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Abstract

Study Design: A prospective study.
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Objective: to evaluate the impact of vertebral body comminution and Posterior Ligamentous Complex (PLC) integrity on the
treatment recommendations of thoracolumbar fractures among an expert panel of 22 spine surgeons.

Methods: A review of 183 prospectively collected thoracolumbar burst fracture computed tomography (CT) scans by an
expert panel of 22 trauma spine surgeons to assess vertebral body comminution and PLC integrity. This study is a sub-study of a
prospective observational study of thoracolumbar burst fractures (Spine TL A3/A4). Each expert was asked to grade the degree
of comminution and certainty about the PLC disruption from 0 to 100, with 0 representing the intact vertebral body or intact
PLC and 100 representing complete comminution or complete PLC disruption, respectively.

Results: ≥45% comminution had a 74% chance of having surgery recommended, while <25% comminution had an 86.3% chance
of non-surgical treatment. A comminution from 25 to 45% had a 57% chance of non-surgical management. ≥55% PLC injury
certainity had a 97% chance of having surgery, and ≥45-55% PLC injury certainty had a 65%. <20% PLC injury had a 64% chance
of having non-operative treatment. A 20 to 45% PLC injury certainity had a 56% chance of non-surgical management. There was
fair inter-rater agreement on the degree of comminution (ICC .57 [95% CI 0.52-.63]) and the PLC integrity (ICC .42 [95% CI
0.37-.48]).

Conclusion: The study concludes that vetebral comminution and PLC integrity are major dterminant in decision making of
thoracolumbar fractures without neurological deficit. However, more objective, reliable, and accurate methods of assessment
of these variables are warranted.

Keywords
posterior ligamentous complex, vertebral comminution, thoracolumbar fractures, equipoise study, burst fractures, A3, A4,
computed tomography, magnetic resonance imaging, AO spine thoracolumbar injury classification

Introduction

Despite multiple classification schemes and algorithms, de-
ciding when to operate on thoracolumbar (TL) burst fractures
in neurologically intact patients remains debatable.1 White
and Panjabi et al identified post-traumatic instability in TL
fractures as developing a neurological deficit, bony instability,
or ligamentous instability.2 Therefore, for TL burst fractures
with intact neurology, it is generally agreed that the degree of
bony instability and the integrity of the posterior ligamentous
complex (PLC) are the two critical determinants in decision-
making.3 Nevertheless, the lack of agreed-on criteria for bony
instability or PLC injury may explain why decision-making in
TL burst fractures has been controversial.4,5

The criteria used to indicate bony instability have changed
across various classification systems over the years.6-9

Denis et al. defined bony instability as middle column or
three-column injury.6 The newest AO Spine classification for
TL fractures differentiates the degree of bony instability based
on the presence of superior and inferior endplate fractures
(A4) vs a single endplate fracture (A3), each with associated
posterior body involvement, which differentiates them from
A1 and A2.7 Although vertebral body comminution is though
to predict poor fracture healing and progressive kyphosis, it
was not formally included in the AO Spine classification.7,10 A
possible explanation is the lack of an agreed-upon definition of
vertebral body comminution that mirrors its definition in long
bone fractures as at least three fragments.10 The McCormack
Load-Sharing Classification (LSC) is the only recognized
classification incorporating fracture comminution, besides

fragment diastasis and kyphosis degree, to quantify the se-
verity of vertebral body injury11 A high score on the load-
sharing classification suggested that short-segment posterior
instrumentation might fail. However, the load-sharing clas-
sification has not gained much popularity because of its
complexity and low reliability.12

The posterior ligamentous complex (PLC) represents the
posterior tension bands that protect the spine from excessive
movements and progressive forward bending.4,13 PLC dis-
ruption might result in delayed instability manifested as ky-
phosis, progressive back pain, or even new neurological
deficits; hence, surgical stabilization has been recommended
in these cases.14 The AO Spine Thoracolumbar Injury clas-
sification distinguishes between fractures with and without
PLC disruption: Type B and Type A, respectively.7 The
current AO Spine classification is CT-based, recognizing the
challenges in obtainingMRIs for many centers.7 However, CT
does not allow for the direct assessment of PLC; instead, PLC
injury could be inferred from secondary signs such as facet
diastasis and horizontal laminar or spinous process fracture,
among other findings.15 Because of the limited accuracy and
reliability of PLC assessment in CT, there is often uncertainty
about the PLC status. This uncertainty is reflected in the in-
determinate category (M1 modifier) in the AO Spine Clas-
sification system.7 Therefore, the perceived probability of
PLC injury remains an essential driver for the decision-
making of TL burst fractures and contributes to the contin-
ued controversy surrounding the treatment of these injuries.2

This article investigates how comminution and PLC in-
tegrity, as assessed by an expert panel, influenced treatment
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recommendations in 183 thoracolumbar burst fractures
without a neurologic deficit.

Methods

Study Design

The study is part of a prospective observational study of TL
Fractures, the Spine TL A3/A4 study. For a complete description
of the selection process, inclusion and exclusion criteria, please
refer to the manuscript Dandurand et al. “Understanding Deci-
sion Making as it Influences Treatment in Thoracolumbar Burst
Fractures Without Neurological Deficit: Conceptual Framework
and Methodology” from the same Journal Focus issue.

Assessment of Degree of Comminution and Posterior
Ligamentous Complex Injury Certainty

The 22 Spine Trauma experts with extensive experience
managing spinal trauma were recruited from the AO Spine
Knowledge Forum Trauma (KF Trauma). Each expert panel
member reviewed the DICOM images of the 183 TL fracture
cases and was asked to classify each injury based on the AO
TL Injury Classification system. Each expert was asked to
grade the degree of comminution from 0 to 100, with 0
representing the intact vertebral body and 100 representing

complete comminution. For PLC evaluation, each expert was
asked to quantify how certain they were about the PLC being
disrupted from 0 to 100, with 0 reflecting a completely intact
PLC and 100 representing complete disruption. Finally, they
were asked to recommend treatment – either surgical or non-
operative. These experts were agnostic to the patient’s actual
treatment within the Spine TL A3/A4 study and were also
agnostic to any results of the Spine TL A3/A4 study.

Statistical Analysis

The association of the degree of comminution with fracture
type and the surgical decision was done using the independent
sample test. The distribution of PLC across categories of A3
and A4 was analyzed using the independent samples Mann-
Whitney U test. The interobserver reliability for PLC injury
certainty and degree of comminution was analyzed using Inter
Class Correlation (ICC). The association between PLC injury
certainty or degree of comminution and surgery recommen-
dation was analyzed using Classification and Regression Trees
(CART). The results of CART were cross-validated using the
k-fold cross-validation, where the dataset is split into k equal-
sized folds. The model is trained on k-1 of these folds and
tested on the remaining fold. This process is repeated k times,
with each fold used as the test set once. The results of the k-
tests are then averaged to produce an overall estimate of the

Table 1. Correlation of the Degree of Comminution With Fracture Type and Surgical Recommendation by the Expert Panel.

N Mean Std. Deviation Std. Error Mean

Comminution Primary injury type A3 1831 34.55 15.147 .354
A4 1713 58.07 19.488 .471

Surgery recommendation Yes 2118 56.29 19.487 .423
No 1895 36.34 19.395 .446

Figure 1. Association of the degree of comminution with operative vs non-operative recommendation using classification and regression
trees.
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model’s performance.16 Rstudio and SPSS were used for data
analysis, and P-values of .05 were considered statistically
significant.16 We applied the type of decision tree model,
which is helpful for non-normal distributions of data and
specifically for a binary outcome (the outcome of this study is
recommending surgery or not).

Results

Correlation of the Degree of Comminution (0-100%)
With Fracture Type

The degree of comminution was significantly higher for A4
fractures than A3 (58.0% vs 34.6%, P < .001) and for non-A3/
A4 than A3/A4 fractures (45.9% vs 54.0%, P < .001, Table 1).

Correlation of the Degree of Comminution With
Choosing Surgical Treatment

Fractures recommended for surgical treatment showed a
significantly higher degree of comminution than those rec-
ommended for non-surgical treatment (56.3% vs 36.3%, P <
.001, Table 1). Fractures with ≥45% comminution had a 74%
chance of having a recommendation for surgery, while frac-
tures with <25% comminution had an 86.3% chance of having

a recommendation for non-surgical treatment. Fractures with
comminution from 25 to 45% had a slightly higher chance of
having a recommendation for non-surgical than surgical
treatment (57% vs 43%, Figure 1).

Correlation of the Posterior Ligamentous Complex
Injury Certainty (0-100%) With Fracture Type and
M1 Modifier

A4 fractures were associated with a significantly higher degree
of PLC injury certainty than A3 (30.6% vs 21.16%, P < .001,
Table 2). B and C-type fractures were associated with a
significantly higher degree of PLC certainty than A3/A4 and
A1/2 (86.5% vs 25.28% and 6.6%. respectively, P < .001,
ANOVA). The use of the M1 modifier was associated with a
significantly higher degree of PLC injury certainty than others
(54.6% vs 14.9%, P < .001, Table 2).

Correlation of PLC Injury Certainty (0-100%) With
Choosing Surgical Treatment

Fractures in which surgery was recommended had a signifi-
cantly higher degree of PLC injury than those in which non-
operative treatment was recommended (56.3% vs 36.3%,

Table 2. Correlation of the PLC Injury Certainty With Fracture Type and Surgical Recommendation by the Expert Panel.

N Mean Std. Deviation Std. Error Mean

PLC injury certainty Primary injury type A3 1831 21.09 23.35 .549
A4 1713 30.84 27.29 .659

Surgery recommendation Yes 2118 56.29 19.487 .423
No 1895 36.34 19.395 .446

M1 modifier Yes 2346 14.95 20.47 .421
No 1684 54.57 28.14 .693

Figure 2. Association of the posterior ligamentous complex injury certainty with operative vs non-operative recommendation using
classification and regression trees.
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P < .001, independent sample test). Fractures with ≥55% PLC
injury had a 97% chance of having surgery recommended, and
fractures with ≥45-55% PLC disruption had a 65% chance of
having surgery recommended. Fractures with <20% PLC
injury had a 64% chance of having a recommendation for
non-surgical treatment. Patients with PLC injuries from 20 to
45% had a slightly higher chance of non-surgical than a
surgical recommendation (56% vs 44%, Figure 2).

The correct classification result after cross-validation for
the communication model was 71.3%, and for the PLC model
was 69.5%.

Inter-Rater Reliability Agreement of the Degree of
Comminution and Posterior Ligamentous Complex

There was a fair inter-rater agreement among the 22 expert
reviewers on the degree of comminution (ICC .57 [95% CI
0.52-.63]) and the PLC integrity (ICC .42 [95% CI 0.37-.48]).

Discussion

Key Findings and Interpretations

This study evaluated the influence of vertebral comminution
and PLC integrity on TL burst fracture decision-making
amongst an expert panel of 22 spine surgeons. A high de-
gree of comminution (>45%) or PLC injury (>55%) predicted
a surgical recommendation among the expert panel. In con-
trast, a lower degree of comminution (<25%) or PLC injury
(<20%) predicted a non-surgical recommendation. The in-
termediate degree of comminution or PLC injury (20-45%)
could not differentiate the surgical vs non-surgical treatment
recommendation amongst the panel. The results of this study
confirm the importance of comminution and PLC integrity in
the therapeutic decision-making for TL burst fractures with
intact neurology. Meanwhile highlight the lack of an agreed-
on CT criterion to define PLC integrity or comminution, to
give clear guidance.

Correlation of the Degree of Comminution With
Fracture Type and Surgical Decision

This study’s finding that the degree of vertebral comminution
correlates well with decision-making by the expert group goes
in line with the proposal that comminution predicts poor
fracture healing and the potential for the development of
delayed kyphosis.10 However, the new AO Spine Classifi-
cation of TL burst fractures does not account for vertebral
comminution except indirectly by differentiating between the
A3 and A4 fractures.7 The current AO Spine TL Classification
is simple and reliable for classifying burst fractures to mitigate
the shortcomings of the old AO classification by Magerl.7

However, previous studies failed to show a significant dif-
ference in the operative or non-operative outcome between A3
and A4 fractures.1 The lack of outcome difference might be

explained by the shortcomings of the validation studies or
poor reliability in distinguishing A3 from A4.17,18 Another
possibility is that a single criterion may be insufficient to
encompass the broad injury spectrum of TL burst fractures.19

In that case, additional markers, such as vertebral commi-
nution, may be needed to adequately capture the spectrum of
injury severity and, by extension, to correlate with clinical
outcomes.19 However, a more comprehensive classification
may be associated with poor reliability and practicality.20

How to Incorporate Comminution in Decision-Making

The question of incorporating comminution into classification
schemes persists without a universally accepted definition of
vertebral comminution or a reliable assessment method.10

Defining comminution based on at least 3 fragments, similar
to long bone fractures, may be too simplistic for the cancellous
vertebral body. The load-sharing classification has defined
comminution based on the percentage of comminution in the
sagittal view, fragment diastasis in the axial view, and the
amount of corrected traumatic kyphosis.11 However, the orig-
inal McCormack study’s results were questioned due to the
small number of cases (n = 28) and the use of outdated in-
strumentation techniques.21 The original McCormack study
relied on the amount of corrected kyphosis, i.e., the difference
between postoperative and preoperative kyphosis, which can
not be implemented in preoperative decision-making.11 In 2018
De Lure F et al proposed the ‘‘vertebral body spread”“ to
objectively to evaluate the percentage of vertebral body com-
minution and spreading of the fractured fragments.22 This
method has proved helpful in guiding the decision of whether to
do posterior or circumferential fixation.22 The vertebral spread
method and other artificial intelligence-basedmethodsmay hold
promise for evaluating vertebral comminution in the future, but
they are not being widely implemented in the mean time.

Correlation of the Certainty of Posterior Ligamentous
Complex Injury With Fracture Type and
Surgical Decision

This study found that the perceived probability of PLC injury
correlated well with decision-making, with a higher probability
of PLC injury predicting surgical recommendation and vice
versa. The expert reviewers demonstrated moderate reliability
in estimating the probability of PLC injury and wide variability
in their perceived threshold for PLC certainty in choosing
surgery or conservative treatment. These findings emphasize
the importance of PLC injury in the therapeutic decision-
making for TL burst fractures. Still, itthey highlight the need
for more accurate and objective CT criteria for identifying PLC
injury to improve the decision-making process.23 2 recent
studies proposed an algorithm to predict the probability of PLC
injury based on the number of positive CT findings. More than
2 CT findings yielded a high enough PPV for PLC injury
(91%), warranting its use as a surrogate marker of a likely PLC
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injury or type B injury.15,24 PLC status should be considered
intact or type A if there are no positive CT findings (PPV 9%).
A single CT finding is insufficiently accurate to rule in or rule
out PLC injury and may indicate indeterminate PLC status or
M1 modifier.15 When using these CT criteria in a recent study,
most TL burst fractures (88%) were correctly classified with
CT, with MRI changing the classification to type B in only 12%
of patients.25 Furthermore, the M1 modifier, as defined by a
single CT finding, could predict most of the upgrade from A3/
A4 to type B (26% M1 modifier vs 5% no M1). The M1
modifier can help guide which TL burst fractures require ad-
ditional MRI testing to rule in or rule out PLC injury.22

However, CT-based PLC criteria (Including M1) require
multicenter validation before being widely implemented.26

The previous results imply that confusion about PLC status
on CT images may have overestimated the impact of PLC
injury in the decision-making process around TL burst frac-
tures. The practicalities of MRI for TL burst fractures without
neurological deficits may be simple; MRI can be conducted
non-urgently within days of the injury, ensuring an accurate
PLC evaluation23 Alternatively, standing X-rays may dem-
onstrate kyphosis consistent with a ligamentous injury, or
these patients can be closely observed for their pain and early
development of kyphosis.

Finding a Cut-Off Point of Posterior Ligamentous
Complex Certainty and Comminution to Predict
Surgical Decision

This study demonstrates a strong correlation between low or
high comminution or PLC injury probability and non-surgical
or surgical treatment recommendations. In contrast, inter-
mediate degrees of comminution or PLC injury probability
could not distinguish between surgical and non-surgical
recommendations within the group. This study highlights
the significance of comminution and PLC integrity in the TL
burst fractures decision-making; however, determining a clear
cut-off point to differentiate surgical from non-surgical
treatment may prove more difficult.

Previous TL burst fracture classification schemes at-
tempted a dichotomous separation between stable (complete)
and unstable (incomplete) fractures, for example, A3 and
A4.19 This dichotomous classification disregards the broad
injury severity spectrum and heterogeneity of TL burst
fractures. We may also use graded criteria (unstable, stable,
indeterminate) for every criterion used for classification.19 For
example, based on the findings of this study, we could include
vertebral comminution >45% as an indicator of an unstable
burst, 25% as stable, and between as indeterminate stability.

Strengths and Limitations

The use of CART analysis to examine the association of PLC
or comminution probability with treatment recommendation

has several advantages. CART can handle both categorical
and can be used for classification and regression problems.
Additionally, CART is computationally efficient and can
handle large datasets. CART can handle it.16 One limitation
of the study is that it did not examine the relationship be-
tween comminution or PLC injury and clinical outcomes in
patients treated operatively or non-operatively. In this study,
we graded PLC certainty and comminution on a scale from 0
to 100, with 0 representing intact and 100 representing
complete disruption, to assess the perceived grading by the
reviewers. This grading, however, is subjective and cannot
be implemented to guide the decison making in clinical
practice. However, the subjective evaluation needs to be seen
in the context of the study’s goal; to determine how much
weight an expert panel puts on comminution or PLC as-
sessment and how much they agreed or disagreed, given that
there are no agreed-upon criteria. The study seeks to discover
how expert panels evaluate these characteristics to lead
future studies and maybe improve existing classification
schemes. This study assessed comminution as the sole
measure of bony instability without considering other in-
dicators such as vertebral height loss, kyphotic angle, load-
sharing classification, or canal compromise.27 Initially, the
study refrained from evaluating these radiographic param-
eters due to inherent measurement errors, variations in
measurement methods, and poor reliability. However, on
further discussion within the AO Spine Knowledge Forum
Trauma, it was decided that studying the association of those
parameters with decision-making could lead to a further
depth of understanding. The relatively large number of re-
viewers from diverse regions and cases presents a crucial
strength of this work.

Conclusions

This study evaluated the influence of vertebral comminution
and PLC integrity on decision-making among an expert panel.
A high degree of comminution (>45%) or PLC certainty
(>55%) predicted a surgical decision among the expert panel.
In contrast, a lower degree of comminution (<25%) or PLC
certainty (<20%) predicted the non-operative decision. The
intermediate degree of comminution or PLC certainty (20-
45%) could not discriminate between surgical vs non-surgical
decisions. The study concludes that while comminution and
PLC integrity is essential in decision making, more objective,
reliable, and accurate methods are warranted.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for the
research, authorship, and/or publication of this article: This study was

46S Global Spine Journal 14(1S)



organized and funded by AO Spine through the AO Spine Knowledge
Forum Trauma, a focused group of international Trauma experts. AO
Spine is a clinical division of the AO Foundation, which is an inde-
pendent medically-guided not-for-profit organization. Study support
was provided directly through AO Network Clinical Research.

ORCID iDs

Mohamed M. Aly  https://orcid.org/0000-0001-5221-8288
Charlotte Dandurand  https://orcid.org/0000-0002-4520-6454
Emiliano Vialle  https://orcid.org/0000-0003-1157-4889
Shanmuganathan Rajasekaran  https://orcid.org/0000-0001-6043-
006X
Mohammad El-Skarkawi  https://orcid.org/0000-0001-6177-7145
Rishi M. Kanna  https://orcid.org/0000-0001-5817-4909
Martin Holas  https://orcid.org/0000-0002-3763-8767
Eugen Cezar Popescu  https://orcid.org/0000-0001-5732-5402
Gaston Camino-Willhuber  https://orcid.org/0000-0002-5684-7679
Andrei Fernandes Joaquim  https://orcid.org/0000-0003-2645-0483
Sebastian Bigdon  https://orcid.org/0000-0002-4649-0610
Jose A. Canseco  https://orcid.org/0000-0002-2152-5725

References
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