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Abstract
Purpose We aimed to formulate a radiological index based on
plain radiographs and computer tomography (CT) to reliably
detect posterior ligamentous complex (PLC) injury without
need for MRI.
Methods Sixty out of 148 consecutive thoracolumbar fractures
with doubtful PLC were assessed with MRI, CT and radiographs. PLC injury was assessed with the following radiological parameters: superior-inferior end plate angle (SIEA), vertebral body height (BH), local kyphosis (LK), inter-spinous distance (ISD) and inter-pedicular distance (IPD) and correlated
with MRI findings of PLC injury. Statistical analysis was performed to identify the predictive values for the parameters to
identify PLC damage.
Results MRI identified PLC injury in 25/60 cases. The ISD
and LK were found to be significant predictors of PLC injury.
On radiographs the mean LK with PLC damage was 25.86°
compared to 21.02° with an intact PLC (p = 0.006). The ISD
difference was 6.70 mm in cases with PLC damage compared
to 2.86 mm with an intact PLC (p = 0.011). In CT images, the
mean LK with PLC damage was 22.96° compared to 18.44°
with an intact PLC ( p = 0.019). The ISD difference was
3.10 mm with PLC damage compared to 1.62 mm without
PLC damage (p = 0.005).
Conclusions On plain radiographs the presence of LK
greater than 20 °(CI 64–95) and ISD difference greater
than 2 mm (CI 70–97) can predict PLC injury. These
guidelines may be utilised in the emergency room especially
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when the associated cost, availability and time delay in
performing MRI are a concern.
Keywords Posterior ligamentous complex . Thoracolumbar
fractures . Interspinous distance . Local kyphosis . Spinal
deformity

Introduction
The treatment strategies of thoracolumbar fractures are largely
based on the classification systems which have undergone
periodic change with the better understanding of the biomechanics of the spine [1–5]. Most of the recent classification
systems have stressed on the importance of assessing the integrity of the posterior ligament complex (PLC) for assessment of instability [6–9] as these injuries are unstable and
can result in late onset progression of deformity with poor
functional outcomes [6, 7].
PLC injury as an independent factor in consideration of
treatment, was first instituted by Vaccaro et al. in the
thoracolumbar injury classification [8, 9]. The recent AO
spine thoracolumbar fracture classification has also incorporated tension band failures as a part of type B injuries [10, 11].
MRI is the modality of choice for the imaging and confirmation of PLC injury [12–15]. Hyperintense signal changes on
short tau inversion recovery (STIR) images can accurately
identify PLC injury complex [5, 12, 15]. Use of an MRI in
the primary assessment of a thorocolumbar fracture is not a
routine standard of care in most trauma centres for reasons of
availability, increased cost and difficulties of an MRI in acute
trauma settings and in the presence of polytrauma [16–19].
In the absence of an MRI the chances of a missed PLC
injury with a poor clinical result remain high. We probed the
possibility of identifying a PLC damage reliably using plain
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radiographs and CT scan parameters so that the assessment
and treatment can be optimised even in the absence of an MRI.

Methods
The study was approved by the institutional review board and
performed in accordance with the ethical standards of the
1964 Helsinki declaration and its later amendments or
comparable ethical standards. Plain radiographs, CT scans
and MRI of 148 consecutive patients with thoracolumbar
fractures (T11–L2) admitted to a tertiary care spine unit
between January 2013 and March 2015 were analysed in
the study. Exclusion criteria were (a) pathological fractures,
(b) multilevel contiguous and non-contiguous injuries, (c)
fractures with obvious spinous process split indicating tension
band failure, and (d) fractures with translation injuries or dislocations (Fig. 1) which imply an obvious PLC injury [15].
After exclusion of the above, a total of 60 cases were selected
for final analysis.
MRI was used as a reference standard to assess the
presence or absence of PLC injury. The PLC complex
includes the following structures: supraspinous and
interspinous ligaments, facet capsules and ligamentum
flavum. T2weighted images were assessed for the presence
of hyperintense signal changes in the PLC complex and
hyperintense signal change in the fat suppressed images
(Fig. 2). The PLC complex integrity was ascertained on
independent evaluation of the MRI by a radiologist and a
spine surgeon using a 1.5 T MRI (Magnetom Symphony
Seimens, Germany).The inter-observer reliability was found
to be good (K - 0.80). Discrepancies were settled by mutual

Fig. 1 Exclusion criteria. (a) CT
image showing obvious PLC
injury indicated by spinous
process split fracture. (b) CT
image showing obvious PLC
damage indicated by translational
injury
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consent. Plain radiographs and mid-sagittal CT scans were
assessed for the following parameters:
(1) Superior inferior end plate angle (SIEA): The angle
formed between the lines drawn along the superior and
inferior end plate of the fractured vertebra (Fig. 3).
(2) Vertebral body height (BH): The vertebral body height
was measured at two locations; first along the anterior
vertebral body margin between the anteriosuperior corner and the anteroinferior corner of the fractured vertebral body and second along the posterior vertebral body
margin between the posteriosuperior corner and the
posteroinferior corner of the fractured vertebral body.
The loss in body height was assessed by comparing the
fractured body height with the mean dimensions of the
uninvolved superior and inferior vertebral body (Fig. 3).
(3) Local kyphotic deformity (LK): The angle formed between the lines drawn along the superior end plate of
the cephalad and the inferior end plate of the caudal
uninvolved vertebra (Fig. 3).
(4) Interspinous distance (ISD): The distance between the
spinous process of the cephalad normal vertebra and
the fractured vertebra measured at the midpoint of the
spinous process; this distance was compared with the
caudal uninvolved segment (Fig. 3).
(5) Interpedicular distance (IPD): This was measured as the
distance between the medial borders of the two pedicles
of the fractured vertebra. This was compared to mean of
the uninvolved adjacent segment cephalad and caudal to
the fractured segment. Measurements were done on
PACS using VEPRO software. These parameters were
analysed to predict PLC injury when compared with
MRI diagnosed PLC injury.
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Fig. 2 MRI images. (a) T2
weighted sagittal section image
showing hyperintense signal
(white arrow) change extending
across from the ligamentum
flavum, interspinous ligaments
and supraspinous ligaments. (b)
Fat suppressed (STIR) images
showing disruption of the PLC
complex (white arrow) including
ligamentum flavum, interspinous
ligaments and supraspinous
ligaments

Statistical analysis

Analysis of plain radiographs for LK and ISD

The five variables LK, SIEA, BH (at anterior and posterior
locations), IPD and ISD were statistically tested for their
individual contribution to the assessment of PLC status.
Significant variables, at p < 0.05, were chosen for further
analysis. Sensitivity, specificity, and positive predictive value
(PPV) at various cut-offs were calculated along with percentage of failures within and at various small ranges to
measure chance of failure. An ROC curve was then utilised
to calculate the approximate probability of PLC damage
at different ranges of measurement values for each of
the parameter studied. A combinatorial analysis was also performed, where either of the factors (deformity or ISD) was
present and for when both the factors were simultaneously
present.

The mean LK for the PLC injured group was 25.86° when
compared to mean LK of 21.02° in the PLC intact group
(p = 0.006). The mean ISD for the PLC injured group was
6.7 mm compared a to mean ISD of 2.86 mm for the PLC
intact group (p = 0.01). Assessing LK and ISD as individual
factors the sensitivity for LK of 20 ° had a sensitivity of 85 %
and a specificity of 33 % to identify PLC injury. With progressive increase of LK angle to 30° showed an increase in specificity to 97 % and sensitivity of 35 %. Considering ISD as an
individual factor, an increase of 2 mm compared to the uninvolved distal segment was associated with a sensitivity of
90 % and specificity of 36 %. When considering presence of
both factors of LK greater than 20° and ISD greater than
2 mm, sensitivity was 75 % and specificity was 53 %.
Analysis of CT scan for LK and ISD

Results
A total of 148 consecutive thoracolumbar spine fractures
(T11-L2) were seen during the study period. There were 124
males and 24 females. The mean age was 40 years (range 15–
66 years). There were 40 cases with translational injuries/
fracture dislocations; 39 cases with multilevel injuries and
nine cases with obvious spinous process fractures. After exclusion 60 cases were included in the final analysis. MRI
identified 25 cases with features of PLC injury. Among the
five parameters assessed LK and ISD were found to have a
positive correlation in identification of PLC injury on both
plain radiograph and CT scan (Tables 1 and 2).

The mean LK for the PLC injured group was 22.96° when
compared to mean LK of 18.44° in the PLC intact group
(p = 0.01). The mean ISD for the PLC injured group was
3.10 compared to mean ISD of 1.62 mm for the PLC intact
group (p = 0.005). Assessing LK of 20 degrees, as an individual factor had a sensitivity of 76 % and a specificity of 54 % to
identify PLC injury. With progressive increase of LK angle to
30° showed an increase in specificity to 97 %. Considering
ISD as an individual factor, an increase of 2 mm compared to
the uninvolved distal segment was associated with a sensitivity of 60 % and specificity of 57 %. When considering presence of both factors of LK greater than 25° and ISD greater
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Fig. 3 (a) Mid-sagittal cut of the CT spine showing the superior inferior
end plate angle (SIEA) subtended between white lines and local kyphosis
(LK) angle subtended between black lines. (b) Mid sagittal cut showing
the anterior body height measured by (white lines with asterix) and

posterior body height measured by (white lines). The interspinous
distance measured by black lines. (Note similar measurement were
performed on the plain radiographs as well)

than 2.5 mm the specificity was 97 %. The plot for the percentage of cases with PLC injury against the various ranges of
LK and ISD intervals when measured on CT images, indicated
an increase at LK of 20° and ISD of 2 mm (Fig. 4).

of high velocity injuries such as motor vehicle accidents and
fall from heights [20–23] and have concomitant injuries in
other regions in up to 50 % of cases [23].
Surgeons all over the world have strived for a classification
system that will help them provide a common language of
description, assess instability and provide treatment guidelines
for thoracolumbar fractures [1–4, 9, 11]. The recent classification published by the Spine Trauma Study Group and AO
Spine Thoracolumbar Injury Classification provides importance to the integrity of the PLC complex [9, 11]. PLC injury
makes the injury unstable and its integrity has a bearing on the
final plan of treatment in thoracolumbar fractures [6, 7, 9].
Smith et al. have noted that the PLC damage is an important
factor to consider in thoracolumbar fractures because of the

Discussion
Thoracolumbar fractures constitute 50–60 % of all spinal injuries and incidence rates for thoracolumbar fractures have
been quoted as 30–60/1,00,000 population [20, 21].
Thoracolumbar fractures are the most frequent spinal fractures
noted in clinical practice and 60 % of these injuries affect the
transitional zone from T10-L2 [22]. These injuries are results

Table 1 Results for the variables
when assessed on plain
radiographs

Measurement

PLC injury

Number

Mean

Std. Deviation

P-value

SIEA angle (degrees)

No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes

35
25
35
25
35
25
35
25
35
25
35
25

17.99
22.62
21.02
25.86
53.4
49.2
15.1
11.5
18.9
19.1
2.86
6.70

8.43
8.51
5.85
6.02
13.0
12.7
10.9
8.9
16.0
13.5
1.98
6.01

0.057

LK deformity angle (degrees)
BH anterior
BH posterior
IPD (mm)
ISD (mm)

* 0.006
0.244
0.190
0.955
* 0.011

PLC posterior ligament complex, SIEA superior inferior end plate angle, LK local kyphotic deformity, BH body
height, IPD interpedicular distance, SSD supra spinous distance, ISD interspinous distance
Angles are measured in degrees, distance in millimetres, and body height has been expressed as a percentage of
reduction compared to adjacent uninvolved segment.
* Statistical significance at p < 0.05
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Table 2 Results for the variables
when assessed on CT images
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Measurement

PLC injury

Number

Mean

Std. Deviation

P-value

SIEA angle (degrees)

No

35

14.76

7.64

0.071

Yes

25

18.38

7.43

LK Deformity angle (degrees)

No
Yes

35
25

18.44
22.96

7.03
7.18

* 0.019

BH anterior

No

35

38.6

13.70

0.559

Yes

25

40.73

13.96

BH posterior

No
Yes

35
25

11.37
9.66

9.38
4.79

0.361

IPD (mm)

No
Yes

35
25

19.01
19.42

10.98
10.91

0.887

ISD (mm)

No

35

1.62

1.16

* 0.005

Yes

25

3.10

2.24

PLC posterior ligament complex, SIEA superior inferior end plate angle, LK local kyphotic deformity, BH body
height, IPD interpedicular distance, SSD supra spinous distance, ISD interspinous distance
Angles are measured in degrees, distance in millimetres, and body height has been expressed as a percentage of
reduction compared to adjacent uninvolved segment.
* Statistical significance at p < 0.05

biomechanical stresses affecting this transition zone [7]. The
disruption of the posterior ligamentous structures not only
makes the injury unstable but also has an implication in
deciding the need for surgical stabilisation and may influence the surgical approach [6]. PLC is a relatively avascular structure and is considered to have low healing potential; thus injury to the PLC complex may be better treated
with surgical intervention [7]. This growing understanding
of the importance of PLC, has resulted in its incorporation
into recent classification systems, and accurate identification of a PLC injury is necessary to formulate appropriate
treatment strategies.
In a survey conducted among the spine trauma study group
members vertebral body translation, diastases of facets on CT
scan and interspinous widening greater than 7 mm were rated
highest by members to indicate PLC damage [15]. In absence
of such plain radiographic/CT scan findings, identification of
PLC injury becomes difficult and MRI is considered to be
essential for PLC assessment [13].
MRI has shown to be highly sensitive for detection of PLC
injury [4, 5, 24–26]. Lee reported on reliability of MRI to
identify PLC injury and concluded that MRI is highly sensitive, specific and accurate investigation for identifying PLC
injury [24]. Crosby et al. compared inter-observer variation
between surgeon, radiologist and resident trainees in identifying PLC injury using MRI and found it to be an accurate
investigation irrespective of years of training [12].
Rihn et al. noted that MRI was highly sensitive but had
a poor positive predictive value suggesting a high number
of false positives. They concluded that surgical decisions purely
based on MRI assessment of PLC may lead to unnecessary

surgical procedures [26]. In a critical appraisal of literature on
assessment of PLC damage, authors concluded that MRI has a
tendency to overestimate PLC damage and have raised concerns over MRI being used as a reference standard for diagnosis
of PLC damage [27].
Though MRI can be considered to be highly sensitive for
identification of PLC injury, use of MRI as a standard of care
in patients with thoracolumbar injuries, especially without a
neurological involvement, is not universal. Routine use of
MRI in the acutely injured patient has many drawbacks and
limitations [16]. The cost of an MRI and availability are major
logistical problems. The time required to complete the imaging sequence compared to CT scan is considerably longer,
thus precluding the routine use of MRI in the assessment of
PLC especially in the unstable patient [16].
Computer tomography is now considered the investigation
of choice in the diagnosis of spine fractures [17–19]. Brown
evaluated 3,537 cases of blunt spinal trauma with spiral computer tomography and noted that 99.3 % of all spinal fractures
were accurately identified [18]. Wurmb reported on diagnostic
work-up time in patients with multiple injuries and concluded
that mulitslice helical CT shortens time to diagnosis and may
be considered first line diagnostic modality in polytrauma patients [17]. Considering that CT scans are accurate in identifying spine fractures, a predictive index for PLC injury on CT
scans would be valuable.
We analysed five variables on CT scan and plain radiographs and found statistically significant values for predicting
PLC injury for LK and ISD using both investigational modalities. When considering LK as an individual factor the sensitivity for LK of 20 ° was 76 % for CT scans and 85 % on plain
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Fig. 4 (a) Analysis of CT images for local kyphotic deformity. The graph
shows the percentages of PLC failures within various deformity ranges.
Marked diamond plots show data labels indicating number of PLC
failures/total number of cases within respective ranges. The curve shows
an increase in percentage of PLC injuries beyond 20° of local kyphotic
deformity. (b) Graphical plot for analysis of CT images for
interspinous distance. The graph shows the percentages of PLC
failures within various ranges of increased interspinous distance
compared to the uninvolved distal segment. Marked diamond plots
show data labels indicating number of PLC failures/total number of
cases within respective ranges. The curve shows an increase in
percentage of PLC injuries beyond ISD greater than 2 mm compared to
distal uninvolved segment

radiographs. The local kyphotic deformity variable is affected
in both AO type A3 and A4 fractures where PLC may be
intact and in cases with posterior tension band failures as seen
in AO type B1 and B2 injuries. AO type A3 and A4 may have
significant fracture of the vertebral body which may account
for increased deformity angle. When considering a cut off of
20 °, these fractures form the false positives resulting in lower
sensitivity.
Considering ISD as an individual variable the sensitivity
for ISD of 2 mm from the uninvolved adjacent segment was
60 % on CT scan and 90 % for radiographs. Any widening on
the ISD would typically be associated with AO B1 and B2
injuries with PLC damage. AO A3 and A4 injuries with intact
PLC are less likely to show widening of the ISD. Considering
this fact, ISD would be specific to identifying PLC injury. The
specificity of ISD of 2 mm was 57 % for CT scan and 36 % for
plain radiographs. When the ISD increased to 3 mm the

specificity increased to 83 % for CT scan and 56 % for plain
radiographs. This specificity increases to over 90 % at ISD
over 4 mm.
Variations were noted in the measurements for BH, ISD
and IPD comparing radiographs and CT images. However as
these variables are relative measurements, measured in comparison with the adjacent uninvolved segments, the differences were not apparent in the final results. These variations
can be ascribed to more accurate delineation of bony structure
detail on CT images and difficulty in accurately delineating
the borders of the posterior elements on plain radiographs.
From this study, it appears that findings on plain radiographs
may be sufficient to satisfactorily predict PLC damage; however, CT does offer improved visualisation of posterior elements such that more accurate assessment of the interspinous
widening can be performed. Under these circumstances, identification of a 2-mm discrepancy between the interspinous
distances on CT scan may be better justified.
There are some limitations to this study; manual measurements have the element of human error and an automated
software tool may improve the results. Also, it will be useful
if these predictive values can be validated with intra-operative
confirmation in a larger cohort in a future study.

Conclusion
Our study has been successful in formulating a predictive
radiological index to identify PLC damage. On plain radiographs the presence of kyphosis greater than 20 ° has a sensitivity of 85 % (confidence interval 64–95), and interspinous
distance difference greater than 2 mm has a sensitivity of
90 % (confidence interval 70–97). We suggest that emergency room assessment which shows deformity greater
than 20° and ISD greater than 2 mm on plain radiographs
or CT images may be considered indicators of probable
PLC injury. These guidelines may be utilised in the emergency room decision making especially when the associated
cost, availability and time delay in performing MRI are a
concern in a patients with polytrauma.
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