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Background and Aim: Diagnosing the status of the Posterior Ligament Complex (PLC) plays an 
essential role in the management of patients with thoracolumbar fractures. In this study, due 
to the inefficiency of existing imaging modalities in the accurate detection of PLC damage, we 
investigated the relevance of some imaging parameters to specific guidelines for rapid PLC injury 
detection. 

Methods and Materials/Patients: In this study, 50 patients with and 50 patients without PLC injury 
were included. MRI, CT scan, and radiographic imaging of the thoracolumbar spine (T12-L1) were 
evaluated. The thoracolumbar injury classification systems such as Denis, TLICS (Thoracolumbar 
Injury Classification and Scoring System), and McCormack Load Sharing and radiographic 
parameters such as Superior Inferior Endplate Angle (SIEA), Body Height (BH), Local Kyphosis (LK), 
Interspinous Distance (ISD), and Interpedicular Distance (IPD) were investigated in these patients 
for each imaging method. Statistical analysis was performed using SPSS V. 21 software.

Results: The ISD and LK and BHp (Body Height Posterior) were significant predictors of Posterior 
Ligamentous Complex (PLC) injury. On radiographs, the mean LK with and without PLC damage 
was 25.67° and 20.92°, respectively (P<0.001). The ISD difference was 6.75 mm in cases with PLC 
damage and 2.84 mm in cases with an intact PLC (P<0.0001). In CT images, the mean LK was 25.77° 
in cases with PLC damage and 18.63° in cases with an intact PLC (P<0.037). The ISD difference was 
4.14 mm in patients with PLC damage and 2.19 mm in patients without PLC damage (P<0.002). 
The BHp difference was 9.44 mm in cases with PLC damage and 11.09 mm in cases without PLC 
damage (P<0.002).

Conclusion: The current study suggests formulating a predictive radiological index to identify PLC 
injury successfully. These guidelines can be very helpful in emergency room decision-makings, 
especially when the cost, availability, and time of performing MRI are important concerns in 
patients with multiple trauma.
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1. Introduction

he thoracolumbar junction (T10-L2) is 
the most common fractured region in 
spinal injury. This junction endures the 
skeletal load under high pressure. In-
creased spinal mobility in the thoraco-
lumbar zone makes it highly vulnerable. 

Thoracolumbar fractures comprise more than half of 
spinal fractures. The annual incidence of thoracolumbar 
fractures has been reported 30-60 per 100,000 inhab-
itants [1, 2]. The overall prevalence of thoracolumbar 
fractures is higher in men, more frequent between the 
ages of 18-49 years old [3]. Generally, about 50% of tho-
racolumbar fractures are unstable and are associated 
with neurological deficits and deformity in these pa-
tients [4]. Furthermore, thoracolumbar fractures often 
occur as a result of high-energy impacts such as traffic 
accidents and falling from a height. 

The most frequent type of thoracolumbar fractures is 
burst fractures. They are primarily considered more se-
vere than other fracture types which help to accurately 
predict spinal instability and deformity and neurological 
deficits [5, 6]. There are various classification systems 
for evaluating thoracolumbar fractures, nonetheless, 

there is a lot of emphasis on new systems such as the 
Thoracolumbar Injury Classification and Scoring System 
(TLICS) and the McCormack Load Sharing Classification 
(LSC), and on the role of the posterior ligament complex 
in vertebral stability [7, 8]. 

The posterior ligament complex consists of structures 
such as supraspinous ligaments, interspinous ligamen-
tum, articular capsule, and ligamentum flavum. These 
ligaments play a supporting role in the resistance and 
stability of the vertebral column. Nevertheless, accurate 
detection of the severity of Posterior Ligamentous Com-
plex (PLC) injury remains dubious [9-11]. Primarily, the 
diagnosis of unstable thoracolumbar fractures is very 
critical for prescribing the appropriate treatment (sur-
gical or non-surgical) which is required to prevent ver-
tebral column deformity and secondary neural deficit. 
Therefore, the precise determination of the extent of 
posterior ligament complex injury is a key factor in the 
management of these patients. 

Radiologic parameters are an important principle for 
the diagnosis, classification, prognosis, spine stabil-
ity, and finding the optimal treatment (conservative or 
surgical) which are currently interpreted based on the 
spine surgeon experience. Radiological imaging is very 

T

Highlights 

● The current study suggests formulating a predictive radiological index to identify PLC injury successfully.

● We found that LK >25 degrees, ISD >4 mm parameters significantly predicted PLC injury. 

● These guidelines can be very helpful in emergency room decision-makings, especially when the cost, availability, 
and time of performing MRI are important concerns in patients with multiple trauma.

Plain Language Summary 

The thoracolumbar junction (T10-L2) is the most common fractured region in spinal injury. The overall prevalence 
of thoracolumbar fractures is higher in men, more frequent between the ages of 18-49 years old. There are various 
classification systems for evaluating thoracolumbar fractures, nonetheless, there is a lot of emphasis on new systems 
such as the Thoracolumbar Injury Classification and Scoring System (TLICS) and the McCormack Load Sharing Classifi-
cation (LSC), as well as on the role of the posterior ligament complex in vertebral stability. The precise determination 
of the extent of posterior ligament complex injury is a key factor in the management of these patients. Radiologic pa-
rameters are an important principle for the diagnosis, classification, prognosis, spine stability, and finding the optimal 
treatment (conservative or surgical) which are currently interpreted based on the spine surgeon experience. Rapid 
assessment and medical treatment of thoracolumbar injuries can significantly improve the treatment outcomes. The 
present study used CT scans and plain radiography images to assess whether radiographic parameters could define 
PLC injury. The findings of this study suggested that the ISD and LK and BHp are significant predictors of PLC injury and 
can be an applicable diagnostic guideline for unstable thoracolumbar fractures.
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important in determining the segment of vertebral frac-
tures. Although the Multidetector Computed Tomogra-
phy scan (MDCT), quick and accurate in patients without 
neurologic deficits, has high sensitivity and acceptable 
specificity for effective screening of vertebral fracture 
type, generally, CT has low efficacy in diagnosing soft tis-
sue injuries. Therefore, using a radiographic examination 
coupled with CT scan can improve the detection of soft 
tissue injury [12-15]. Some studies have shown that MRI 
has a high sensitivity to PLC injury detection, but inter-
rater reliability using Short-TI Inversion Recovery (STIR) 
was only 70% and was much lower (48.9%) using sagittal 
T1 magnetic resonance imaging (MRI) which can be seen 
as enhanced signals on the T2 images and diagnosed as 
unstable fracture patterns [16]. Thus, it can be realized 
that MRI is suitable for detecting bony edema which can 
be a symptom of an occult fracture contributing to pre-
operative considerations on levels of fixation [17]. 

Furthermore, for early diagnosis of spinal fracture, 
MRI has been controversial as a result of limited ac-
cessibility to MRI examinations which not only impose 
considerably high economic costs on the healthcare 
system but also expose patients with multiple trauma 
to imaging challenges [18-20]. Therefore, there are no 
certain radiological criteria and CT scans to determine 
PLC injury. The number of reports on the efficacy of this 
matter is limited and the aim of this study is not to use 
MRI for PLC injury clinically. Variable radiological and CT 
scan parameters for PLC disorder detection have been 
reported in the literature and publications on the tho-
racolumbar spine. However, none of these parameters 
are considered as a guideline [21]. This study aimed to 
evaluate the extent of PLC damages by some important 
radiological parameters including SIEA, BH, LK, ISD, and 
IPD concerning CT scan and radiological findings to de-
termine their value for the rapid and optimal diagnosis 
and treatment of thoracolumbar fractures.

2. Methods and Materials/Patients

This study was performed retrospectively on patients 
with thoracolumbar spinal fractures without neurologi-
cal deficit who had referred to Poursina Teaching Hos-
pital in Rasht (North of Iran) from April 2016 to March 
2018 which was approved by the institutional etic board 
(IR.GUMS.REC.1398.065). Patients with fractures in the 
thoracolumbar junction between T10 and L2 and the 
diagnosis of burst or compression fractures, with and 
without Posterior Ligament Complex (PLC) injury were 
included in the study. The minimum inclusion age based 
on the time of growth plate closure was 25 years and 
the maximum age of inclusion was 65 years, based on 

bone tissue density. All of the patients underwent ra-
diographic CT, and MRI imaging. Radiographic images 
were taken from the thoracolumbar region of the dorsal 
and lumbar vertebrae in lateral and anterior-posterior 
views. Patients were assessed with CT in axial view 
which was then reconstructed to the sagittal plane ac-
cording to the protocols in the device. These images 
were prepared from a single CT scan scanner (16 Slice, 
Supria; Hitachi Medical Corporation, Japan).

We evaluated the established plain radiographs and 
mid-sagittal CT scans based on the following parameters 
(Figure 1):

1. Superior Inferior Endplate Angle (SIEA): the mea-
sured angle in the upper and lower extremities of the 
fractured segment

2. Body Height (BH): This factor is calculated as a per-
centage of the reduction of the height of the vertebral 
body relative to the average of the upper and lower ver-
tebral bodies of the affected area.

3. The local kyphosis angle is calculated as the angle 
between the upper and lower extremities of the dam-
aged segment.

4. Interspinous Distance (ISD): this factor is calculat-
ed from the middle region of the cephalad surface of 
the injured vertebrae’s spinous process relative to the 
middle part of the cauda of the cephalad surface of the 
spinous process.

5. Interpedicular Distance (IPD): this parameter was 
measured as the distance between the interlines of the 
two fractured vertebral pedicels. This distance is com-
pared to the average size of the healthy vertebrae in the 
cephalad and caudal segments of the fractured area.

MRI images were taken in 3 T1-weighted, T2-weight-
ed, and STIR protocols from a single 1 Tesla MRI scan-
ner (Gyroscan, Philips Medical Systems, Germany). The 
STIR protocol was used in the sagittal plane to evaluate 
the damage to the posterior ligament complex and the 
extent of its damage was assessed by grading (intact, 
injured) in all patients. The integrity of the PLC in TLICS 
systems is categorized as intact, indeterminate disrup-
tion, or clear disruption. The most reliable signs of liga-
mentous injury are disruption of the black stripe denot-
ing low signal intensity on sagittal T1- or T2-weighted 
MRI, indicating a supraspinous ligament or ligamentum 
flavum tear. In addition, areas of high signal intensity 
within facet capsules or interspinous region on fluid-
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sensitive STIR or T2-weighted MRI also reflect capsular 
or interspinous ligament injury. MRI was required for all 
patients in order to determine the TLICS score and define 
the type of conservative or surgical treatment. At the final 
stage, the statistical analysis was performed. The param-
eters measured in radiographic, CT, and MRI images were 
evaluated in both groups of patients with and without PLC 
injury. Ultimately, the statistical differences between the 
parameters measured in the groups with intact PLC and 
with damaged PLC were evaluated and compared. Sensi-
tivity and specificity were calculated for this purpose, ROC 
(Receiver operating characteristic curve) curves were plot-
ted using Stata 13.1 version (StataCorp, College Station, 
Texas 77845 USA). 

3. Result 

In this study, 50 patients with and 50 patients without 
PLC injury were included. We showed the patients’ demo-
graphic data and fracture features in Table 1.

The analysis of parameters in radiographic images

SIEA, ISD, IPD, LK, BHp, and BHA parameters assessed 
in plain radiography images that LK, ISD, and BHp values 
were significant (P<0.05). The mean ISD in the PLC injured 
group was 6.75 mm when compared to PLC intact group, 
the mean ISD was 2.84 mm (P<0.0001). The mean of LK in 
the PLC injured group was 25.70° while that of the PLC in-
tact group was 20.92° (P<0.001). The mean BHp in plain ra-
diographic images was 11.54 mm in the PLC injured group 
and 15.20 mm in the PLC intact group (P<0.05) (Table 2). 

Parameters of analysis in CT scan images

SIEA, ISD, IPD, LK, BHp, and BHA were evaluated in CT 
images in which LK, ISD, and BHp values were significant 
(P<0.05). The Mean±SD of ISD in the injured PLC group 
was about 4.14±1.3 while in the intact PLC group, It was 
2.19±1.2 with P=0.02. The Mean±SD values of LK in the 
injured PLC group were about 25.80±4.03 while that of 
the intact PLC group was about 18.63±3.1 with P=0.001. 
The Mean±SD values of BHP in CT images in the injured 
PLC group was 9.43±2.9 and in the PLC intact group was 
11.09±5.3 with a significance level of P=0.048 (Table 3). 

Receiver operating characteristic (ROC) curve graphs 
(Figure 2) display the sensitivity and specificity of CT 
scan and radiographic in PLC injury detection based 
on the local kyphotic deformity, interspinous distance, 
and posterior vertebral body height [22]. Sensitivity 
and specificity indices for identifying PLC injury were 
evaluated for each of the LK and ISD parameters in ra-
diographic images. The 20 degrees LK had a sensitivity 
of 48.25% and a specificity of 56.16% to determine the 
PLC damage. When LK increased to 25 degrees, the sen-
sitivity and specificity increase was 63.51% and 88.46%, 
respectively. When ISD was considered as a single factor 
in detecting PLC damage, the 2 mm ISD had a sensitiv-
ity of 46.28% and a specificity of 53.25%; though when 
ISD increased to 4 mm, the sensitivity and specificity 
were 51.9% and 72.86%, respectively. Considering the 
two factors, ISD increased by more than 4 mm and LK by 
more than 25 degrees; sensitivity and specificity were 
68.67% 96.01%, respectively.

Figure 1. The radiographic images

A: Measurement of Superior-Inferior Endplate Angle (SIEA) in lateral plain film radiography; B: Measurement of Local Kyphosis angle (LK); 
C: Interspinous Distance (ISD) in midsagittal
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Sensitivity and specificity indices were evaluated for 
each of the LK and ISD parameters in CT scans. The 
LK value of 20 degrees had a sensitivity of 55.8% and 
a specificity of 58.52% to determine the extent of PLC 
damage. Whereas with the increase of LK by 25 de-
grees, the sensitivity increased by 62.25% and specific-
ity by 94.11%. When ISD is considered as a single factor 
in detecting PLC damage, the 2 mm ISD has a sensitivity 

of 50.01% and a specificity of 58.21% which ISD increas-
es to 4 mm, respectively the sensitivity and specificity 
were 70.58% and 96.65%. Considering the 2 factors ISD 
increased by more than 4 mm and LK by more than 
25 degrees sensitivity and specificity were 70.8% and 
97.52%. Confidence Interval (CI) was assessed on plain 
radiographs and CT scan images. The presence of LK 
greater than 25° (CI 64%–95%), ISD difference greater 

Table 1. Patient characteristics in this study

FrequencyPatient Characteristics

100 (50 PLC injured, 50 PLC intact)TotalNumber of cases

52 (25% PLC injured, 23% PLC intact)Women
Gender

48 (25% PLC injured, 27% PLC intact)Men 

37.99±11.59 (38.42±11.68 PLC injured, 37.56±11.60 PLC intact)Mean±SD age (y)

27 (13 PLC injured, 14 PLC intact)T11

Fracture site

26 (11 PLC injured, 15 PLC intact)T12

23 (12 PLC injured, 11 PLC intact)L1

24 (13 PLC injured, 11 PLC intact)L2

3.11±0.78 (3.72±1.24 PLC injured, 2.48±0.61 PLC intact)Total of TLICS±SD, points

Table 2. Results of the assessed variables on plain radiographs

PMean±SDPLCMeasurement RAD

0.0001**
6.74±2.90Injury

ISD (mm)
2.83±1.25Intact

0.745
19.19±9.13Injury

IPD (mm)
18.62±9.17Intact

0.001**
25.69±4.41Injury

LK deformity angle (degrees)
20.92±3.11Intact

0.155
22.85±5.33Injury

SIEA angle (degrees)
18.24±4.84Intact

0.365
48.85±8.12Injury

BH anterior (mm)
53.35±7.60Intact

0.048*
11.54±5.58Injury

BH posterior (mm)
15.20±6.88Intact

*P<0.05; **P<0.01.
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than 4 mm (CI 70%-97%), and BHp lower than 9 mm (CI 
60%-76%) could predict PLC injury.

4. Discussion

The present study used CT scan and plain radiogra-
phy images to assess whether radiographic parameters 
could define PLC injury. The findings of this study sug-
gested that the ISD and LK and BHp to be significant 
predictors of PLC injury and can be an applicable diag-
nostic guideline for unstable thoracolumbar fractures. 
Rapid assessment and medical treatment of thoraco-
lumbar injuries can significantly improve the treatment 
outcomes [23, 24]. So far, different classification sys-
tems have been developed to assess the thoracolum-
bar spinal injuries such as TLICS, determined through 
neurological examinations and diagnostic modalities 
such as plain radiography, CT scans, and MRIs while the 
physician requires the simplest criteria to get the best 
decision in the shortest time concerning high patient 
volume. PLC injury extension plays an important role in 
determining the effective treatment for burst fractures. 
PLC has a great supporting role in vertebral stability and 
strength. It has a poorly-healed tissue that is mainly due 
to weak vasculature. PLC disruptions indicate damages 
to its components i.e. supraspinous Ligament (SSL), In-
terspinous Ligament (ISL), Facet Capsule Ligament (FCL), 
and Ligamentum Flavum (LF) and integrating units such 

as fascia and musculature. PLC injuries may lead to spi-
nal instability, often coupled with noticeable spinal col-
umn deformity and neurological deficit. Recent studies 
suggest that in the majority of cases, MRI tends to over-
diagnose PLC injury that would lead to an increase in 
unnecessary surgeries [25, 26].

In a survey conducted to determine the diagnostic 
accuracy of MRI in PLC injuries, despite the previously 
reported sensitivity up to 100, the accuracy of MRI to 
diagnose PLC injuries was low, so it should not be used 
alone for detecting PLC integrity, for choosing the most 
effective treatment for thoracolumbar fractures and 
most important of all, for differentiating self-healing 
disruptions from those needing to be surgically fixed to 
prevent a further collapse [27].

In another study, Pizones et al. reported that MRI 
played an important role in screening PLC injuries but 
when using MRI alone, it is difficult to identify and mea-
sure the extent and type of PLC damage. STIR and FS-T2 
sequences can help detect connective tissue injuries. 
However, the severity of PLC damage and differentiat-
ing self-healing PLC disruptions from the ones requir-
ing surgical fixation to prevent a further collapse are still 
debatable [19, 28]

Table 3. Results for the variables when assessed on CT scan

PMean±SDPLCMeasurement

0.020*
4.14±1.30Injury

ISD (mm)
2.19±1.20Intact

0.261
17.73±7.22Injury

IPD (mm)
18.14±6.64Intact

0.037*
25.79±4.03Injury

LK deformity angle (degrees)
18.63±3.12Intact

0.243
17.49±4.45Injury

SIEA angle (degrees)
14.22±4.93Intact

0.464
41.27±9.47Injury

BH anterior (mm)
39.66±8.73Intact

0.0001**
9.43±2.92Injury

BH posterior (mm)
11.09±5.32Intact

*P<0.05; **P<0.01.

Yousefzadeh-Chabok Sh, et al. Radiographic Parameters in Diagnosis of PLC. Iran J Neurosurg. 2020; 6(3):133-142.



139

July 2020, Vol 6, Issue 3, No 22

Hiyama et al. in a survey assessed the accuracy of PLC 
injury in thoracolumbar burst fracture determined by 
STIR sequence using radiologic parameters and showed 
that LOVBH (Loss of Vertebral Body Height), vertebral 
body translation, and canal compromise do not correlate 
significantly with the presence of a PLC injury in patients 
with thoracolumbar fractures, an LK>20 ̊and increased 
the percentage of SSD (Supraspinous Distance) are as-

sociated with a PLC injury. This study insisted on the 
fundamental role of diagnostic criteria and classification 
systems in determining PLC damage and prescribing ef-
fective therapeutic procedures. The TLICS classification 
is based on MRI findings which is sensitive to detecting 
PLC injuries. However, it is more specific to determine 
the type of fractures (burst, compression, etc.) than in 
comparison to plain radiography and CT scans [23].

Figure 2. Receiver Operating Characteristic (ROC) curve graphs

A, C, E: ROC curve of local kyphotic deformity (degree), interspinous distance (millimeters), and posterior vertebral body height in radio-
graphic images; B, D, F: ROC curve of local kyphotic deformity, interspinous distance, and posterior vertebral body height in CT scan images 

The ROC graph of CT scan images determined radiographic results. The graph presents the values of PLC injury of thoracolumbar junction within the 
mentioned parameters. The curve shows an increase in the percentage of PLC injuries beyond 25° of LK, 4 mm ISD, and 9 cm BHp.
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Currently, CT imaging besides plain radiography is be-
ing investigated as one of the effective examinations in 
the diagnosis of the spinal cord and PLC injuries [17]. Ra-
jasekaran et al. performed a study on predicting PLC in-
juries in thoracolumbar fractures based on radiographic 
imaging and CT scans without MRI. They assessed 5 ra-
diographic parameters in plain radiography and CT scan 
in which LK and ISD between injured and intact groups 
were significant (P<0.05). Sensitivity in the LK above 20 
degrees was about 76% for CT scans and 85% for plain 
radiographs. If the ISD is increased to 4 mm, the speci-
ficity for CT and plain radiography is more than 90% [2].

In this study, after analyzing the results, we found that 
LK, ISD, BHp parameters were significant in predicting PLC 
injury between PLC-injured and intact groups (P<0.05). 
The specificity value was 58.12% for LK more than 20 
degrees in CT scan and 56.16% in radiography, which in-
creased over 88% in LK greater than 25 degrees. It seems 
that the increase in LK is caused by high-energy trauma 
leading to spine instability that plays an important role in 
choosing the treatment modality (conservative or surgi-
cal). Thus, measuring the change in the kyphotic angle 
has a limitation as a single test for the diagnosis of the 
injury in the posterior ligament complex [29-31].

Vaccaro et al. claimed that interspinous spacing great-
er than that of the abovementioned level or below on 
anteroposterior plain X-rays can be higher rank criteria 
for the diagnosis of PLC injury than focal tenderness and 
palpation of the interspinous defect. This study showed 
that by increasing the ISD parameter more than 2 mm, 
the sensitivity and specificity in detecting PLC injury 
in CT scan augmented to 50.01% and 58.21%, respec-
tively, and in radiology augmented to 46.28 and 53.25 
between the injured and intact groups. ISD more than 4 
mm also increases sensitivity to over 70% and specific-
ity to greater than 90%. According to the result, if ISD 
increases, the incidence of PLC injury increases. There-
fore, it can be considered as a significant parameter in 
the diagnosis of PLC injury [27, 32, 33].

The results of vertebral height measurement present-
ed that the reduction of posterior vertebral height was 
significant between PLC injured and intact groups. The 
specificity and sensitivity of this parameter were low, 
which could be due to the error of the manual measure-
ment method [34, 35].

Also by considering the two parameters, LK and ISD, 
the specificity and sensitivity of the results were 96.01% 
and 68.67% on plain radiographs and increased to 
more than 70.8% and 97.52% on CT scans, respectively. 

Therefore, integrating several parameters can provide a 
more accurate and efficient diagnosis.

5. Conclusion 

As the finding of the present study indicated, PLC in-
jury had a significant relationship with LK, ISD, and BH. 
The current study suggests formulating a predictive ra-
diological index to identify PLC injury successfully. These 
guidelines may be utilized in emergency room decision-
making especially when the associated cost, availability, 
and time delay in performing MRI are a concern in pa-
tients with multiple trauma.
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