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ABSTRACT 
 

Background: Thoracolumbar fractures have a varied clinical presentation and surgeons mainly 
depend on radiological investigations for planning management. Most modern classifications like 
TLICS (Thoraco-Lumbar Injury Classification and Severity score) and AO classification rely on 
additional data from CT and MRI which are expensive and not easily available. There are not many 
studies to document whether addition of CT and MRI changes the classification by an experienced 
surgeon and his decision-making process.  
Methods: 40 patients with thoracolumbar spine fractures ranging in severity from the simple to the 
most complex were selected. Four surgeons of varied experience in spine surgery (15 years, 8 
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years, 3 and 2 years) assessed these fractures with x-ray radiographs, followed by CT and MRI. 
The interobserver reliability of each classification, and the reason for the change with addition of CT 
and MRI was studied.  
Results: Addition of CT scan to plain radiographs involved a change in classification in 25% of 
cases in McAfee and AO classification, and 27% in TLICS. This led to a 10% change in 
management decision amongst surgeons. Assessment with MRI did not produce any major change 
in McAfee and AO classification but, there was change in classification and management in 47.5 % 
of cases in TLICS all of which were displaced fractures. The PLC status correlation among the 
surgeons is moderate with X-ray and CT group (k=0.51), but with addition of the MRI (k=0.92) 
correlation became very good.  
Conclusion: X-rays are helpful in initial evaluation of thoracolumbar spine injuries. CT scan 
provides additional information like fracture pattern, fracture morphology and indirectly determine 
PLC tear by the presence of displacement of the fragments into the spinal canal. MRI confirms 
spinal cord compression and PLC injury. PLC was torn in all displaced fractures, so displacement is 
a criteria to diagnose PLC injury. Hence, Xray, CT Scan and MRI are investigations of choice in that 
serial order in making decision regarding their management. 
 

 
Keywords: Thoracolumbar; fracture; interobserver; reliability; MRI. 
 

1. INTRODUCTION  
 

Spine fractures represent 6% of all fractures 
worldwide [1]. The most affected segment is the 
thoracolumbar spine, which accounts for 
approximately 50% [1]. Their importance is 
significant in view of potential spinal cord injury, 
spinal instability and also the resultant problems. 
Evaluation of the spinal injury patient includes 
careful clinical assessment and appropriate 
radiological investigation [2]. Standard anterior 
posterior and lateral radiographs are the initial 
imaging modalities for all patients [3]. 

 
Computed Tomography (CT) scan reveals bony 
anatomy in detail and in an expedite manner 
[4,5]. With advent of MRI (Magnetic Resonance 
Imaging), its ability to accurately detect spinal 
cord compression, epidural hemorrhage, soft 
tissue injury and ligamentous insufficiency has 
motivated physicians to use MRI on a larger 
scale [4,5]. However the increased cost, 
availability, delay in the treatment and lack of 
clear evidence that can improve management 
decision & outcomes makes us contemplate its 
mandatory use. 
 
Classification of thoracolumbar fracture has been 
in vogue since 1929 after Bohler provided the 
first morphological classification. An ideal 
classification should be easy to understand and 
use, facilitate accurate exchange of information 
and guide treatment plan and diagnosis. Even 
though many classifications like Nicoll’s 
classification, Dennis classification, Allen 
Ferguson classification, McAfee classification, 
TLICS, Load shearing classification and AO 

classification have been described from time to 
time, but none of them were proved to be 
reliable. Recent classifications such as TLICS 
strongly advocate the use of MRI in the 
classification and treatment plan [6]. McAfee 
classification which is commonly used has 
potential significant variation depending on 
whether X-ray alone or CT scan is also used for 
classification [6]. 
 
There is a dearth of studies to assess the 
specific role of CT and MRI in fracture 
classification and management and also whether 
addition of CT and MRI actually changes the 
classification and decision-making process of 
spine surgeons. Based on this premise, we 
undertook this study to evaluate the usefulness 
of the CT scan and MRI in classifying the 
fractures according to the commonly used 
classifications (McAfee, TLICS, AO 
classification). Also changes in the treatment 
plan based on CT scan, MRI and inter-observer 
reliability among four spine surgeons with 
different grades of experience in fracture 
classification were studied. 
 

2. MATERIALS AND METHODS  
 

Forty patients admitted to a tertiary level trauma 
center with fractures of thoracolumbar spine 
ranging in severity from the simple to the most 
complex were selected. The X-ray (AP and 
Lateral), CT scan (sagittal, coronal and axial) and 
MRI (T1W, T2Wsagittal and axial) images of all 
the patients were selected from the picture 
archiving system. Four spine surgeons (two 
consultants and two senior spine fellow) with 
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different grades of experience (consultant A: 15 
years, consultant B: 8 years, fellow A: 3 years 
and fellow B: 2 years) were provided with these 
images in sequence i.e. first X-ray images were 
given then X-ray and CT scans were provided 
and finally X-ray, CT and MRI were shown 
together. All the data were tabulated on excel 
sheet (Fig. 1). 
 
In step 1, the patient’s clinical history, 
neurological status and X-ray alone were 
provided to the observers along with the 
description of the classification system and were 
asked to classify the fracture type, assess the 

posterior ligamentous complex (PLC) integrity 
and management plan (Fig. 2) 
 
The management plan was divided into 
conservative and surgical groups. In 
conservative group, treatment options provided 
were complete bed rest, mobilization with brace, 
and mobilization without brace. The surgical 
options were anterior surgery, posterior surgery 
and anterior-posterior combined approach. 
Posterior surgery was again divided into fusion 
and non-fusion group. Both groups were further 
divided into short segment and long segment 
fixation.  

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1. Flow chart showing the investigations made available to the observers at each step 
 

Comparison of kappa values of Consultants and Fellows separately 
Poor < 0.2 

Fair 0.21-0.40 
Moderate 0.41-0.60 

Good 0.61-0.80 
Very Good 0.81- 1 

 

 

 

 

 

 

 

Kappa value calculated comparing consultants and fellows 
separately for each factor of the classification systems, PLC and 

management plan status 

Step 3- addition of MRI 
classify the fracture type, assess the posterior ligamentous complex 

(PLC) integrity and management plan 
 
 

Step 2- addition of CT scan 
classify the fracture type, assess the posterior ligamentous complex 

(PLC) integrity and management plan 
 

Step 1- clinical history, neurological status and X-ray provided to the 
observers 

classify the fracture type, assess the posterior ligamentous complex 
(PLC) integrity and management plan 

Patients with fractures of thoracolumbar spine 
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In step 2, the next set of images (same forty 
patients’ clinical history, X-ray and relevant CT 
images) were provided. The observers were 
asked to classify the fracture, provide the 
management plan and assess PLC status based 
on X-ray and CT scan images (Fig. 3). 
 
In step 3, a new set of images with the patients’ 
clinical history, X-ray, CT scan and MRI images 
were provided to the observers to assess similar 
parameters (Fig. 4). 
 
Based on the observations given by the four 
spine surgeons, the inter observer agreement of 

various classification systems, PLC status and 
management plan was assessed. This was 
performed independently for X-ray, X-ray - CT 
scan and with X-ray, CT scan and MRI. The 
usefulness of the CT scan or MRI in fracture 
classification, management and PLC status 
assessment was evaluated. Their reliability was 
assessed by calculating kappa values between 
the consultants (Table 1) and between the 
fellows (Table 2). Kappa values of groups < 0.2, 
0.21-0.40, 0.41-0.60 and 0.61-0.80, 0.81- 1 were 
considered as a poor, fair, moderate, good            
and very good inter-observer agreement 
respectively.  

 

 
 

Fig. 2. 63 year old male with history of road traffic accident, presented with back pain and 
chest pain. On examination neurology was ASIA E status & associated distal radius and 

diaphragmatic hernia. After looking at the x ray, the observers noted their inference. 
Consultant A, fellow A and B - unstable burst, consultant B- chance fracture. PLC status- 

consultant A-injured, consultant B and fellow A and B- intact 
 

 
 

Fig. 3. CT scan of the same patient. Consultant A- unstable burst, consultant B – chance, 
fellow A & B – flexion distraction injury. PLC status- consultant A and B, fellow A and B – 

injured 
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Table 1. Kappa values of different variables for consultants 
 

Variables for consultants A & B  Kappa value for  
X ray  

Kappa value for X ray & 
CT scan  

Kappa value for X ray, CT 
& MRI  

PLC status  Fair  Good  Very Good 
McAfee wedge compression  Moderate  Moderate  Moderate  
McAfee stable burst  Fair  Fair  Poor  
McAfee unstable burst  Fair  Good  Fair  
McAfee chance  Poor  Poor  Poor  
McAfee flexion distraction  Poor  Poor  Poor  
McAfee translation  Good  Good  Good  
TLICS total score  Fair  Moderate Very Good 
AO spine classification compression impaction  Fair  Moderate  Moderate  
AO spine classification compression split  *  *  *  
AO spine classification compression burst  Poor  Fair  Fair  
AO spine classification ant + post + distraction post-ligamentous  Poor  Poor  Poor  
AO spine classification ant + post + distraction post-osseous  Poor  Poor  Poor  
AO spine classification ant + post + distraction ant-hyper extension  *  *  *  
AO spine classification ant + post + rotation type A + rotation  Poor  Poor  Poor  
AO spine classification ant + post + rotation type B + rotation  Poor  Fair  Fair  
AO spine classification ant + post + rotation shear injury  Moderate  Good  Good  
Treatment plan conservative mobilization with brace  Moderate  Fair  Good  
Treatment plan conservative no brace , no bed rest  Poor  Poor  Good  
Posterior surgery fixation only short segment  Fair  Fair  Very Good  
Posterior surgery fixation only long segment  Poor  Poor  Good 
Posterior surgery fixation & fusion long segment  Poor  Poor  Very Good 
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Table 2. Kappa value of different variables for fellows 
 

Variables for Fellow A & B  Kappa value for  
X ray  

Kappa value for X ray& 
CT  

Kappa value for  
X ray, CT & MRI  

PLC status  Moderate Moderate  Very Good 
McAfee wedge compression  Very good  Moderate  Good  
McAfee stable burst  Moderate  Moderate  Moderate  
McAfee unstable burst  Moderate  Good  Very Good  
McAfee chance  Poor  Poor  Fair  
McAfee flexion distraction  Fair  Fair  Fair  
McAfee translation  Very good  Very good  Very good  
TLICS total score  Moderate  Fair  Very Good  
AO spine classification compression impaction  Very good  Moderate  Moderate  
AO spine classification compression split  Poor  Poor  Poor  
AO spine classification compression burst  Good  Fair  Moderate  
AO spine classification ant + post + distraction post-ligamentous  Poor  Poor  Poor  
AO spine classification ant + post + distraction post-osseous  Poor  Fair  Fair  
AO spine classification ant + post + distraction ant-hyper extension  Poor  Poor  Poor  
AO spine classification ant + post + rotation type A + rotation  Poor  Poor  Poor  
AO spine classification ant + post + rotation type B + rotation  Fair  Moderate  Moderate  
AO spine classification ant + post + rotation shear injury  Fair  Fair  Fair  
Treatment plan conservative mobilization with brace  Moderate  Moderate  Good  
treatment plan conservative no brace, no bed rest  Poor  Poor  Good 
Posterior surgery fixation only short segment  Fair  Fair  Very Good  
Posterior surgery fixation only long segment  Moderate  Moderate  Good  
Posterior surgery fixation & fusion long segment  Poor  Poor  Very Good  
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Fig. 4. MRI of the same patient. PLC status - injured for all observers. Morphological classification is as of CT scan 
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3. RESULTS  
 
There were forty patients (9 females and 31 
males). Mean age of the patients was 41.8 years 
(16 - 74 years). Road traffic accident was the 
most common mode of injury (n=13) followed by 
fall from height (n=11) and others (n=16) which 
included a combination of trivial fall at home, 
manual labour accidents, athletic injuries in 
contact sports. 
 

3.1 Classification Reliability 
 

McAfee Classification: The consultants had 
only fair agreement classifying fractures based 
on the McAfee classification (k= 0.3). For X-rays 
alone, the agreement was 0.30. The addition of 
the CT scan increased the agreement to 0.35, 
but after adding MRI information, the kappa 
value again decreased to 0.28.  
 

• Addition of the CT scan converted 20% 
cases of compression fracture to burst 
fracture. There was also a wide 
interchange among burst, flexion 
distraction and chance fracture groups 
among all four observers.  

• Consultants had a moderate to good 
reliability in all the three steps of 
assessment while classifying wedge 
compression (k= 0.44 to 0.58) and 
translation (k=0.63 to 0.69) subgroups. For 
unstable burst fracture, there was a good 
agreement (k=0.63) based on X-ray and 
CT scan but only fair agreement with X-ray 
(k=0.3) and addition of MRI (k= 0.31). 
Consultants agreed poorly while classifying 
stable burst (k=0.2), flexion distraction 
(k=0.1) and chance fracture (k= -0.1) 
group.  

• There was a moderate to good reliability 
among the fellows for McAfee’s 
classification. Fellows had very good 
correlation while classifying wedge 
compression (k=1), stable burst (k=0.54 to 
0.8), unstable burst (k=0.45 to 0.9) and 
translation (k=0.86 to 0.9) injury. Similar to 
the consultants, fellows agreed poorly in 
classifying chance (k=0 to 0.2) and flexion 
distraction (k=0.2 to 0.3) injury.  

 

TLICS Classification:   TLICS classification had 
only fair inter-observer reliability among the 
fellows (k=0.3 to 0.4) and consultants (k=0.31 
to0.35) on X-rays. After addition of CT scan and 
MRI, TLICS score changed in 27% cases and 
47.5% of the cases respectively.  

• On addition of CT scan, all observers 
made significant changes in morphological 
type and PLC status except Fellow B. 
Changes made by the three observers in 
TLICS classification were 25% by 
consultant A, 17.5% by consultant B and 
45% by fellow A. 

• On addition of the MRI, Consultant A 
changed his scoring system in 30%, 
Consultant B in 43%, Fellow A in 48% of 
cases and Fellow B in 62.5% of cases. 
These changes were due to variations in 
PLC status with MRI for all four observers 
and additional variation in morphological 
classification for fellow B. The consultants 
and fellows had very good inter observer 
correlation on addition of MRI. 

 
AO Classification: AO classification had only 
poor to fair reliability (k=0.12 for X-ray, k=0.21 for 
X-ray-CT group, k=0.15 for X-ray, CT & MRI 
group) among the consultants and the fellows. 
 

• Similar to the McAfee classification, the 
simplest type A1 (k=0.35 to 0.5) and most 
severe injuries type C3 (k=0.5 to 0.65) had 
a moderate to good reliability as compared 
to other sub groups which had only poor to 
fair reliability among the consultants. 
Among the fellows too, type A1 (k=0.4 to 
0.8) and C3 (k=0.3 to 0.35) had a fair to 
good correlation but other subgroups had 
only poor to fair reliability. 

• On addition of CT, Consultant A made 
changes in 17.5% of cases, consultant B 
25%, Fellow A 32.5% & Fellow B 25%, 
cases. Most of the changes happened in 
the major subgroup (among A, B and C).  

 
AO classification is least changed after adding 
MRI among consultant A, consultant B and fellow 
A. For Fellow B it was changed in 20% of cases.  
 

3.2 PLC Status  
 

• On X-ray alone, Consultants had only fair 
inter-observer reliability to diagnose PLC 
status (k=0.4).  

• On addition of CT scan, inter-observer 
reliability was good (k= 0.51).  Consultants 
changed their PLC status comment in 7.5 
% of case and Fellows in 6.25% cases.  

• On addition of the MRI, surprisingly the 
inter-observer reliability increased 
(k=0.92). Consultant A noted PLC injury 
and changed his decision in 30% of the 
cases while Consultant B has changed his 
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decision in 43 % of cases, Fellow A in 48% 
and Fellow B in 62% of the cases.  

 

Fellows had moderate inter observer reliability for 
detecting PLC status injury with X-rays alone 
(K=0.65). This did not change after providing CT 
along with X-rays (k=0.71). Again, paradoxically 
the agreement increased when MRI was also 
provided to assess the PLC integrity (K=0.95). 
 

3.3 Management 
 

• On X-ray alone the Consultants had poor 
to fair agreement in terms of treatment 
options.  

• On addition of CT scan, the management 
was changed 10% of cases. For 
Consultant A, 2 patients (5%) had moved 
to surgical management from conservative 
group. For Consultant B, 4 patients (10%) 
had shifted to surgical from conservative 
and 2 patients (5%) were converted into 
conservative management from surgical 
management. For Fellow A, 3 patients 
(7.5%) were converted to surgical from 
conservative care and (5%) patients to 
conservative from surgical management. 
For Fellow B, management remained the 
same.   

• On addition of MRI, management was 
altered for all the four observers, who 
changed their management plan in 47.5 % 
of cases. Out of 19 cases in which 
management is changed, 14 cases (35%) 
were converted from conservative to 
surgical groups and in other 5 cases 
(12.5%) a different modality of same 
conservative or surgical treatment was 
selected.  

 
Summarizing the changes in management 
decisions with CT and MRI scan, for Fellow B, 
after addition of the CT scan, only McAfee and 
AO classification has changed in 15 and 10 
cases respectively. Otherwise there was a no 
difference for PLC status, TLICS and 
management. But after addition of the MRI he 
has changed his decision in 6, 9 & 8 cases for 
McAfee, TLICS & AO classification respectively 
and management in 7 cases.  
 
For Consultant A, PLC status was changed in 
15(37%) cases after MRI evaluation. Eight cases 
without displaced fracture were converted from 
injured to intact group and 7 cases with displaced 
fracture fragments were converted from intact to 
injured group. 

Except for Fellow B, all other observers feel that 
MRI is not adding any additional information after 
having an X-ray and CT scan details. PLC was 
intact in all undisplaced fractures. In less than 
10% cases they had changed their classification 
grade. Except for Fellow B, nobody had changed 
their management after seeing MRI. 
 

Most commonly performed surgery was spanning 
Pedicle screw-rod fixation of adjoining intact 
vertebra in cases with confirmed PLC injury 
which had undisplaced and mildly displaced 
fractures without neurological deficit. 
Decompression and TLIF (Transforaminal 
Lumbar Interbody Fusion) with cage fixation was 
done in cases with moderate to severe 
displacement. Conservative management was 
done in all PLC intact cases without neurological 
deficit. 
 

4. DISCUSSION  
 

Management of the thoracolumbar fracture 
depends on proper classification of the injury as 
stable or unstable. Even though fracture 
classification has evolved significantly in the last 
20 years, the original morphological classification 
of Bohler still seems adequate in modern 
scenario. More sophisticated attempts at 
improving the fracture classification adds to 
complexity and confusion [7]. Presently with 
advent of modern technology, CT and MRI scan 
are frequently performed in the evaluation of the 
fracture spine. The present study indicates that 
there is only poor to fair reliability among the 
observers for the TLICS and AO classification. 
Similar to previous studies, simple and complex 
injuries are classified reliably while the injuries 
that fall into middle grade are still not reliably 
classified [8]. 

 

The study also has evaluated the additive role of 
the CT scan and the fracture classification and 
management. Plain radiographs are the initial 
imaging modality for screening of the 
thoracolumbar fractures. But plain films have 
been shown to be inferior to CT with respect to 
fracture detection in a number of studies [9-11]. 
Brown et al., [12] Hauser et al., [13] and 
Sheridan et al., [14] have performed similar 
analyses comparing plain radiography and CT in 
trauma of the thoracolumbar spine. Combined 
sensitivities for detection of injury are 67% for 
plain film when compared with 98% for spiral CT. 
Unlike CT, the accuracy of conventional 
radiographs decreases with select patient 
characteristics, in particular high-risk mechanism 
of injury and advanced age [15,16]. 
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In our study, with addition of the CT scan to X-
ray, there were approximately 25% changes in 
classifying the fractures according to McAfee, 
TLICS and AO classification system. CT scan 
provides more information as compared to X-ray 
alone in fracture detection, outlining morphology 
of fracture, pre-operative planning and indirectly 
determine PLC tear by the presence of 
displacement of the fragments into the spinal 
canal. In case of displaced fractures without 
neurological deficit, MRI may not be necessary 
presuming obvious PLC injury and taking the 
decision to operate with instrumentation and 
fusion. 
 
In cases of undisplaced fractures and clinically 
suspected PLC or spinal cord injury MRI can be 
done as an additional confirmatory investigation.  
 
After addition of CT scan to the X-ray, in 10% of 
cases, the management plan had been changed. 
Except for fellow B, every observer had some 
more information from CT scan to change their 
decision. While CT is central to treatment 
planning, intraoperative reductions and fixations 
are usually controlled with fluoroscopy or 
conventional radiographs, and most operative 
follow-up imaging relies on conventional 
radiography. Therefore, it is advisable to include 
conventional radiograph along with CT scan. 
Although imaging costs are much greater for CT 
than for conventional radiography, CT screening 
of the cervical & thoracolumbar spine is cost 
effective and cost-dominant especially in victims 
of blunt-force trauma [14]. An interesting 
observation from our study is that all the four 
observers did not vary significantly while 
changing their subgroup of the AO classification 
based on the CT scan. 
 
The role of magnetic resonance imaging (MRI) in 
acute spinal trauma is to evaluate neurological 
symptoms, spinal cord injury and suspected 
ligamentous disruption [17,18]. MRI can also 
offer prognostic information regarding potential 
recovery post spinal cord injury [19]. Imaging 
factors associated with poor functional recovery 
are hemorrhage, long segments of edema, and 
high cervical location of injury. 
 
However as documented in a study by Holmes et 
al., for the NEXUS group, the low fracture 
detection rate of 8.5/15 fractures (55%) suggest 
MRI is not an appropriate screening modality for 
detection of pattern of fractures [20]. Although 
MRI adds phenomenally to the cost of the 
treatment, it provides significant information 

regarding spinal cord compression and also aids 
in diagnosis of PLC injury, which is the 
cornerstone in preventing long term 
complications, spinal instability and in acute 
management of neurological symptoms. 
 
In our study, all observers found more 
information with regard to PLC injury and spinal 
cord compression and to change their 
classification or management plan after having 
an MRI in addition to X-ray & CT scan [21]. 
McAfee and AO classification did not show 
significant change but TLICS classification 
showed considerable change after addition of 
MRI to CT scan. In displaced fractures without 
neurological deficit, MRI showed torn PLC and 
hence the management did not change in such 
injuries and surgical management was 
confirmed. This further adds evidence that MRI 
may not be necessary in such displaced 
fractures without neurological deficit as we can 
presume the presence PLC injury. 
 
PLC injury is given a significant importance in 
TLICS classification. According to the 
classification, confirmed complete PLC disruption 
has been given three points which is equivalent 
to rotational injury or incomplete cord injury. So, 
the status of PLC influences long term prognosis 
and also the treatment plan. All observers found 
considerable difference after having MRI in 
addition to CT scan & X-ray. Literature suggests 
that MRI appearance of the posterior 
ligamentous structures cannot be used in 
isolation for decision making [22]. Rather, the 
MRI appearance of the PLC components should 
be considered along with associated findings 
(i.e., epidural hematoma, superficial soft tissue 
edema), plain film or CT findings, and clinical 
suspicion and findings consistent with 
ligamentous injury. However, the sensitivity of 
MRI is clearly higher than its specificity for PLC 
status while the pattern of fracture is more 
evident on CT [23]. So MRI is usually 
complementary to CT rather than a substitute [6]. 
MRI mainly helps in diagnosis of injury to spinal 
cord and PLC, and the need for surgical 
decompression and fixation, while CT scan helps 
in classifying the pattern of fracture and aids in 
the planning of the surgical process. 
 
Most commonly performed surgery was spanning 
Pedicle screw-rod fixation of adjoining intact 
vertebra in cases with confirmed PLC injury 
which had undisplaced and mildly displaced 
fractures without neurological deficit. 
Decompression and TLIF (Transforaminal 
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Lumbar Interbody Fusion) with cage fixation was 
done in cases with moderate to severe 
displacement. Conservative management was 
done in all PLC intact cases without neurological 
deficit. 
 

5. CONCLUSION  
 

The study indicates that among the three 
commonly used classifications, TLICS 
classification has relatively better inter-observer 
reliability than McAfee and AO classification. In 
all classifications, the agreement was better for 
the simple and complex fractures with poor 
correlation for the “in-between” fracture groups.  
 

X-rays are helpful in initial evaluation of 
thoracolumbar spine fractures and their 
postsurgical prognosis. CT scan provides 
additional information like fracture pattern, 
fracture morphology and indirectly determine 
PLC tear by the presence of displacement of the 
fragments into the spinal canal.  In displaced 
fractures with or without neurological deficit, MRI 
may be omitted and surgery can be done 
directly. MRI confirms spinal cord compression 
and PLC injury. Hence, Xray, CT Scan and MRI 
are investigations of choice in that serial order in 
making decision regarding their management. 
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