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Abstract

Purpose To evaluate the AOSpine Thoracolumbar Spine Inju-
ry Classification System and if it is reliable and reproducible 
when applied to the paediatric population globally.

Methods A total of 12 paediatric orthopaedic surgeons were 
asked to review MRI and CT imaging of 25 paediatric patients 
with thoracolumbar spine traumatic injuries, in order to de-
termine the classification of the lesions observed. The evalu-

ators classified injuries into primary categories: A, B and C. 
Interobserver reliability was assessed for the initial reading by 
Fleiss’s kappa coefficient (kF) along with 95% confidence inter-
vals (CI). For A and B type injuries, sub-classification was con-
ducted including A0-A4 and B1-B2 subtypes. Interobserver 
reliability across subclasses was assessed using Krippendorff’s 
alpha (αk) along with bootstrapped 95% CIs. A second round 
of classification was performed one-month later. Intraobserv-
er reproducibility was assessed for the primary classifications 
using Fleiss’s kappa and sub-classification reproducibility was 
assessed by Krippendorff’s alpha (αk) along with 95% CIs.

Results In total, 25 cases were read for a total of 300 initial 
and 300 repeated evaluations. Adjusted interobserver reliabil-
ity was almost perfect (kF = 0.74; 95% CI 0.71 to 0.78) across 
all observers. Sub-classification reliability was substantial (αk= 
0.67; 95% CI 0.51 to 0.81), Adjusted intraobserver reproduc-
ibility was almost perfect (kF = 0.91; 95% CI 0.83 to 0.99) for 
both primary classifications and for sub-classifications (αk = 
0.88; 95% CI 0.83 to 0.93).

Conclusion The inter- and intraobserver reliability for the 
AOSpine Thoracolumbar Spine Injury Classification System 
was high amongst paediatric orthopaedic surgeons. The 
AOSpine Thoracolumbar Spine Injury Classification System 
is a promising option as a uniform fracture classification in 
children.

Level of Evidence: III
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Introduction
The AOSpine Thoracolumbar Spine Injury Classification 
System is the newest widespread classification system 
for thoracolumbar trauma injuries, improving on previ-
ous classifications that evolved from simple morphologi-
cal classifications to more complex systems.1-3 Within the 
paediatric population there does not exist a dedicated, 
universal classification. The AOSpine Thoracolumbar 
Spine Injury Classification System incorporates fracture 
morphology (injury mechanism), evidence of posterior 
ligamentous integrity, neurological status of the patient, 
as well as patient specific modifiers to classify injuries. It 
incorporates and expands on elements of the Magerl clas-
sification system, Denis classification system and Thoraco-
lumbar Injury Classification System (TLICS).4,5 TLICS was a 
milestone, unifying many previous classification systems. 
It was also one of the first in providing treatment guide-
lines, although this provided only definitive recommenda-
tions for clear cases. TLICS has been validated in several 
studies as a reliable classification system in the paediatric 
population.6-8 In a previous study, TLICS and the AOSpine 
Thoracolumbar Spine Injury Classification system has 
been found to corelate when assessed in the peadiatric 
population.9

The lead authors of this study previously assessed the 
inter- and intraobserver reliability of the AOSpine Thora-
columbar Spine Injury Classification System in children 
with a single country cohort of observers.10 The aim of 
this study was to confirm the interobserver reliability and 
intraobserver reproducibility of the AOSpine Thoracolum-
bar Spine Injury Classification System with an interna-
tional cohort of observers when applied to the paediatric 
population on a global level, representing diverse patient 
populations and reviewers with diverse training back-
grounds.

Materials and methods
A retrospective institutional review was performed using 
Boston Children’s Hospital’s internal trauma database. 

Institutional review board approval for this study was 
obtained. Inclusion criteria included patients under the 
age of 18 years who had been treated operatively for a 
thoracolumbar fracture between 2006 and 2016 and had 
available CT scans and MRI.

Imaging records were collected and de-identified. Each 
patient case included plain film radiographs, CT and MRI. 
CT and MRI were exported as cine clips (SYNPASE PACS; 
FUJIFILM Medical Systems USA Inc, Stamford, Connecti-
cut). Each patient case was uploaded to an online survey 
interface (Google Forms; Alphabet Inc, Mountain View, 
California), which were divided into three forms each con-
sisting of sets of patient cases to be reviewed and classified.

Radiographic assessment of thoracolumba spinal inju-
ries using the AOSpine Thoracolumbar Spine Injury Clas-
sification System (A0-4, B1-2 or C) was conducted by 12 
paediatric orthopaedic surgeons (JP, IH, MR, REH, RGO, 
DO, NK, HC, TO, MY, MJ,  and FM) with experience in pae-
diatric spine surgery and paediatric spine trauma. Review-
ers were selected from international academic centres and 
include paediatric surgeons from Australia, Brazil, Can-
ada, Finland, France, Germany, Israel, Japan, New Zealand 
and Turkey. The 12 evaluators classified injuries into three 
primary categories: A, B or C. Injury morphology was clas-
sified as an A injury (compression), B injury (distraction) 
or C injury (translation). For each patient case, if multiple 
injuries were present, the most severe injury was recorded 
and classified. Type A fractures were graded in increasing 
severity as follows: A0 (simple), A1 (compression), A2 
(pincer), A3 (burst involving one endplate) (Fig. 1) and A4 
(burst involving both endplates). Type B fractures include 
classic bony chance (B1), failure of the posterior tension 
band such as horizontal fracture lines through the poste-
rior elements or evidence of posterior ligamentous disrup-
tion (B2) (Fig. 2) and hyperextension injuries (B3). Type 
C fractures/injuries demonstrate dissociation between cra-
nial and caudal segments (Fig. 3). 

In total, 25 patient cases met inclusion criteria and were 
distributed into three forms consisting of eight, eight and 
nine sets of patient imaging. An initial test form was sent 
to familiarize observers with the interface, utilizing a sam-
ple case and imaging. The observers were each provided 
a poster illustration of the classification system as well as 
a video tutorial. In the initial review, each reviewer com-
pleted the three forms. After a one-month interval from 
the initial review, the same patient cases were randomized 
and distributed into three new sets and redistributed for 
repeat review (Fig. 4).

Statistical analysis

Intraobserver reproducibility was assessed for the primary 
classifications using Fleiss’s kappa and sub-classification 
reproducibility was assessed by Krippendorff’s alpha (αk) 
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Fig. 1 CT sagittal image demonstrating A3 injury of the L1 
vertebra.

Fig. 2 MRI STIR (short T1//tau inversion recovery) sagittal 
cut demonstrating L2-3 B2 and L2 A3 injury with posterior 
ligamentous complex disruption.

along with 95% CIs. Interobserver reliability was assessed 
for the initial reading across all 12 observers by Fleiss’s 
kappa coefficient (kF) along with 95% confidence inter-
vals (CIs). For A and B type injuries, sub-classification was 
conducted including A0-A4 and B1-B2 subtypes. Interob-
server reliability across subclasses was assessed using 
Krippendorff’s alpha (αk) along with bootstrapped 95% 
CIs. Interpretations for reliability estimates were based on 
Landis and Koch: 0 to 0.2, slight; 0.2 to 0.4, fair; 0.4 to 
0.6, moderate; 0.6 to 0.8, substantial; and > 0.8, almost 
perfect agreement.11

Results
In all, 25 patients met inclusion criteria. Demographics are 
included in Table 1. Utilizing the AOSpine Thoracolumbar 
Spine Injury Classification System: six patients had type A 
injuries, 15 patients had type B injuries and four patients 
had C injuries. Subtype representation in the patient cases 
are available in Table 2.

Interobserver reliability

Adjusted interobserver agreement for primary classifications 
(A, B and C) was 74% (kF = 0.74; 95% CI 0.71 to 0.78) on 
the initial read, suggesting almost perfect agreement across 
12 observers, with exact, unadjusted interobserver agree-
ment occurring in 44% (11/25) of cases (Table 3). Adjusted 
sub-classification agreement was 68% (αK = 0.67; 95% CI 
0.51 to 0.81), indicating substantial agreement, with exact, 
unadjusted occurring in 16% (4/25) of cases (Table 3).

Intraobserver reproducibility

Adjusted intraobserver agreement for primary classifica-
tions (A, B, C) was 91% (kF = 0.91; 95% CI 0.83 to 0.99), indi-
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Fig. 3 CT sagittal cut demonstrating L2-3 C injury with L2-3 
translation.

cating almost perfect agreement, with exact, unadjusted 
intraobserver agreement occurring in 94% (282/300) 
of ratings across all 12 observers (Table 4). Interobserver 
agreement for each observer ranged from 0.81 to 1.00. 
Adjusted intraobserver agreement for sub-classifications 
was 88% (αk = 0.88; 95% CI 0.83 to 0.93), suggesting 
almost perfect agreement, with exact, unadjusted intraob-
server agreement occurring in 81% (243/300) of cases 

across all 12 observers. Sub-classification interobserver 
agreement for each observer ranged from 0.77 to 0.95 
(Table 4).

Discussion
Thoracolumbar spine trauma classifications have evolved 
and expanded significantly throughout the development 
of spine surgery.1,4 Several studies and classifications 
have been proposed since Böhler in 1929.12 As previously 
noted, TLICs was a pivotal step, uniting key aspects of pre-
vious classifications. By incorporating values on fracture 
morphology, integrity of the posterior ligamentous com-
plex integrity, and neurological status, it also attempted 
to provide treatment guidelines via a point system.3 While 
a step in the right direction, treatment recommendations 
were otherwise unclear when the case was not clearly 
operative or nonoperative.

While exhaustive efforts have been put forth to create 
and validate classifications for thoracolumbar injuries in 
the adult spine, there is no uniform classification system in 
the paediatric population. Additionally, there are no oper-
ative guidelines for children with spinal trauma. Paediat-
ric thoracolumbar fractures are commonly grouped by 
morphology into compression fractures, burst fractures, 
chance injuries and injuries with translation. Many trans-
late the principles of the TLICS to guide treatment in pae-
diatric spine injuries. There are several studies that have 
validated the use of TLICs in the paediatric population.6-8

The AOSpine Thoracolumbar Spine Injury Classifica-
tion System aims to improve and adapt key accepts of 
the classifications that came before it. Building off of the 
AO Magerl classification and TLICS, it is the result of the 
work of surgeons in the AOSpine Classification group in 
the AOSpine Knowledge Forum. The classification ranges 
from simple avulsion fractures of the spine (A0) in a 
patient with no neurological injury to severe translational 
injuries (type C) with complete neurological loss.2,13,14 The 
classification integrates fracture morphology, integrity of 
the posterior ligamentous integrity and the neurological 
status of the patient.

The status of the PLC is a key component of this classi-
fication. Severity of PLC injury is believed to correlate with 
subsequent potential for instability, deformity and neuro-
logical compromise.15,16 CT scans can be used to indirectly 
evaluate PLC integrity; MRI can add accuracy to the assess-
ment.17

The AOSpine Thoracolumbar Spine Injury Classification 
System has previously been found to have good inter- and 
intraobserver reliability and reproducibility in the adult 
population.14,18,19 When evaluating the AOSpine Thora-
columbar Spine Injury Classification System in children, 
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Fig. 4 Study design.

Table 1 Patient, injury, and surgical characteristics (n = 25)

Characteristic Mean/frequency

Mean age, yrs (sd) 13.6 (3.61)
Mechanism of injury, n (%)
Motor vehicle accident 15 (60)
Fall 7 (28)
Sports related 3 (12)
Procedure type, n (%)
Posterior 25 (100)
Injury classification
AOSpine, n (%)
A 6 (24)
B 14 (56)
C 5 (20)

Table 2 Distribution of thoracolumbar injuries (n = 300) for each read

AO classification Read 1, n (%) Read 2, n (%)

A1 7 (3) 6 (3)
A2 5 (2) 10 (4)
A3 55 (24) 49 (22)
A4 56 (25) 56 (25)
A5 5 (2) 5 (2)
B1 37 (16) 37 (16)
B2 69 (31) 70 (31)
B3 1 (0) 3 (1)
C 65 (29) 64 (28)

Table 3 Interobserver reliability across 12 observers

Classification Coefficient 95% confidence interval

Primary classifications (A, B and C) kF
Read 1 0.74 0.71 to 0.78
Read 2 0.73 0.69 to 0.76
All reads 0.74 0.71 to 0.76
Sub-classifications (A0-A4, B1-B2, C) αk
Read 1 0.68 0.51 to 0.81
Read 2 0.65 0.45 to 0.80
All reads 0.67 0.53 to 0.77

αk, Krippendorff’s alpha coefficient; kF, Fleiss’s kappa coefficient

using a single country cohort of observers and the same 
patient series as this study, the results demonstrated high 
interobserver reliability of 82% (kF = 0.82; 95% CI 0.77 to 
0.87) and intraobserver reproducibility of 81% (kF = 0.81; 
95% CI 0.71 to 0.90).10 The results of this study using an 
international group of observers are comparable, with 
interobserver reliability of 74% (kF = 0.74; 95% CI 0.71 to 
0.78) and intraobserver reliability of 91% (kF = 0.91; 95% 
CI 0.83 to 0.99). Given the diverse group of global review-
ers with different patient populations and educational 
backgrounds, the results of this study further strengthen 
the applicability of the AOSpine Thoracolumbar Spine 
Injury Classification System in the paediatric population.

This study was limited by the decreased represen-
tation of certain subtypes, specifically a lack of cases 
demonstrating A1, A2, A3 and B3 subtypes. Addition-
ally, this study focused on fracture pattern without con-
sideration of neurological status, a core component of 
the AOSpine Thoracolumbar Spine Injury Classification 
System.18 Due to the retrospective nature of this study, 
information on neurological status was limited. Addi-
tionally, within this study all patients had a CT and MRI 
scan, which may not always be available. Finally, given 
the age range of the patients in this cohort, our study 
could not account for the anatomic differences of vary-
ing skeletal maturity.

Conclusion

The AOSpine Thoracolumbar Spine Injury Classification 
System shows considerable promise in the paediatric pop-
ulation, potentially obviating the need to create a new 
paediatric classification de novo. This would save both 
time and resources while providing a useful tool for con-
sistent physician communication. Similar to a previous sin-
gle country cohort of observers, the results of this study 
incorporating an global cohort of observers show high 
interobserver reliability and interobserver reproducibility 
when applying the AOSpine Thoracolumbar Spine Injury 
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Classification System to the paediatric population.10 Addi-
tionally, these results are strengthened with the diverse 
group comprising the study observers. Further studies are 
needed to determine the transferability of the AOSpine 
Thoracolumbar Spine Injury Classification System in the 
other anatomical regions of the spine, which are currently 
underway.
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