of fracture, injuries A4(F1), B1(F3), B2(F3),
C(F1,F4), C(F2), C(F2 BL), C(F2,F4), C(F3,F4), F1, F2, and F4
showed a significance level considered insignificant, with grea-
ter probability that these fractures had been classified at random
(kappa < 0.00). However, these data were not statistically signi-
ficant (p > 0.05).

Injuries AO(F3), A4(F3), B1, B3, B3(F3), C, C(F3), and F3 sho-
wed a slight level of concordance among the examiners (kappa
between 0.00 and 0.20), and these values were considered sig-
nificant (p < 0.05).

A fair level of concordance (kappa between 0.21 and 0.40)
was obtained for fractures A0, A1, A4, B2, and C(F4), both with
statistically significant p values (o < 0.05).

The only fracture that presented a moderate level of concordan-
ce was injury C(F4 BL), for which the kappa statistic value was equal
t0 0.4275 (p = 0.0000). This result indicates that this particular injury
was the subaxial spine fracture with the highest level of concordance
among the 16 examiners in the present study.

DISCUSSION

Classifications are useful tools, not only in the diagnosis and
description of injuries, but also in defining optimal trauma team
conduct, leading to better results for the individuals under care.
A classification should be practical enough to be disseminated
and routinely applied, but it must also be accurate, reproducible,
and adequately associated with the best indication for treatment
and prognosis.

In 2007, Vaccaro proposed a classification system for suba-
xial cervical fractures based on 3 axes: the morphology of the
injury, the integrity of the posterior ligament complex, and the
neurological evaluation, which generally showed good intero-
bserver concordance, although when analyzed separately the
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/ | Type A. Compression injuries | \

| Type B. Distraction injuries
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)
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Figure 1. AOSpine classification of subaxial cervical injuries.

Kappa Statistic Strength of agreement

<0.00 Poor
0.00-0.20 Slight
0.21-0.40 Fair
0.41-0.60 Moderate
0.61-0.80 Substantial
0.81-1.00 Almont perfect

Figure 2. Landis and Koch kappa statistic interpretation model.

posterior ligament complex presented low concordance.® One
negative point of this classification was that it required the use
of imaging examinations, which are often not readily accessible
in the context of most urgent care facilities. The previously used
classification was that of Allen and Fergunson (1982), who ob-
served moderate interobserver concordance as cited by Vaccaro.
In a 2008 comparative study of these two classifications, Jorge'®
observed that both presented good intracbserver and moderate
interobserver concordance.

Currently, the new AOSpine classification proposed by Vacca-
ro in 2015 has emerged as one of the most widely disseminated
classifications and the results of this study offer more evidence

of its reproducibility, and, considering that the evaluations made
by the physicians in this study indicate highly variable levels of
concordance when comparing the different injuries included in the
classification, the overall concordance was considered fair.

In 2017, Urrutia" demonstrated substantial interobserver con-
cordance for the main fracture types (A, B, and C) and moderate
concordance for the subtypes. In 2015, Vaccaro® had also demons-
trated good interobserver concordance for the main fracture types
when describing the classification.

The data obtained show that the greater experience of the exa-
miner does not necessarily imply higher levels of concordance, a
fact that indicates that generalized use of this classification for the
entire community is effective regardless of the degree of experience
with these fractures.

CONCLUSIONS

From this study it was concluded that the new AOSpine classi-
fication presented a fair overall level of interobserver concordance.

The evolution of the classification is key to a more accurate approach
and one with better results, thus contributing to reduce the costs involved
in the process and improve the treatment of these serious injuries.

All authors declare no potential conflict of interest related to
this article.
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Table 1. Analysis of interobserver concordance of 11 cases of traumatic injuries of the subaxial cervical spine, as described by 16 examiners (surgeons,
fellows, and residents), according to the AOSpine classification.

Type of fracture (subaxial spine) Kappa Statistic p value
Did not answer -0.0057 0.5822
Minor, nonstructural fractures .
0.2508 0.0000
AO
Minor, nonstructural fractures with Floating lateral mass .
0.1183 0.0000
AO(F3)
Wedge-compression .
0.2561 0.0000
A1
Complete burst .
0.3751 0.0000
A4
Complete burst with Nondisplaced facet fracture
-0.0057 0.56822
A4(F1)
Complete burst with Floating lateral mass .
0.1814 0.0000
A4(F3)
Posterior tension band injury (bony) A
0.1027 0.0001
B1
Posterior tension band injury (bony) with Floating lateral mass
-0.0057 0.56822
B1(F3)
Posterior tension band injury (bony capsuloligamentous, ligamentous .
jury (bony cap 9 g ) 0.3035 0.0000
B2
Posterior tension band injury (bony capsuloligamentous, ligamentous) with Floating lateral mass
-0.0057 0.56822
B2(F3)
Anterior tension band injury .
0.0776 0.0024
B3
Anterior tension band injury with Floating lateral mass A
0.0559 0.0211
B3(F3)
Translational injury .
0.1846 0.0000
C
Translational injury with Nondisplaced facet fracture and Pathologic subluxation or perched/ dislocated facet
-0.0057 0.56822
C(F1,F4)
Translational injury with Facet fracture with potential for instability
-0.0173 0.7357
C(F2)
Translational injury with Facet fracture with potential for instability bilateral
-0.0057 0.5822
C(F2 BL)
Translational injury with Facet fracture with potential for instability and Pathologic subluxation or perched/ dislocated facet
-0.0057 0.56822
C(F2,F4)
Translational injury with Floating lateral mass )
0.2025 0.0000
C(F3)
Translational injury with Floating lateral mass and Pathologic subluxation or perched/ dislocated facet
-0.0057 0.56822
C(F3,F4)
Translational injury with Pathologic subluxation or perched/ dislocated facet N
0.3895 0.0000
C(F4)
Translational injury with Pathologic subluxation or perched/ dislocated facet bilateral )
0.4275 0.0000
C(F4 BL)
Nondisplaced facet fracture
-0.0115 0.6619
F1
Facet fracture with potential for instability
-0.0057 0.5822
F2
Floating lateral mass .
0.1183 0.0000
F3
Pathologic subluxation or perched/ dislocated facet
-0.0057 0.6822
F4
Combined kappa (Overall) 0.2385 0.0000"

Database = 16 examiners and 11 cases of traumatic fractures of the subaxial spine. * Represents a statistically significant difference (p<0.05), according to Fleiss’ Kappa Concordance Coefficient
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Table 2. Analysis of interobserver concordance of 11 cases of traumatic injuries of the subaxial cervical spine, as described by 16 examiners (surgeons,
fellows, and residents), according to the AOSpine classification.

Surgeons Fellows Residents
Type of fracture (subaxial spine) Kappa Kappa Kappa
Statistic | P value Statistic | P value Statistic | P value
Did not answer -0.0154 | 0.5783 - - - -
Minor, nonstructural fractures . .
A0 -0.0476 | 0.7296 | 0.6423 | 0.0000" | 0.2548 | 0.0005
Minor, nonstructural fractures with Floating lateral mass .
- - 0.3016 | 0.0071" | -0.0154 | 0.5783
AO(F3)
Wedge-compression N
- - - - 0.8402 | 0.0000
A1
Complete burst . N
Al 0.1750 | 0.0123 | -0.0233 | 0.5749 | 0.5742 | 0.0000
Complete burst with Nondisplaced facet fracture
- - -0.0233 | 0.5749 - -
A4(F1)
Complete burst with Floating lateral mass .
0.1750 | 0.0123" | -0.0233 | 0.5749 | -0.0154 | 0.56783
A4(F3)
Posterior tension band injury (bony) )
B1 0.1750 | 0.0123 - - 0.0419 | 0.2951
Posterior tension band injury (bony) with Floating lateral mass
- - -0.0233 | 0.5749 - -
B1(F3)
Posterior tension band injury (bony capsuloligamentous, ligamentous) . )
B2 0.5594 | 0.0000° | 0.4747 | 0.0001" | 0.1200 | 0.0616
Posterior tension band injury (bony capsuloligamentous, ligamentous) with Floating lateral mass
ury {bony capsulolig g ) g 00154 | 05783 | - - - -
B2(F3)
Anterior tension band injury .
B3 0.1750 | 0.0123" | -0.0476 | 0.6506 | 0.0921 | 0.1185
Anterior tension band injury with Floating lateral mass
-0.0154 | 0.5783 | -0.0233 | 0.5749 - -
B3(F3)
Translational injury .
P 0.1200 | 0.0616 | -0.0732 | 0.7239 | 0.4531 | 0.0000
Translational injury with Nondisplaced facet fracture and Pathologic subluxation or perched/
dislocated facet -0.0154 | 0.5783 - - - -
C(F1,F4)
Translational injury with Facet fracture with potential for instability
-0.0312 | 0.6559 - - -0.0154 | 0.6783
C(F2)
Translational injury with Facet fracture with potential for instability bilateral
-0.0154 | 0.5783 - - - -
C(F2 BL)
Translational injury with Facet fracture with potential for instability and Pathologic subluxation or
perched/ dislocated facet -0.0154 | 0.5783 - - - -
C(F2,F4)
Translational injury with Floating lateral mass . .
0.1370 | 0.0392° | 0.0833 | 0.2492 | 0.4374 | 0.0000
C(F3)
Translational injury with Floating lateral mass and Pathologic subluxation or perched/
dislocated facet -0.0154 | 0.5783 - - - -
C(F3,F4)
Translational injury with Pathologic subluxation or perched/ dislocated facet . .
0.4133 | 0.0000" | 0.4735 | 0.0001" | 0.0921 | 0.1185
C(F4)
Translational injury with Pathologic subluxation or perched/ dislocated facet bilateral . N .
0.6743 | 0.0000" | 0.6741 | 0.0000" | 0.1750 | 0.0123
C(F4 BL)
Nondisplaced facet fracture
1 -0.0154 | 0.5783 - - -0.0154 | 0.6783
Facet fracture with potential for instability
- - - - -0.0154 | 0.6783
F2
Floating lateral mass .
- - - - 0.3714 | 0.0000
F3
Pathologic subluxation or perched/ dislocated facet
- - - - -0.0154 | 0.6783
F4
Combined kappa 0.3024 | 0.0000" | 0.3470 | 0.0000" | 0.3331 | 0.0000"
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