
Introduction:
Thoraco-lumbar (TL) region is one of 
the most common sites for spinal 
injuries, and constitute around 15-20% of 
t r a u m a t i c  s p i n a l  f r a c t u r e s  a n d 
dislocations [1]. While majority of these 
fractures in younger patients occur 
secondar y to high energy trauma, 
osteoporosis-related injuries constitute a 
significant proportion of these fractures 
in the elderly [2,3]. 
Various aspects regarding the optimal 
management of these TL fractures are 
st i l l  largely debated.  The goal  of 
treatment of these fractures in patients 
without neurological deficits is to 
achieve a well-balanced and stable spine 
by facilitating good fracture union, either 

with the help of external (bracing, 
immobilization etc.) or internal supports 
(internal stabilization) [4]. The current 
article discusses certain controversial 
and interesting issues regarding these 
fractures and elaborates on the pearls and 
pitfalls in their management. 

Materials and Methods:
An elaborate search was made using 
keywords “adult TL fractures”, “adult 
t h o racol u m bar  f rac t u res”,  “ad u l t 
t h o r a c o l u m b a r  i n j u r i e s ”,  “a d u l t 
thoracolumbar spinal injuries”, “spinal 
injuries” and “spinal fractures” on 
Pubmed, Google and Medline databases. 
We identified certain crucial questions 
concerning TL injuries and included 

relevant articles pertaining to those 
subjects. The topics for discussion in this 
article included: 
1. Classification systems for TL fractures 
2. Imaging modalities and their relevance 
in TL fractures
3. Operative versus non-operative 
treatment
4. Surgical approaches  
5. Role of decompression 
6. Steroids in spinal cord injury (SCI) 
7. Traumatic dural injuri
8. Fusion after fixation. 
We identified a total of 2961 articles, of 
which 379 were full texts in English 
language. Randomized controlled trials 
(RCTs) and level 1 studies were given 
preference. Finally, 66 articles were 
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Thoraco-lumbar (TL) fractures are the most common sites for spinal injuries. The severity of these injuries can range from minor, un-displaced 
fractures amenable to conservative management to highly complex, unstable fractures requiring surgical interventions. There is still 
considerable ambiguity on various issues related to the management of these vertebral injuries. The current article addresses several crucial 
questions related to the management of TL spinal fractures. 
An elaborate search was performed on standard medical search engines including pubmed, google and medline databases using keywords “adult 
TL fractures”, adult thoracolumbar fractures”, “adult thoracolumbar injuries”, “adult thoracolumbar spinal injuries”, “spinal injuries” and “spinal 
fractures”. Based on this comprehensive narrative review, we have discussed the key consensus of the existing literature on various aspects of 
management of these fractures.
Currently the most useful system for defining TL fractures is the AO classification system. The best initial imaging modality is computerize 
tomography (CT) scan, with magnetic resonance imaging (MRI) being the most useful modality in AO type B2 injuries. All patients with AO 
types B and C injuries require surgical intervention. The current literature is shifting in favor of posterior approach, in view of less complications 
and morbidity associated with these surgeries. The role of decompression in enhancing neurological recovery and the need for surgical fusion in 
addition to instrumentation in TL fractures are still controversial. The current literature is strongly against the use of high dose steroids in acute 
TL fractures with SCI.
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included for this narrative review. We did 
not perform any screening [Preferred 
Reporting Items for Systematic Reviews 
and Meta-A nalyses(PR ISM A) or 
M e t h o d o l o g i c a l  i n d e x  f o r  n o n -
randomized studies (MINORS) scoring 
criteria  for including the articles.

Discussion: 
The TL junction is a transitional zone of 
the spinal column, distinctly positioned 
at the junction of rigid thoracic and 
flexible lumbar spines. This unique 
construct places these spinal segments at 
significantly greater biomechanical 
stresses; and therefore these are common 
zo n es  f o r  t rau mat i c  f rac t u res  o r 
dislocations [5]. The fractures of 
thoracic and lumbar regions belong to a 

wide spectrum of injuries, ranging from 
un-displaced fractures to severely 
displaced injuries [6]. The management 
o f  t h e s e  i n j u r i e s  s t i l l  r e m a i n s 
controversial. The goal of treatment of 
these injuries is to achieve a stable, but 
sufficiently mobile and pain-free spine, 
w i t h  m a i n t e n a n c e  o f  n o r m a l 
neurological status and adequate global 
balance in the coronal and sagittal planes 
[6]. In a majority of patients, this 
o u t c o m e  m a y  b e  a c h i e v e d  b y 
conservative measures, while surgical 
stabilization may be warranted in more 

unstable fractures and situations of 
accompanying neurological deficits 
[7,8].

Classification systems of  TL fractures
Classification systems aid in good 
communication among physicians; and 
an ideal classification system should be 
simple, easy to apply, reproducible and 
aid in lucidly describing the fracture 
pattern, focusing on characteristics most 
relevant to treatment planning and 
prognostication [9,10]. As imaging 
technologies have continued to evolve, 
the classification systems and algorithms 
for treatment have also persistently 
grown in their complexity over the years 
[11]. 
While the initial classification systems 
were purely morphological, the recent 
classification systems have tried to 
incorporate bony morphology, stability 
of  both osseous and l igamentous 
elements; and neurological status of the 
patient [10,11]. Vaccaro et al. [10] 
introduced the TLICS (Thoracolumbar 
Injury Classification and Severity) 
system in 2007, attempting to score the 
severity of spinal injury based on fracture 
morphology, posterior ligamentous 
complex disruption and neurological 
status (shown in table 1). Studies have 
demonstrated good-to-excellent inter-
rater reliability (among both radiologists 
and neurosurgical providers) for TLICS 
system; and reasonable to moderate 
validity (good negative predictive and 
moderate positive predictive values) for 
non-operative and operative cases of TL 
injuries [12]. Some of the criticisms 
against TLICS scoring system included 
disagreement  among users on the 
precise definition on injury  morphology 
and posterior ligamentous complex 
(PLC) injury  [11,13].
I n  2 0 0 8 ,  A O  e s t a b l i s h e d  S p i n e 
Classification group with the goal of 
rev ising AO-Magerl classif ication 
[14,15,16]. Further on, AO Spine 
Knowledge Forum Trauma, constituted 
by a group of  International surgeons 

11  International Journal of Spine  Volume 4  Issue 2  July-December 2019   Page 10-19| | | | |

www.ijsonline.co.inViswanathan V K & Kanna R M

Figure 1: Current AO classification- CT and radiographs showing type A, B and C fractures

Figure 2: A – Lateral radiograph showing AO 
type A1 fracture; B – T2 weighted sagittal MRI 
showing significant hyper-intensity and injury 

over posterior ligamentous complex (PLC), 
thereby the fracture was re-classified as AO type 

B2 

Figure 3: A, B – Antero-posterior and lateral 
radiographs showing short segment pedicle screw 

fixation; C, D - Antero-posterior and lateral 
radiographs showing long segment pedicle screw 

fixation



with special interest in trauma developed 
and validated classification systems for 
cervical sub-axial and thoraco-lumbar 
spine fractures. The current AO spine 
classification has incorporated fracture 
morphology, neurological status and 
case-specific modifiers which may 
potentially influence decision making 
and prognostication (table 2, fig. 1) 
[15,16]. 
Many studies have evaluated the inter-
obser vor  rel iabi l i t y  of  AO Spine 
Thoraco-lumbar Injury Classification 
System. In the study by Azimi et al. [16],  
a near-perfect reproducibility was 
demonstrated for the AO Spine thoraco-
lumbar classification, with kappa values 
for intra- and inter-observer reliability 

approaching close to 0.83 to 0.89. In a 
validation study involving 100 spine 
surgeons world-w ide,  the overal l 
reliability for all cases was moderate 
(kappa = 0.56), while the inter-observer 
reliability was 0.80, 0.68 and 0.72 (kappa 
values) for types A, B and C injuries, 
respectively [17]. In the study by 
Schnake et al. (2017) [18], the inter-
observer reliability showed a kappa of 
0.64 for all fracture types. While injury 
types A and C revealed kappa values of 
0.72 and 0.7 respectively, the least 
reliability was seen in type B injuries 
(kappa = 0.58): especially fracture types 
B2 (kappa = 0.34) and B3 (kappa = 
0.41). In the international validation 
study by Sadiqi et al. [1], there was no 

demonstrable association between the 
surgeon’s level  of  ex perience and 
reliability of the classification system. 
However, another international study 
d e m o n s t r a t e d  o n l y  a  m o d e s t 
reproducibility among a group of 
Chinese spine surgeons for AO Spine 
thoraco-lumbar fracture classification 
system [20]. A recent multi-center trial 
compared directly the TLICS and AO 
Spine TL classification systems and 
revealed that the latter classification 
showed better reliability in identifying 
TL fracture morphological patterns [21]. 
Thus, although not sti l l  a perfect 
solution, the AO Spine Classification is 
currently the most valuable and reliable 
tool that is available for communication, 
patient care and research in TL fractures.

Imaging  modalities in TL fractures
Classification of TL fractures and 
decision making on its management 
relies heavily on radiological evaluation. 
A ntero -poster ior  (A P) or  lateral 
radiographs (with additional swimmer’s 
and coned-down views for evaluation of 
cer vico-thorasic and lumbo-sacral 
regions, respectively) can provide vital 
clues regarding the nature of injury, 
involvement of spinal columns and 
possible classification. More advanced 
imaging like CT and MRI provide more 
accurate del ineation of  poster ior 
vertebral body wall fractures, spinal canal 
obliteration, status of spinal cord and 
injuries to the posterior column. The 
e m p h a s i s  o n  P L C  i n j u r y  b e i n g 
considered as an independent variable in 
the assessment of TL fracture instability 
was first instituted by Vaccaro et al. and 
hyperintense signal changes on short tau 
inversion recovery (STIR) images can 
accurately identify this injury [22]. 
Although the principle of “all for all” may 
provide the most accurate assessment of 
injury, this approach tremendously 
enhances the costs involved and the 
financial strains placed on health care 
system [23]. 
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1 Morphology -Compression 1 -Radiographs

-Burst 2 -CT

-Translation/ 

Rotation
3

-Distraction 4

2 Integrity of PLC -Intact 0 -MRI

-Suspected 2

-Injured 3

3 Neurological -Intact 0
-Physical 

Examination

Status -Nerve root 2

-Complete cord 2

-Incomplete 

cord
3

-Cauda equina 3

Need for 

surgery
0-3 Non-surgical

4
Surgeon’s 

preference

>4 Surgical

Table 1: TLICS score: Individual Predictors

Predicts



In a study by Rajasekaran et al. [24] 
involving 41 spine surgeons worldwide, 
43.4% of fractures could be correctly 
c l a s s i f i e d  a c c o r d i n g  t o  t h e  A O 
classification system on the basis of plain 
radiographs alone. CT and MRI further 
increased this percentage by 18.2% and 
2.2%, respectively. AO type A fractures 
could be classified in 51.7% of patients, 
based on plain X-rays. All the three 
modalities had similar accuracy in 
diagnosing Type C fractures. MRI 
showed a statistically greater sensitivity 
in identif ying type B fractures, as 
compared with CT imaging. Based on 

their observations, they concluded that 
although MRI conferred a modest 
benefit in the diagnosis of B2 fractures 
(fig. 2), routine need for MRI for 
classification, assessment of  instability 
o r  n e e d  f o r  s u r g e r y  w a s  n o t 
recommended. In another study, it was 
proposed that presence of kyphosis 
greater than 20° (sensitivity of 85% and 
c o n f i d e n c e  i n t e r v a l  6 4 - 9 5 )  o n 
emergency room plain radiographs and 
inter-spinous distance widening greater 
than 2 mm (sensitivity of 90% and 
c o n f i d e n c e  i n t e r v a l  7 0 - 9 7 )  o n 
emergency room plain radiographs or 

CT scan could potentially indicate an 
underlying  PLC  injury  [25]. 
Si x ta  et  a l .  [26] had proposed a 
thoracolumbar spine clearance protocol, 
similar to the cervical spine clearance 
criteria (table 3) to assess the need for an 
initial spine evaluation in trauma 
patients. In patients younger than 14 
years, plain radiographs have been 
definitively shown to be the initial 
investigation of choice; nevertheless, the 
verdict is not very clear in older patients 
[27]. CT scan is currently the standard 
advanced imaging modality for the initial 
evaluation of TL fractures. Khurana B et 
al. [28] had recently proposed the 
feasibility of using a focused MRI in 
serious trauma situations, in order to 
ba l a n c e  t h e  a d v a n t age  o f  b e tte r 
assessment of PLC with the necessity to 
per for m the  invest igat ion rather 
expeditiously. They described the 
“focused zone” as the region of spine 
extending from 3 levels proximal to 3 
levels distal to the fractured vertebral 
segment (as  identi f ied on CT or 
radiograph). In their study, such a 
focused MRI protocol involved short tau 
inversion recovery (STIR), sagittal T2, 
sagittal T1 and axial T2 sequences of the 
focused zone; and could be performed in 
15 minutes (as compared with the usual 
45-minute study period). Although 15% 
of non-contiguous fractures were missed 
in the distant zone (beyond the focused 
zone) of  the spinal column, none of  
these injuries were clinically significant 
injuries. Nevertheless, there are other 
proponents for considering whole body 
imaging in any patient with an identified 
spine fracture too, keeping in view the 
possibi l ity of occurrence of non-
contiguous spinal  injuries [29,30]. 
Thus, although we do not still have the 
definitive answer, the best possible 
approach is to consider initial evaluation 
with plain X-rays, with a low threshold to 
consider more advanced imaging like CT 
scanin patients with a suspicion for 
fracture (especially in patients older than 
14 years). The need for MRI scan, as an 
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Table 2- AO Classification

Fracture Morphology Thoraco-lumbar Modifiers

Type A – Describes compression injuries to 
vertebral body

A0 –  Mechanically insignificant fractures 

(spinous or transverse process fractures)

A1 –  Compression or impaction fractures 

involving single end plate (without involvement 

of posterior wall of vertebral body)

M1 – Indeterminate injury to the tension 

band, based on MRI or clinical examination

A2 – Coronal split or pincer-type fractures, with 

involvement of both end plates (without 

involvement of posterior wall of vertebral body)

A3 –  Incomplete burst fractures, with 

involvement of a single end-plate

M2 – Patient-specificcomorbidity, like 

ankylosing spondylitis, diffuse idiopathic 

skeletal hyperostosis (DISH) or burn 

injuries overlying the injured spine

A4 -  Complete burst fractures, with 

involvement of a single end-plate

N0 —Neurologically intact

N1 —Transient neurological deficit

N2 —Evidence of radiculopathy

N3 —Incomplete spinal cord or cauda 
equina injury

N4 —Complete spinal cord injury

NX —Neurology undetermined 

Type B – Tension Band Injury

B1 – Monosegmental osseous failure of 

posterior tension band, extending onto 
vertebral body

B2 – Disruption of posterior tension band with 
or without osseous involvement

B3 – Anterior tension band injury with 

separation of anterior structures

Type C – Displacement/ Translational Injury

Table 2: AO Classification



additional mode of imaging, may be 
considered on a case-to-case basis. 

Operative versus non- operative 
treatment; and the role of  bracing
As previously mentioned, there are still 
no clear guidelines on TL fracture 
management. The decision to consider 
c o n s e r v a t i v e  v e r s u s  s u r g i c a l 
management of these fractures is 
predominantly based on neurological 
status and spinal column stability. In 
general, based on the AO classification, 
surgical  inter vention is  general ly 
considered for types A fractures, when 
the compression is more than 50%, 
involvement of 3 or more contiguous 
levels and PLC injury is suspected (more 
than 30° kyphosis) or present; and all 
type B and C  fractures [31] (fig. 3). 

AO type A0 fractures typically do not 
require any intervention. AO types A1 
and A2 fractures are conservatively 
managed with bracing extending over 2 
or 3 months. The main purpose of brace 
is to restrict spinal flexion, thereby 
enabling transfer of minimal loads across 
t h e  a n t e r i o r  c o l u m n .  I t  i s  a l s o 
recommended that standing AP and 
lateral X-rays need to be obtained before 
committing the patient to non-operative 
management with bracing. Similarly, AO 
ty pes A3 and A4 fractures (<30° 
kyphosis, <50% collapse and <50% 
spinal canal compromise) are also 
amenable to conservative treatment with 
bracing. A thoraco-lumbo-sacral brace 
(TLSO), which enables immobilization 
of spine in relative extension (3-point 
compression principle) can stabilize 
spine and prevent any development of 
kyphotic collapse. The duration of 
bracing extends over 8 to 12 weeks, with 
regular standing radiographs obtained 
ever y  4  to 6 week s.  Progressive 
deformity, persistent back pain and any 
neurological symptoms may indicate 
failure of non-operative treatment [32, 
33,34,35]. 

Surgical approaches
In the surgical group, the approaches that 
may be broadly considered include 
a n t e r i o r,  l a t e r a l ,  p o s t e r i o r  o r  a 
combination of anterior and posterior 
techniques. Although there is extensive 
literature on the different surgical 
techniques for fracture reduction and 
stabilization, there is still no consensus 
on the ideal treatment. The expertise and 
preference of the treating surgeon play a 
major role in the decision making 
regarding the surgical approach [36]. 
Posterior spinal instrumentation is the 
most frequent fixation in TL fractures, 
owing to the low incidence of morbidity 
and mortality [37]. Certain studies have 
revealed some loss of correction over 
time with posterior spinal fixation. 
Without an additional reinforcement of 
the anterior support, the vertebral body 
and the intervertebral (IV) discs can 
undergo progressive collapse by around  
7 to 9°38. Curfs et al. [39] revealed that 
type A3 and T12-L1 level fractures carry 
a high risk for developing progressive 
kyphosis. In posterior-only fixation, it 
has been demonstrated that 1/1 (one 
level proximal and distal) constructs did 
not maintain correction adequately. 

Based on the existing literature, 2/2 
posterior-only constructs have been 
recommended as adequate fixation in TL 
fracture scenarios, with the addition of 
another proximal and distal level of 
fixation to the 2/2 constructs not 
contributing any further to the strength 
and stability [31,40]. The loss of 
correction in posterior-only fixation has 
however not been associated with poorer 
clinical outcome in certain previous 
studies [41]. On the contrary, Seo et al. 
[ 4 2 ]  d i d  o b s e r v e  a  s i g n i f i c a n t 
relationship between residual post-
operative thoracolumbar kyphosis 
(>10°) and poorer radiological and 
clinical outcome. Kanezaki et al. [43] 
also emphasized on the importance of 
severity of intervertebral disc injury 
(IDI) in TL fractures; and concluded 
that the long-term prognosis for kyphosis 
progression following implant removal is 
primarily dependent on the damage 
imparted to the discal element at the time 
o f  i n j u r y  (r at h e r  t h a n  t h e  b o ny 
morphology). 
The Spine Study Group of German 
A s s o c i a t i o n  o f  Tr a u m a  S u r g e r y 
demonstrated through a prospective 
multicenter study involving 448 patients 
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Table 3:Thoracolumbar Spine Clearance

Thoracolumbar spine imaging - Indicated in patients who meet any of 

the following criteria:

High mechanism of injury

—Fall > 10 feet

—Ejection from motor vehicle

—Motorcycle crashes

—High velocity MVA

—Pedestrian struck by motor vehicle

Abnormal clinical presentation

—Back pain

—Point tenderness

—Neurologic deficit

—Altered mental status (GCS <15)

Other abnormal findings

—Multiple/ distracting injuries

—Cervical spine injury

—Head injury
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treated with posterior-only approach, as 
against 197 patients treated with a 
combined approach [44-46]. There was 
a significantly better correction of a post-
traumatic kyphotic deformity in patients 
treated with combined approach, as 
compared with posterior-only approach. 
However, posterior-only approach is 
associated with significantly shorter 
duration and less blood loss, both of 
w h i c h  m a y  b e  a d v a n t a g e o u s  i n 
polytrauma or high risk scenarios. 
While posterior approaches can achieve 
i n d i r e c t  d e c o m p r e s s i o n  w i t h 
ligamentotaxis and realignment of spinal 
segments, approaching the fractured 
vertebra anteriorly can enable direct 
access to the ventrally impinging bone 
f r a g m e n t s  a n d  p r o v i d e  d i r e c t 
decompression of the neural elements 
[47]. However, in burst fractures not 
associated without neurological deficits, 
it has been shown that the retropulsed 
fragments and the spinal canal do 
undergo significant remodeling over 
time, raising a question on whether 
clearing those fragments is of any benefit 
at all. In addition to posterior spinal 
fixation, addition of vertebroplasty or 
balloon kyphoplasty to regain vertebral 
body height has been gaining popularity 
recently [48-51]. 
Minimally invasive approaches have 
been reported to help in achieving 
fixation in TL fractures, with much less 
morbidity. In a systematic review by  
Phan et al. [52] there was a statistically 
significant reduction in the length of stay 
in MIS approaches, as compared with 
open surger ies .  In  a  randomized 
controlled study (RCT) by Chang et al. 
[52], comparison was made between 
thoracolumbar fractures treated with 
open reduction and internal fixation via 
posterior paraspinal muscle approach 
(PPMA) and those treated with the 
traditional posterior midline approach 
(PA). The PPMA approach involved 
blunt dissection through the interval 
between multifidus and longissimus. The 
PPMA approach required longer surgical 

time and radiation exposure time than PA 
approach. Nevertheless, PPMA provided 
several advantages including small 
volume of blood loss, lower post-
operative drain output, better post-
operative pain relief and better functional 
outcome as compared to PA approach. 
Dhall et al. [54] described an algorithm, 
based on the TLICS score for assisting 
the surgeon in formulating treatment 
plan for minimally invasive (MI) surgical 
option in TL fractures. Based on their 
approach, patients with TLICS <4 are 
candidates for external bracing, TLICS = 
4 are candidates for external bracing, 
open surgery or MI surgery [anterior or 
lateral approach – for fusion; versus 
p o s t e r i o r  a p p r o a c h  –  i n c l u d i n g 
percutaneous fixation (DISH, AS), MI 
decompression and MI corpectomy]; 
and pat ients  w ith  TLICS >4 are 
candidates for open posterior surgery; or 
anter ior/lateral  MI approach for 
c o r p e c t o m y  a l o n g  w i t h  o p e n / 
percutaneous posterior instrumentation. 
They cautioned against universal 
application of percutaneous implants in 
the form of “internal brace” and delayed 
implant removal, as there is still unclear 
evidence on the long-term efficacy of 
such an approach and the screw-bone 
interface may gradually loosen in the long 
run.  
A n o t h e r  i m p o r t a n t  f a c to r  to  b e 
considered in spinal fixation is the length 
of instrumentation. W hile type A 
fractures do well with short segment 
instrumentation, type B and type C 
fractures need longer segment fixation. 
Based on the report by Kanna et al. [55], 
the middle pedicle screw typically acts as 
the forward driving point, forming a 
string force for reduction and kyphosis 
correction. It has also been suggested that 
single axis screws aid better in reduction, 
as co pared to polyaxial screws [56]. 
T h u s ,  l i t e r a t u r e  i s  s t i l l  l a r g e l y 
inconclusive on the ideal approach for 
the management of TL fractures. In a 
recent meta-analysis published by Tan et 
al. [57] comparing anterior versus 

posterior approaches for TL fractures, no 
differences were observed between the 
two approaches with regard to the length 
and cost of hospital stay, late kyphotic 
angle, construct failure or instrument 
revision rates and return to work. The 
authors concluded that given the 
similarities in neurological, radiological 
and functional outcomes between the 
two approaches, the significantly longer 
duration of surgery, as well as estimated 
blood loss need to considered as 
important factors by the surgeon, prior to 
deciding upon the approach. They 
recommended the need for high quality 
research on this subject to understand 
this issue better. The philosophy in our 
hospital regarding the surgical approach 
is also quite similar. Over the past years, 
we have drifted towards all-posterior 
approach for most of the TL injuries in 
view of  the aforementioned factors.

Role of  decompression and steroids 
in neurological recovery  in  SCI
Various studies have recommended 
surgical intervention in TL fractures 
( t y p e s  A 3  a n d  A 4 )  i n  o r d e r  t o 
decompress the spinal canal and clear the 
retropulsed bony fragments. Surgical 
decompression of the spinal cord, either 
directly by manually removing the 
fragments or corpectomy, or indirectly 
through ligamentotaxis, is traditionally 
the accepted line of management for TL 
burst fractures. Nevertheless, the critical 
degree of canal compromise and the need 
f o r  s u c h  a  c a n a l  d e c o m p re s s i o n 
universally in all patients with TL 
fractures is still largely ambiguous [58]. 
Meves et al.  [59] demonstrated a 
significant positive correlation between 
the degree of canal compromise and 
severity of incomplete neurological 
deficit (Frankel types B, C and D). 
Hashimoto et al. [60] also observed an 
association between neurodeficit and 
spinal canal compromise. Fontine et al. 
[ 6 1 ]  c o n c l u d e d  t h at  a l t h o u g h  a 
significant correlation between the 
occurrence of neurological deficit and 
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canal compromise existed, there was no 
further correlation between the degree of 
co m p ro m i s e  an d  t h e  s ever i t y  o f 
neurodeficit (based on Frankel grades). 
However, certain other studies have 
demonstrated no significant association 
between the degree of canal compromise 
a n d  n e u r o l o g i c a l  s t a t u s .  S u c h 
observations have been explained by the 
hypothesis that neurological deficit 
occurs at the time of injury, when 
anatomy of the vertebra is maximally 
distorted, and imaging (CT or MRI) 
hours after the injury does not accurately 
reflect the actual displacement at the 
moment of violation of neural elements 
[58,62].
It  ha s  a l s o  b een  s h ow n  t hat  t h e 
retropulsed fragments gradually clear 
f rom the spinal  canal  w ith t ime. 
Kinoshita et al. [63] reported that bony 
fragments gradually reduced to 50% of 
the initial size within one year post-injury 
and then get completely resorbed within 
5 years.  Other studies have also observed 
that spinal canal remodeling usually 
starts within 2-3 weeks post-injury, and 
therefore a significant amount of canal 
clearance happens within the first 3-4 
weeks. Miyashitaet al. [58] reported that 
based on these observations, bony 
fragments visible in the spinal canal 
might not truly represent an ongoing 
compression and therefore, clearance of 
these fragments might not be truly 
required in most instances. 
The literature is still unclear on whether 
d e c o m p r e s s i o n  e n h a n c e s  t h e 
neurological  recover y in patients 
following TL injuries. Some studies have 
recommended anterior decompression 
and stabilization in AO types A3 and A4 
fractures, and observed that the degree of 
neurological  improvement var ied 
between 1.7 and 1.9 Frankel grades post-
operatively [64,65]. Nevertheless, other 
studies have not demonstrated any 
significant neurological improvement in 
patients who underwent spinal canal 
decompression, as compared to those 
who did not [58]. In a comparative study 

between patients who under went 
anterior decompression and fusion and 
posterior non-decompression surgeries, 
Dall et al. [66] concluded that the initial 
fracture pattern (including kyphotic 
collapse) was the only factor which 
correlated with neurological recovery. 
Recent studies have described the roles 
of minimally invasive procedures, in the 
form of percutaneous pedicle screw 
fixation and ligamentoxis (indirect 
decompression) and mini-open lateral 
approaches for corpectomy and anterior 
column support for TL SCI patients 
[67]. At our institution, we do not 
perform decompression in AO types A3 
a n d  A 4  f r a c t u r e s  w i t h o u t  a n y 
neurodeficit. However, in patients with 
neurological deficits, we do perform 
appropriate decompression, so as to 
allow maximal chances of recovery. 
There is also sufficient evidence to 
suggest that early decompression within 
24 hours after SCI is safe and can be 
potential ly associated with better 
neurological outcome [67].  The general 
recommendation is that surgery should 
be performed as soon as the patient is 
medically  stable.
In the second National Acute Spinal 
Cord Injury Study (NASCIS-2), Bracken 
et al. [68] had shown a small benefit of 
high-dose methyl prednisolone (MP) for 
neurological recovery in patients with 
p o s t - t r a u m a t i c  S C I .  T h e y  h a d 
recommended that the drug should be 
administered within the initial 8 hours. 
The rationale underlying the purported 
utility of MPs was based on its ability to 
inhibit inflammatory reactions, lipid 
peroxidation and secondary cascade of 
SCI [68]. However, several other studies 
over the past years, have demonstrated 
the inefficiency and significant, potential 
complications associated with MP 
administration in SCI patients [69]. 
Most of the up-to-date pharmacological 
guidelines and recent meta-analyses have 
also recommended against the role of 
h i g h  d o s e  M P s  i n  m e l i o r a t i n g 
neurological recovery in SCIs [69,70]. 

Thus, the current literature is strongly 
against  the use of  MPs  in  SCI  patients.

Dural repair of traumatic dural 
injuries
The incidence of traumatic dural 
lacerations ranges between 18 and 36% 
[71]. The classic fracture patterns 
associated with cerebrospinal fluid 
(CSF) leaks include vertical laminar 
fractures [71]. Patients with traumatic 
dural tears have a very high likelihood of 
associated neurological deficit (almost 
100% in many studies) [72]. The 
complications associated with traumatic 
dural tears are significantly less than 
those associated with iatrogenic dural 
leaks, and the incidence of complications 
[ pseudomeningocele,  meningit is , 
arachnoiditis, epidural abscess, dura-
c u t a n e o u s  f i s t u l a ,  h e m a t o m a , 
entrapment of ner ve root, wound 
complications, headache, and return to 
operating room (OR)] has been reported 
between 1.8 to 3.4% [73-75]. This could 
potentially be due to the more favorable 
heal ing  potent ia l  created  by  the 
inflammation and hematoma formation 
during the post-trauma period [73]. 
Only around 80% of these dural tears are 
reported to be amenable to some form of 
closure, which is significant less than 
iatrogenic  lacerat ions  [73] .  The 
principles of managing these dural 
lacerations are similar to dural tears in 
non-trauma situations, and include 
procedures like conventional dural 
repair, tisseal  (Baxter, Deerfield, IL, 
USA), grafts like Duragen (Integra, 
Plainsboro, NJ, USA), Gelfoam (Baxter, 
Hayward, CA, USA), fat, fascia, or 
muscle [76]. 

Fusion  after  fixation
Another issue of controversy in the 
management of  TL fractures includes 
the role of fusion versus instrumentation-
sans-fusion approach in TL fractures. 
While several studies had recommended 
posterior fusion in AO type A fractures 
[77,78], some studies claimed no 
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additional benefit [79-81]. Jindal et al. 
[81] reported in 2012 that fusion offered 
no additional benefit in TL AO type A3 
or A4  fractures. In a recent meta-analysis 
too, there was no improvement of  
cl inical  or radiological  outcomes 
fol low ing f usion procedure,  w ith 
additional risks of  increased surgical 
time and intraoperative bleeding. More 
recent studies have supported the role of 
percutaneous pedicle screw fixation, as 
an alternative means to provide “internal 
bracing” for the AO type A fractures [82] 
(fig. 4). Traditionally, AO type B and C 
fractures have been managed by open 
posterior fusion with long segment 
fixation. AO type B1 fractures usually 
heal well once the anatomical alignment 
is achieved. Therefore, these injuries are 
a l s o  a m e n a b l e  t o  p o s t e r i o r 
instrumentation without fusion [83]. 
Grossbach et al. [84] compared the 
outcome of percutaneous “internal 

fixation” and open posterior fusion in 
patients with AO  type B2  fractures. 
They concluded that there was no 
difference in kyphosis between these two 
g ro u p s ,  a n d  M I S  g ro u p  w a s  n o t 
associated with any progression of 
kyphosis with time. They recommended 
that the posterior implants in these 
patients may not be routinely removed, 
u n l e s s  s p e c i f i c a l l y  i n d i c a t e d  o r 
symptomatic.  In a recent literature 
review, Chu et al .  concluded that 
although the early results so far have been 
encouraging, there is still inadequate 
literature to definitely support the role of 
instrumentation-sans-fusion surgery in 
patients with AO type B2 fractures 
[83,85].

Conclusion:
Thoracolumbar fractures are a diverse 
group of injuries. Apart from the fracture 
morphology, general condition of the 

patient (and co-morbidit ies) and 
neurological status play an important 
role in decision making and management 
of these injuries.  Recent fracture 
classifications have tried to incorporate 
these factors too into consideration. 
Overall, there is still a lot of ambiguity in 
the management of these fractures, and 
the line of management must depend not 
only upon the general guidelines, but also 
tailored specifically on a case-to-case 
basis depending upon the patients’ 
needs.  We have comprehensively 
descr i bed the var ious  aspects  of 
management of these complex injuries 
and would like to emphasize that future 
large scale randomized controlled trials 
focusing on diverse issues related to these 
fractures can help us understand these 
injuries better and ameliorate the patient 
care. 

References
1. Yi L, Jingping B, Gele J, Taixiang W, Baoleri X. Operative versus non-operative treatment 

for thoracolumbar burst fractures without neurological deficit. Cochrane Database 
Syst Rev. 2006;4:005079. 10.1002/14651858.CD005079.pub2.

2. Dislokasyonlu TB, Ameliyat TT, Serisi V. Single-stage operation for traumatic 
thoracolumbar fractures with severe dislocation via a posterior approach alone: a case 
series. Turk Neurosurg. 2013;23:170-8. 10.5137/1019-5149.JTN.5782-12.2.

3. Heinzelmann M, Wanner G. Thoracolumbar spinal fractures. Spinal Disorders. 
Fundamentalsof Diagnosis and Treatment. 1st Edition. Boos N, Aebi M (ed): 
Springer Science & BusinessMedia, Berlin. 2007;883-923.

4. Hariri O R, Kashyap S, Takayanagi A, et al. (March 09, 2018) Posterior-only 
Stabilization for Traumatic Thoracolumbar Burst Fractures. Cureus 10(3): e2296. 
DOI 10.7759/cureus.2296.

5. el-Khoury GY, Whitten CG. Trauma to the upper thoracic spine: anatomy, 
biomechanics, and unique imaging features. AmJ Roentgenol. 1993;160(1):95-102.

6. Wood KB, Li W, Lebl DR, Ploumis A. Management of thoracolumbar spine fractures. 
Spine J. 2014;14(1):145-64.

7. Cahueque M, Cobar A, Zun˜ iga C, Caldera G. Management of burst fractures in the 
t h o r a c o l u m b a r  s p i n e .  J  O r t h o p .  2 0 1 6 ; 1 3 ( 4 ) : 2 7 8 – 8 1 . 
https://doi.org/10.1016/j.jor.2016.06.007.

8. Verlaan JJ, Diekerhof CH, Buskens E, et al. Surgical treatment of traumatic fractures of 
the thoracic and lumbar spine: a systematic review of the literature on techniques, 
complications, and outcome. Spine (Phila Pa 1976). 2004;29(7):803–14. https:// 
doi.org/10.1097/01.BRS.0000116990.31984.A9.

9. van Middendorp JJ, Audigé L, Hanson B, et al. What should an ideal spinal injury 
classification system consist of? A methodological review and conceptual proposal for 
future classifications. Eur Spine J. 2010;19:1238–49. 

10. Vaccaro AR, Lehman RA Jr, Hurlbert RJ, et al. A new classification of thoracolumbar 
injuries: the importance of injury morphology, the integrity of the posterior 
ligamentous complex, and neurologic status. Spine (Phila Pa 1976). 
2005;30:2325–33.

11. Vaccaro AR, Hulbert RJ, Patel AA, et al. The subaxial cervical spine injury 

classification system: a novel approach to recognize the importance of morphology, 
neurology, and integrity of the disco-ligamentous complex. Spine (Phila Pa 1976). 
2007;32:2365–74.

12. Hamilton K, Josiah DT, Tierney M, Brooks N. Surgical Practice in Traumatic Spinal 
Fracture Treatment with Regard to the Subaxial Cervical Injury Classification and 
Severity and the Thoracolumbar Injury Classification and Severity Systems: A 
Review of 58 Patients at the University of Wisconsin. World Neurosurg. 
2019;127:e101-e107. https://doi.org/10.1016/j.wneu.2019.02.141.

13. Lee JY, Vaccaro AR, Lim MR, et al. Thoracolumbar injury classification and severity 
score: a new paradigm for the treatment of thoracolumbar spine trauma. J Orthop Sci. 
2005;10:671-5.

14. Vaccaro AR, Oner C, Kepler CK, et al. AOSpine thoracolumbar spine injury 
classification system: fracture description, neurological status, and key modifiers. 
Spine (Phila Pa 1976). 2013;38:2028–37.

15. Vaccaro AR, Koerner JD, Radcliff KE, et al. AOSpine subaxial cervical spine injury 
classification system. Eur Spine J. 2016;25: 2173–84.

16. Azimi P, Mohammadi HR, Azhari S, et al. The AOSpine thoracolumbar spine injury 
classification system: a reliability and agreement study. Asian J Neurosurg. 
2015;10:282–5.

17. Kepler CK, Vaccaro AR, Koerner JD, et al. Reliability analysis of the AOSpine 
thoracolumbar spine injury classification system by a worldwide group of naïve spinal 
surgeons. Eur Spine J. 2016;25:1082–6.

18. Schnake KJ, Schroeder GD, Vaccaro AR, Oner C. AOSpine Classification Systems 
(Subaxial, Thoracolumbar). J Orthop Trauma. 2017;31(9):14-23.

19. Sadiqi S, Oner FC, Dvorak MF, et al. The influence of spine surgeons’ experience on the 
classification and intraobserver reliability of the novel AOSpine thoracolumbar spine 
injury classification system-an international study. Spine (Phila Pa 1976). 
2015;40:1250–6.

20. Cheng J, Liu P, Sun D, et al. Reliability and reproducibility analysis of the AOSpine 
thoracolumbar spine injury classification system by Chinese spinal surgeons. Eur 
Spine J. 2017;26:1477–82.



18  International Journal of Spine  Volume 4  Issue 2  July-December 2019   Page 10-19| | | | |

www.ijsonline.co.inViswanathan V K & Kanna R M

21. Kaul R, Chhabra HS, Vaccaro AR, et al. Reliability assessment of AOSpine 
thoracolumbar spine injury classification system and Thoracolumbar Injury 
Classification and Severity Score (TLICS) for thoracolumbar spine injuries: results 
of a multicentre study. Eur Spine J. 2017;26:1470– 6.

22. Hiyama A, Watanabe M, Katoh H, Sato M, Nagai T, Mochida J. Relationships 
between posterior ligamentous complex injury and radiographic parameters in 
patients with thoracolumbar burst fractures. Injury. 2015;46(2):392–8.

23. Tomycz ND, Chew BG, Chang YF, Darby JM, Gunn SR, Nicholas DH, et al. MRI is 
unnecessary to clear the cervical spine in obtunded/comatose trauma patients: the 
four-year experience of a level I trauma center. J Trauma. 2008;64:1258–63. 
doi:10.1097/TA.0b013e318166d2bd.

24. Rajasekaran S, Vaccaro AR, Kanna RM, Scroeder GD, Oner FC, Vialle L, et al. The 
value of CT and MRI in the classification and surgical decision-making among spine 
surgeons in thoracolumbar spinal injuries. Eur Spine J. 2016. DOI 10.1007/s00586-
016-4623-0.

25. Rajasekaran S, Maheswaran A, Aiyer SN, Kanna R, Dumpa SR, Shetty AP. 
Prediction of posterior ligamentous complex injury in thoracolumbar fractures using 
non-MRI imaging techniques. International orthopaedics. 2016;40(6):1075-81.

26. Sixta S, Moore FO, Ditillo MF, et al. Screening for thoracolumbar spinal injuries in 
blunt trauma. J Trauma Acute Care Surg. 2012;73:326-32.

27. Daffner RH, Hackney DB: ACR appropriateness criteria_ on suspected spine trauma. 
J Am Coll Radiol. 2007; 4:762-75.

28. Khurana B, Karim SM, Zampini JM, Jimale H, Cho CH, Harris MB, et al. 
Christopher M. Bono MD , Is Focused MRI Adequate for Treatment Decision-
Making in Acute Traumatic Thoracic and Lumbar Spine Fractures seen on Whole 
s p i n e  C T ?  T h e  S p i n e  J o u r n a l .  2 0 1 8 .  d o i : 
https://doi.org/10.1016/j.spinee.2018.08.010.

29. Kanna RM, Gaike CV, Mahesh A, et al. Multilevel non-contiguous spinal injuries: 
Incidence and patterns based on whole spine MRI. Eur Spine J. 2016;25:1163-9.

30. Sixta S, Moore FO, Ditillo MF, et al: Screening for thoracolumbar spinal injuries in 
blunt trauma. J Trauma Acute Care Surg. 2012;73:326-32.

31. Panteliadis P, Musbahi O, Muthian S, Goyal S, Montgomery AS, Ranganathan A. A 
Comparison of Three Different Methods of Fixation in the Management of 
Thoracolumbar Fractures. International Journal of Spine Surgery. 2018;12(1):1–7.

32. Chang V, Holly LT. Bracing for thoracolumbar fractures. Neurosurg Focus. 2014;37 
(1):E3. DOI:10.3171/2014.4.FOCUS1477.

33. Wood K, Buttermann G, Mehbod A, Garvey T, Jhanjee R, Sechriest V. Operative 
compared with nonoperative treatment of a thoracolumbar burst fracture without 
neurological deficit. A prospective, randomized study. J Bone Joint Surg Am. 2003;85-
A:773–81. (Erratum in J Bone Joint Surg Am 86- A:1283, 2004).

34. Esses SI, McGuire R, Jenkins J, Finkelstein J, Woodard E, WattersWC III, et al: 
American Academy of Orthopaedic Surgeonsclinical practice guideline on: the 
treatment of osteoporotic spinalcompression fractures. J Bone Joint Surg Am. 
2011;93:1934–6. 

35. Pfeifer M, Begerow B, Minne HW: Effects of a new spinal orthosis on posture, trunk 
strength, and quality of life in women with postmenopausal osteoporosis: a 
randomized trial. Am J Phys Med Rehabil. 2004;83:177–86.

36. Wood KB, Li W, Lebl DS, Ploumis A. Management of thoracolumbar spine fractures. 
Spine J. 2014;14(1):145–64. https://doi.org/10.1016/j.spinee.2012.10.041.

37. Okten AI, Gezercan Y, Ozsoy KM, et al. Results of treatment of unstable 
thoracolumbar burst fractures using pedicle instrumentation with and without 
fracture-level  screws.  Acta Neurochir (Wien).  2015;157(5):831–6.  
https://doi.org/10.1007/s00701-015-2383-y.

38. Aono H, Tobimatsu H, Ariga K, et al. Surgical outcomes of temporary short-segment 
instrumentation without augmentation for thoracolumbar burst fractures. Injury. 
2016;47(6):1337–44. https://doi.org/10.1016/j.injury.2016.03.003.

39. Curfs I, Grimm B, LindeMvan der, Willems P, Hemert W van. Radiological prediction 
of posttraumatic kyphosis after thoracolumbar fracture. Open Orthop J. 
2016;10(1):135–42. https://doi.org/10.2174/1874325001610010135.

40. Waqar M, Van-Popta D, Barone DG, Bhojak M, Pillay R, Sarsam Z. Short versus 
long-segment posterior fixation in the treatment of thoracolumbar junction fractures: 
a comparison of outcomes. Br J Neurosurg. 2017;31(1):54–7. https://doi. 
org/10.1080/02688697.2016.1206185.

41. Hariri O R, Kashyap S, Takayanagi A, et al. Posterior-only Stabilization for 
Traumatic Thoracolumbar Burst Fractures. Cureus. 2018;10(3):2296. DOI 
10.7759/cureus.2296.

42. Seo DK, Kim CH, Jung SK, Kim MK, Choi SJ, Park JH. Analysis of the Risk Factors for 
Unfavorable Radiologic Outcomes after Fusion Surgery in Thoracolumbar Burst 
Fracture : What Amount of Postoperative Thoracolumbar Kyphosis Correction is 
R e a s o n a b l e ?  J  K o r e a n  N e u r o s u r g  S o c .  2 0 1 9 ; 6 2  ( 1 ) : 9 6 - 1 0 5 . 
https://doi.org/10.3340/jkns.2017.0214. 

43. Kanezaki S, Miyazaki M, Ishihara T, Notani N, Tsumura H. Magnetic resonance 
imaging evaluation of intervertebral disc injuries can predict kyphotic deformity after 
posterior fixation of unstable thoracolumbar spine injuries. Medicine. 
2018;97(28):e11442.

44. Knop C, Blauth M, Buhren V, et al. Surgical treatment of injuries of the 
thoracolumbartransition. 2: operation and roentgenologic findings [Article in 
German]. Unfallchirurg. 1999;103:1032-47. 10.1007/s001130050667.

45. Knop C, Blauth M, Buhren B, et al. Surgical treatment of injuries of the 
thoracolumbartransition-3: follow-up examination. Results of a prospective multi-
center study by the“Spinal” Study Group of the German Society of Trauma Surgery 
[ A r t i c l e  i n  G e r m a n ] .  U n f a l l c h i r u r g .  2 0 0 1 ; 1 0 3 : 5 8 3 - 6 0 0 . 
10.1007/s001130170089.

46. Reinhold M, Knop C, Beisse R, et al. Operative treatment of 733 patients with 
acutethoracolumbar spinal injuries: comprehensive results from the second, 
prospective, internetbasedmulticenter study of the Spine Study Group of the German 
Association of TraumaSurgery. Eur Spine J. 2010;19:1657-76. 10.1007/s00586-
010-1451-5.

47. Been HD, Bouma GJ. Comparison of two types of surgery for thoraco-lumbar burst 
fractures: combined anterior and posterior stabilisation vs. posterior instrumentation 
only. Acta Neurochir. 1999, 141:349-57. 10.1007/s007010050310.

48. Korovessis P, Repantis T, Petsinis G, Iliopoulos P, Hadjipavlou. Direct reduction of 
thoracolumbar burst fractures by means of balloon kyphoplasty with calcium 
phosphate and stabilization with pedicle-screw instrumentation and fusion. Spine. 
2008;33:100-8.10.1097/BRS.0b013e3181646b07.

49. Marco R, Meyer B, Kushwaha V. Thoracolumbar burst fractures treated with posterior 
decompression and pedicle screw instrumentation supplemented with balloon-
assisted vertebroplasty and calcium phosphate reconstruction: surgical technique. J 
Bone Joint Surg Am. 2010;92:67-76. 10.2106/JBJS.I.01236. 

50. Hariri O, Takayanagi A, Miulli DE, Siddiqi J, Vrionis F. Minimally invasive surgical 
techniques for management of painful metastatic and primary spinal tumors. Cureus. 
2017;9:1114. 10.7759/cureus.1114

51. Takayanagi A, Hariri O, Ghanchi H, et al. Unusual metastasis of papillary thyroid 
cancer to the thoracic spine: a case report, new surgical management proposal, and 
review of the literature. Cureus. 2017;9:1132. 10.7759/cureus.1132.

52. Phan K, Rao PJ, Mobbs RJ. Percutaneous versus open pedicle screw fixation for 
treatment of thoracolumbar fractures: systematic review and meta-analysis of 
comparative studies. Clin Neurol Neurosurg. 2015;135:85–92.

53. Chang W, Zhang D, Liu W, Lian X, Jiao Z, Chen W. Posterior paraspinal muscle versus 
post-middleapproach for the treatment of thoracolumbarburst fractures. A 
randomized controlled trial. Medicine. 2018;97(25):e11193.

54. Dhall SS, Wadhwa R, Wang MY, Tien-Smith A, Mummameni P. Traumatic 
thoracolumbar spinal injury: an algorithm for minimally invasive surgical 
management. Neurosurg Focus. 2014;37 (1):E9. 

55. Mac-Thiong JM, Parent S, Poitras B, et al. Neurological outcome and management of 
pedicle screws misplaced totally within the spinal canal. Spine (Phila Pa 1976) 
2013;38:229–37.

56. Kanna RM, Shetty AP, Rajasekaran S. Posterior fixation including the fractured 
vertebra for severe unstable thoracolumbar fractures. Spine J. 2015;15:256–64.



19  International Journal of Spine  Volume 4  Issue 2  July-December 2019   Page 10-19| | | | |

www.ijsonline.co.inViswanathan V K & Kanna R M

57. T. Tan, J. Rutges, T. Marion et al. Anterior versus posterior approach in traumatic 
thoracolumbar burst fractures deemed for surgical management: Systematic review 
and meta-analysis. JClinNeurosc. https://doi.org/10.1016/j.jocn.2019.07.083.

58. Miyashita T, Ataka H, Tanno T. Clinical results of posterior stabilization without 
decompression for thoracolumbar burst fractures: is decompression necessary? 
Neurosurg Rev (2012) 35:447–455. DOI 10.1007/s10143-011-0363-0.

59. Meves R, Avanzi O. Correlation between neurological deficit and spinal canal 
compromise in 198 patients with thoracolumbar and lumbar fractures. Spine. 
2005;30:787–91.

60. Hashimoto T, Kaneda K, Abumi K. Relationship between traumatic spinal canal 
stenosis and neurologic deficits in thoracolumbarburst fractures. Spine 
.1998;13:1268–72.

61. Fontijne WP, de Klerk LW, Braakman R, Stijnen T, Tanghe HL, Steenbeek R et al. CT 
scan prediction of neurological deficit in thoracolumbar burst fractures. J Bone Joint 
Surg Br.1992;74:683–5.

62. Mohanty SP, Venkatram N. Does neurological recovery in thoracolumbar and lumbar 
burst fractures depend on the extent ofcanal compromise? Spinal Cord. 
2002;40:295–9.

63. Kinoshita H, Nagata Y, Ueda H, Kishi K. Conservative treatment of burst fractures of 
the thoracolumbar and lumbar spine. Paraplegia. 1993;31:58–67.

64. Bradford DS, McBride GG. Surgical management of thoracolumbar spine fractures 
with incomplete neurologic deficits. Clin Orthop Relat Res 1987;218:201–16.

65. Kaneda K, Taneichi H, Abumi K, Hashimoto T, Satoh S, Fujiya M. Anterior 
decompression and stabilization with the Kaneda device for thoracolumbar burst 
fractures associated with neurological deficits. J Bone Joint Surg Am. 1997;79:69–83.

66. Dall BE, Stauffer ES. Neurologic injury and recovery patterns in burst fractures at the 
T12 or L1 motion segment. Clin Orthop Relat Res.1988;233:171–6.

67. Walker CT, Xu DS, Godzik J, Turner JD, Uribe JS, Smith WD. Minimally invasive 
surgery for thoracolumbar spinal trauma. Ann Transl Med 2018;6(6):102. doi: 
10.21037/atm.2018.02.10.

68. Bracken MB, Shepard MJ, Collins WF, et al. A randomized, controlled trial of 
methylprednisolone or naloxone in the treatment of acute spinal-cord injury: resultsof 
the Second National Acute Spinal Cord Injury Study. N Engl J Med. 
1990;322:1405–11.

69. Evaniew N, Noonan VK, Fallah N, et al. Methylprednisolone for the treatment of 
patients with acute spinal cord injuries: a propensity score-matched cohort study from 
a Canadian multi-center spinal cord injury registry. J Neurotrauma. 2015;32: 
1674–83.

70. Liu Z, Yang Y, He L, Pan M, Luo C, Liu B, Rong L. High-dose methylprednisolone for 
acute traumatic spinal cord injury A meta-analysis. Neurology® 2019;93:1-10. 
doi:10.1212/WNL.0000000000007998.

71. Ozturk C, Ersozlu S, Aydinli U. Importance of greenstick lamina fractures in low 
lumbar burst fractures. Int Orthop. 2006;30:95–8.

72. Aydinli U, Karaeminogullari O, Tiskaya K, et al. Dural tears in lumbar burst fractures 
with greenstick lamina fractures. Spine. 2001;26:E410–5.

73. Luszczyk MJ, Blaisdell GY, Wiater BP, Bellabarba C, Chapman JR, Agel JA, et al. 
Traumatic dural tears: what do we know and are they a problem? The Spine Journal. 

2014;14:49–56.

74. Khan M, Rihn J, Steele G, et al. Postoperative management protocol for incidental dural 
tears during degenerative lumbar spine surgery. Spine. 2006;31:2609–13.

75. Wang J, Bohlman H, Riew K. Dural tears secondary to operations on the lumbar spine. 
Management and results after a two-year-minimum follow-up of eighty-eight 
patients. J Bone Joint Surg Am. 1998;80: 1728–32

76. Cammisa F Jr, Girardi F, Sangani P, et al. Incidental durotomy in spine surgery. Spine. 
2000;25:2663–7.

77. Qian BP, Qiu Y, Wang B, Yu Y, Zhu ZZ. Effect of posterolateral fusion on 
thoracolumbar burst fractures. Chin J Traumatol 2006;9:349-55.

78. Yung AW, Thng PL. Radiological outcome of short segment posterior stabilization and 
f u s i o n  i n  t h o r a c o l u m b a r  s p i n e  a c u t e  f r a c t u r e .  A n n  A c a d  M e d 
Singapore.2011;40:140–4.

79. Yang H, Shi J, Liu M, et al. Outcome of thoracolumbar burst fractures treated with 
indirect reduction and fixation without fusion. Eur Spine Journal. 2011;20:380–6.

80. Sargın S, Uçar BY, Necmioğlu S, Bulut M, Gem M. Clinical and radiological results of 
posterior instrumentation without fusion for thoracolumbar fractures. African 
Journal of Pharmacy and Pharmacology. 2011;5:819–22.

81. Jindal N, Sankhala SS, Bachhal V.The role of fusion in the management ofburst 
fractures of the thoracolumbar spinetreated by short segment pedicle screwfixation. J 
Bone Joint Surg Br. 2012;94-B:1101–6.

82. Diniz JM, Botelho RV. Is fusion necessary for thoracolumbar burst fracturetreated with 
spinal fixation? A systematic review andmeta-analysis. J Neurosurg Spine. 2017; 
DOI: 10.3171/2017.1.SPINE161014.

83. Chu JK , Rindler RS, Pradilla G, Rodts GE, Ahmad FU. Percutaneous 
InstrumentationWithout Arthrodesisfor Thoracolumbar Flexion-Distraction 
Injuries:A Review of the Literature. Neurosurgery. 2017;80:171–9.

84. Grossbach AJ, Dahdaleh NS, Abel TJ, Woods GD, Dlouhy BJ, Hitchon PW. Flexion-
distraction injuries of the thoracolumbar spine: open fusion versus percutaneous 
pedicle screw fixation. Neurosurg Focus. 2013;35(2):E2.

85. Zhang ZC, Sun TS, Liu Z, Guo YZ, Li LH. Minimally invasive percutaneous 
cannulated pedicle screw system fixation for the treatment of thoracolumbarflexion-
distraction fracture without neurologic impairment. Zhongguo gu Shang. 
2011;24(10):802-5.

How to Cite this Article
Conflict of Interest: NIL
Source of Support: NIL Viswanathan V K, Kanna R M Management Of Thoracolumbar Fractures |  

In Adults: Current Algorithm  International Journal of Spine  July- |  | 

December 2019; 4(2):  10-19.


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10

