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Study Design: Retrospective study.
Purpose: To evaluate radiological parameters as indicators for posterior ligamentous complex (PLC) injuries in the case of limited 
availability of magnetic resonance imaging.
Overview of Literature: Traumatic thoracolumbar spinal fractures with PLC injuries can be misdiagnosed on X-rays or computed 
tomography scans. This study aimed to retrospectively assess unrecognized PLC injuries and evaluate radiographic parameters as 
indicators of PLC injuries requiring surgery.
Methods: In total, 314 patients with type A and type B2 fractures who underwent surgical treatment between 2001 and 2010 were 
included. The frequency of misdiagnosis was reassessed, and radiographic parameters were evaluated and correlated.
Results: The average age of the patients was 51.8 years. There were 225 type A3/A4 and 89 type B2 fractures; 39 of the type B2 
fractures (43.8%) had been misdiagnosed as type A fractures. Type B fractures presented with a significantly higher kyphotic wedge 
angle and Cobb angle and a lower sagittal index (SI) than type A fractures. In addition, the normalized interspinous distance was 
higher in type B2 fractures. The significant mathematical indicators for PLC injuries were as follows: Cobb angle+kyphotic wedge 
angle >29°; Cobb angle2 >170°; and vertebral angle/SI >25.
Conclusions: The results demonstrated that PLC injuries are frequently misdiagnosed. Correlations between certain radiological pa-
rameters associated with PLC injuries can be useful indicators of the presence of such injuries requiring surgery.
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Introduction

A multicenter study conducted in Germany found that 

AO type B distraction injuries of the spine represent 
20.9% of all thoracolumbar spinal injuries [1,2]. The post�
traumatic spinal instability due to these AO type B dis�
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traction injuries largely depends on the injury to the pos�
terior ligamentous complex (PLC), which comprises the 
supraspinous ligament, interspinous ligament, ligamentum 
flavum, and facet joint capsules [3,4]. A PLC injury usu�
ally requires surgical intervention to prevent progressive 
and persistent deformity due to the loss of spinal tensile 
strength [4]; therefore, correct interpretation of the spinal 
stability is essential for appropriate treatment. The Magerl 
classification of thoracolumbar spinal fractures has certain 
limitations; therefore, to account for PLC integrity, Vaccaro 
et al. [5] introduced the thoracolumbar injury classification 
and severity score (TLICS). However, in the absence of 
typical radiological findings, such as an interspinous gap or 
a severe dislocation, interpretations of plain radiographs or 
computed tomography (CT) scans can lead to a high rate 
of misdiagnosis and the underestimation of fracture sever� and the underestimation of fracture sever� the underestimation of fracture sever�
ity [4,6]. To focus on possible surgical interventions in the 
case of limited access to magnetic resonance imaging (MRI) 
and indeterminate ligamentous injuries, the AOSpine tho�
racolumbar spine injury classification system included a 
patient�specific modifier (M1) [2]. However, international 
spine surgeons have varied opinions with regard to the 
identification of PLC injuries in patients with presumed 
type A fractures [7].

This study aimed to retrospectively assess the frequency 
of unrecognized PLC injuries in our department and eval�
uate radiographic parameters and algorithms to improve 
the accuracy of PLC injury detection.

Materials and Methods

1. Patients and methods

We retrospectively reviewed data of 317 patients with 
thoracolumbar spinal fractures who underwent surgery 
in our department between 2001 and 2010. During that 
decade, MRI was not used to detect type B2 spinal injuries 
as extensively as it is now. Surgery was performed accord�
ing to the recommendations of the German Society for 
Orthopaedics and Trauma (DGOU) in cases of type A3 
and type A4 fractures (categorized according to the recent 
AOSpine thoracolumbar spine injury classification system 
[2]) with segmental kyphosis of more than 20°, significant 
spinal canal encroachment, or significant vertebral body 
destruction, in addition to type B and type C fractures [8]. 
Specifically, patients with type A3, type A4, and type B2 
fractures were identified, who underwent open dorsal in�

strumentation. (For reasons of simplification, type A3 and 
type A4 fractures will be referred to as type A fractures 
throughout the report.) Patients with type C fractures, tu�
mors, or infections were excluded from the study. There�
fore, the actual number of patients was 314.

In part 1 of the study, we reassessed the documented 
pre� and intraoperative classifications of the fractures in 
the medical records in order to identify patients who were 
intraoperatively reclassified from type A to type B2 during 
open dorsal instrumentation and thereby determine the 
frequency of unrecognized PLC injuries.

In part 2 of the study, two experienced spine surgeons 
and one experienced radiologist used picture archiving 
and communication system�implemented measuring 
tools to classify the fractures and analyze the preoperative 
anteroposterior and lateral radiographs and CT scans with 
reconstruction images. We evaluated the established ra�
diographic parameters [3,9]: (1) The kyphotic wedge angle 
was formed by lines drawn parallel to the upper and lower 
endplates of the fractured vertebra (Fig. 1); (2) the sagittal 
index (SI) was defined as the ratio of the anterior (a) and 
posterior (b) vertebral body heights (SI=a/b) (Fig. 1); and 
(3) the modified Cobb angle of Daniaux was formed by 
lines drawn parallel to the upper endplate of the cephalad 
vertebra and a line drawn parallel to the lower endplate of 
the caudal vertebra (Fig. 2). A previous study described 
the interspinous distance (ID) as a radiographic sign of 
a PLC injury [5]. In this study, according to the report of 

Fig. 1. Sagittal index: ratio between anterior (a) and posterior (b) ver-
tebral body height (sagittal index=a/b). Kyphotic wedge angle=α.
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Hiyama et al. [10], we evaluated the normalized ID as the 
distance of the spinous processes of the injured segment (s) 
normalized to the distance of one caudal segment (c) and 
expressed it as a percentage (ID [%]=s/c) (Fig. 2).

Statistical analyses were conducted with IBM SPSS for 
Windows ver. 21.0 (IBM Corp., Armonk, NY, USA), Stu�
dent t�test, and analysis of variance. All p<0.05 were con�ere con� con�
sidered statistically significant.

In part 3 of the study, we performed Pearson correla�
tion analysis and evaluated combinations of radiographic 
parameters in mathematical formulas in order to increase 
the accuracy of PLC injury detection.

2. Ethical approval

All procedures performed in studies involving human 

participants were in accordance with the ethical standards 
of the institutional and/or national research commit�
tee and with the 1964 Helsinki declaration and its later 
amendments or comparable ethical standards. For this 
type of study, formal consent is not required. This study 
was approved from the Ethics Committee of the Lande�
saerztekammer of Rhineland�Palatinate, Mainz, Germany 
(approval no., 837.088.07 from 03 April 2007).

Results

In this study, a total of 317 patients underwent surgery for 
thoracolumbar spinal fractures between 2001 and 2010. 
The classification of the injuries according to the TLICS [5] 
revealed 225 type A fractures, 89 type B2 fractures, and 
3 type C fractures (which were excluded from the study). 
The average age of the 176 male (56%) and 138 female 
(44%) patients was 51.8 years (range, 20–88 years).

A review of the patients’ pre� and postoperative medi�
cal records indicated that 39 of the 89 type B2 fractures 
(43.8%) were initially misclassified as type A fractures and 
were not correctly identified until surgery. Radiological 
analysis revealed a significantly higher mean kyphotic 
wedge angle of 18° (standard deviation [SD], ±7.4°] for 
type B2 fractures relative to the corresponding kyphotic 
wedge angle of 11.1° (SD, ±6.0°) for type A fractures (Fig. 
3A). In addition, the mean Cobb angle was significantly 
higher for type B2 fractures (16.85°±5.99°) than for type A 
fractures (10.38°±7.81°) (Fig. 3B). Vertebral heights were 
significantly reduced to a mean SI of 0.63 (SD, ±0.24) for 
type B2 fractures compared to 0.73 (SD, ±0.14) for type 
A fractures (Fig. 3C). The normalized ID was found to be 
108% for type B2 fractures and 101% for type A fractures; 
this difference was not significant.

In this study, Pearson correlation analysis revealed a 
significant positive correlation between kyphotic wedge 

Fig. 2. Cobb angle=α. Normalized ID: distance of the spinous process 
at the injured segment (a) normalized to the distance of one caudal 
segment (b) and expressed as a percentage (ID [%]=a/b). ID, interspi-
nous distance. 
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Fig. 3. Radiological parameters of type A and type B fractures: (A) kyphotic wedge angle, (B) Cobb angle, and (C) Sagittal index.
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angle and Cobb angle in all types of fractures (p<0.01). 
The SI showed a significant negative correlation with the 
kyphotic wedge and Cobb angles for both type A and type 
B2 fractures (p<0.01).

The next step was to mathematically combine the pa�
rameters to find the highest odds ratios (ORs) for the pre�
diction of PLC injuries (Table 1). First, we added up the 
parameters, and the OR was found to be 6.9 for the sum 
of Cobb and kyphotic wedge angles; analysis of fracture 
types showed that (Cobb angle+kyphotic wedge angle) 
>29° for 25% of type A fractures and 75% of type B2 frac�
tures (Fig. 4). To give each parameter a higher weighting, 
next, we squared the parameters, and the OR was found 
to be was 3.5 for the square of the Cobb angle; analysis 
of fracture types showed Cobb angle2 >170° for 25% of 
type A fractures and 75% of type B fractures (Fig. 5). For 
the SI, we performed more basic calculations until the 

kyphotic wedge angle divided by the SI showed the high�
est OR of 4.5; analysis of fracture types showed kyphotic 
wedge angle/SI >25 for 25% of type A fractures and 75% 
of type B2 fractures (Fig. 6).

Discussion

The various classification systems for thoracolumbar 
spinal fractures are intended to facilitate surgeons’ treat�
ment decisions by providing correct assessments of spi�
nal instability. The TLICS uses an additional modifier to 
emphasize the key role of PLC integrity [5,8]. However, 
if the classification pathologies are identified on plain 

Table 1. Odds ratios for mathematical combinations of radiological 
parameters for the prediction of posterior ligamentous complex inju- for the prediction of posterior ligamentous complex inju-for the prediction of posterior ligamentous complex inju-
ries

Mathematical combination Odds ratio

Cobb angle+kyphotic wedge angle (°) 6.9

Cobb angle+Cobb angle (°) 2.3

Kyphotic wedge angle+kyphotic wedge angle (°) 2.8

Cobb angle2 (°) 3.5

Kyphotic wedge angle2 (°) 2.6

Kyphotic wedge angle/sagittal index 4.5

Cobb angle/sagittal index 2.2
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Fig. 4. Correlation of a radiological parameter of type A and type B 
fractures: Cobb angle+kyphotic wedge angle.

Fig. 5. Correlation of a radiological parameter of type A and type B 
fractures: Cobb angle2.
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Fig. 6. Correlation of a radiological parameter of type A and type B 
fractures: kyphotic wedge angle/SI. SI, sagittal index.
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X�rays or CT scans, evaluating PLC integrity in primary 
discoligamentous injuries still remains difficult. Leferink 
et al. [6] retrospectively evaluated 160 patients with 49 
type B fractures for whom plain X�rays and CT scans with 
two�dimensional reconstructions had been used as pre� reconstructions had been used as pre�
operative diagnostic tools. They found that approximately 
30% of the type B fractures had been misdiagnosed pre�
operatively. Schnake et al. [11] observed that 41.9% of 93 
type B injuries in a group of 361 patients were not recog�
nized. These results are consistent with our misdiagnosis 
frequency of 43.8%. In a retrospective study involving 65 
patients and 85 vertebral fractures, Schröder et al. [12] 
demonstrated the advantage of using postprocessing algo�
rithms in multidetector CT: the percentage of incorrectly 
classified type B fractures was reduced to 12.5%.

On the basis of early biomechanical and clinical studies, 
a loss of vertebral body height of >50%, kyphosis of the 
thoracolumbar junction of >20°, or increased ID implies a 
PLC injury [4,10,13,14]. For example, Schnake et al. [11] 
observed a reduction in the anterior vertebral body height 
and a segmental angle of >15° in 31% and 44% of type B 
fractures, respectively; in 29% of the examined cases, typi�
cal PLC injury indicators were absent. Hiyama et al. [10] 
evaluated associations between radiological parameters in 
40 thoracolumbar burst fracture cases involving potential 
PLC injuries that were diagnosed using MRI. The authors 
demonstrated that local kyphosis of >20° and increased 
ID correlated with PLC injury. Our results of a kyphotic 
wedge angle of 18°, a Cobb angle of 17°, and a reduction 
in vertebral body height to 63% were significantly cor�
related with PLC injury, whereas there was no significant 
difference in the ID between type A and type B fractures.

Part 3 of this study was distinct from prior investiga�
tions in that to increase the accuracy of potential PLC 
injury detection, radiological indicators were correlated 
and combined in mathematical terms. The results dem� combined in mathematical terms. The results dem�
onstrated that local kyphosis and a reduced vertebral 
body height appear to have a high predictive value. 
However, we could not evaluate a clear, simple formula 
for definitively identifying PLC injuries. To date, MRI is 
recommended for assessment of PLC injuries because of 
its high sensitivity (79%–100%) [5,10], although reports 
of low specificity and low interobserver reliability sug� and low interobserver reliability sug� low interobserver reliability sug�
gest potential overdiagnosis and overtreatment of PLC 
injuries [10,15�17]. Additional disadvantages of MRI are 
its limited availability and high cost; according to the Or�
ganization for Economic Cooperation and Development, 

60% of MRI devices annually sold worldwide are bought 
in the United States and Japan [18]. As a result of these 
limitations regarding MRI, recent studies have evaluated 
ultrasound as a feasible tool for detecting PLC injuries 
and have reported achieving ultrasound sensitivity close 
to that of MRI [19,20].

Our study had a few limitations. The sample size was 
small (n=314), the number of observers was small (n=3), 
and our focus was on operative cases alone, which could 
have biased evaluations because of the greater severity of 
such cases. Future follow�up investigations involving both 
non�operative and operative cases are required in order to 
evaluate parameters with the highest reproducibility and 
reliability and therefore improve precision and agreement 
among spine surgeons.

Conclusions

Correct diagnosis of PLC injuries is important for select�
ing the appropriate treatment of thoracolumbar spinal 
fractures, but these injuries are frequently unrecognized 
by using plain X�rays and CT scans. In the absence of 
MRI, spine surgeons should assess established radiologi�
cal parameters, such as a high kyphotic wedge angle, a 
high Cobb angle, and a low SI. In addition, mathematical 
correlations of these parameters can also be a helpful tool 
to determine the requirement of surgical treatment in pa�
tients with thoracolumbar spinal fractures.
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