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INTRODUCTION
Burst fractures are most common in the thoracolumbar region. It occurs secondary to a
fall from height or following a road traffic accident. Thoracic & lumbar spine are
divided into three regions- thoracic (T1-T10), thoracolumbar junction (T10-L2) &
lumbar spine (L3-L5)(1). Holdsworth described Burst fracture first in the year 1963, as
a fracture caused by axial load leading to the herniation of nucleus pulposus through the
upper end plate leading to the disruption of the vertebra within(2). It was Denis who
later redefined Burst fracture with three column theory as compression fracture of the
anterior and middle vertebral column which leads to retropulsion of the posterior
vertebral body fragment into the spinal canal(2). Though burst fracture is common, the
ideal treatment for burst fracture is still controversial, especially in patients with intact
neurology. Burst fracture can be treated either by operative or nonoperative methods.
There are various factors to be considered in the management of burst fracture such as
the neurological status of the patient, stability of the fracture pattern, patient age and
10

associated co-morbidities. The treatment goal is to prevent further neurological damage,
recovering sagittal balance, achieve adequate stability and fusion, early rehabilitation
and early return to work. The advantages of surgery include shorter period of bed rest
and hospitalization, initial kyphotic deformity correction, decompression of the neural
element (direct or indirect), avoidance of external immobilization with brace and early
return to work. Controversy on how these fractures should be approached (anterior,
posterior and combined) still exist. However stable burst fracture can be treated
conservatively with brace. Conservative treatment in patients with intact neurology
would avoid surgery and its complications.
AIM

To study the functional and radiological outcomes in patients treated for thoracolumbar
burst fractures by various methods (OPERATIVE AND NON-OPERATIVE) from
2007-2016 in Spinal Disorder Surgery unit, Department of Orthopedics, Christian
Medical College.
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OBJECTIVES

1. To assess the neurological recovery using ASIA impairment scale at follow up in
patients with neurological deficits at the time of injury.

2. To assess the functional status using Functional Independent Measure (paraplegic
patients) and Denis work scale in all patients.

3. To analyze the worsening of kyphosis and its correlation with Denis functional pain
scale at follow up
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4. To analyze the degree of loss of correction of the angle of kyphosis at follow up using
various radiographic parameters.

LITERATURE REVIEW

EPIDEMIOLOGY
The incidence of new vertebral fracture is around 5 million worldwide (3). Study by
Hu et al in Canadian population shows an incidence of 64/100,000 of spinal injuries.
Around 160,000 spinal injuries occur every year in North America. Thoracolumbar
region is the most common site of involvement in traumatic spinal injuries. Almost
90% of injuries occur in this region of which burst fracture constitutes about 20% to
30% (4). Injuries at thoracolumbar region can also lead to neurological deficit in around
20-40%(5). Burst fractures in general population most commonly occur secondary to
fall from height (34-54%). In younger individuals it occurs secondary to high velocity
13

injury such as road traffic accident(51-65%)(6). In elderly individual it occurs
secondary to trivial trauma and other associated metabolic disorders such as such as
osteoporosis. The incidence of burst fracture is more common in males.

PATHOANATOMY
The unique anatomy of the thoracolumbar region and the pattern of transmission of
force is necessary to classify thoracolumbar injuries. The thoracic spine is more rigid
than the lumbar spine due to the attachment of rib cage. The facet joints in the upper
thoracic region have a coronal orientation, resist flexion and extension as compared to
lumbar spine were the facet joints are sagittal oriented which increases motion in flexion
and extension. In thoracic region kyphosis ranges from 18º to 51º and in lumbar region
lordosis ranging from 42º to 74º. The thoracolumbar region is (T10-L2) is either straight
or slightly kyphotic (0ºto 10º) in sagittal plane. Thus, in kyphotic thoracic spine the
body center of gravity located anterior to the spine causes compressive forces to be
transmitted anterior to the vertebral body along with a tensile stretch or distraction of
the posterior elements. In lordotic lower lumbar spine, forces are transferred more
posterior and the compressive loads pass through posterior elements. Thoraco-lumbar
region (T10-L2) represents the transition zone from the rigid kyphotic thoracic segment
to mobile lordotic lumbar segment making it very vulnerable to trauma. Thus, in upright
posture the axial load is exerted on the vertebral column passes anterior to the thoracic
spine, through the thoracolumbar junction and posterior to the lumbar spine and through
sacral promontory. The sudden application of supraphysiological axial load with or
without flexion or extension can lead various components of the vertebral column to
14

fail. Multiple fracture lines which propagate due to axial loading of the vertebral body
in burst fracture lead to discontinuity of the posterior vertebral body and adjacent
pedicles. Thus, the explosive nature of burst fracture lead to variable degrees of
vertebral body retropulsion into the canal. The osseous fragments from the posterior
superior endplate which cause the canal compromise which are responsible for various
neurological manifestations.

PATHOPHYSIOLOGY
Spinal cord injury is common in traumatic spine injuries. About 35% of thoracolumbar
fractures associated with spinal cord injury(7). The primary injury to the cord refers to
the physical tissue disruption caused by mechanical forces, such as contusion,
compression, stretch and laceration. In cord contusion the compressive the force
exceeds the tissue components which results in disruption of axons and damage of the
neuronal cell bodies, myelinating cells and vascular endothelium. Compression results
because of decreased size of the spinal canal due to angulation or translation of the
spinal column either mechanically or by interruption of the spinal vascularity.
Compression and contusion in spinal cord injury differ in the rate of deformation.
Stretch occurs when there is excessive longitudinal traction as seen in flexiondistraction
injuries. Laceration is caused by penetrating foreign bodies, missile fragments or
displaced spicules. Based on macroscopic findings spinal cord injury is classified into
four groups such as a) Solid cord injury: the cord appears normal after injury (least
common type) b) Contusion: areas of hemorrhage and expanding necrosis/cavitation
seen without disruption in the surface of the cord (the most common type) c) Laceration:
clear cut disruption of

the surface anatomy d)massive compression: the cord is
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macerated to varying degree(8). As a result of primary injury there is damage to the
microvasculature, edema develops progressively, ongoing ischemia worsens and a proapoptotic signaling is initiated which lead to the disruption of blood-spinal barrier,
influx of inflammatory cells and release of coagulation fracture which promote
thrombosis and spasm of the micro vessels, leading to further hypoxia. In primary cord
injury the maximum deficit occurs immediately after the injury, the axonal transmission
disrupted or blocked by abrupt neuronal cellular damage, endothelial and blood vessel
damage which is mostly irreversible. The secondary injury refers to the cascade of
events following trauma which might begin immediately after the injury or few days
later which leads to variable degree of tissue destruction. There is decreased blood flow
to the spinal cord within few hours after the spinal cord injury with failure to restore the
blood flow which results in ischemic hypoxia and tissue destruction(9). There is
depletion of high energy phosphate reserves, lactic acidosis and tissue edema leading to
propagation of interdependent reaction which leads to tissue destruction and functional
loss.

PATIENT EVALUATION
Patients with spinal injury needs a multidisciplinary team approach to avoid mortality
and morbidity. Patient with suspected spine injury is immobilized first, the airway,
breathing and circulation is restored before proceeding to thorough neurological
examination. In patients with polytrauma, the life threatening injuries which impair the
respiratory and circulatory function is addressed first and spine injury examination is
done secondarily. In poly-traumatized patient thoracolumbar injuries can be associated
with cervical injury in around 11%. During resuscitation manual inline cervical traction
16

using log roll technique should be carried out till secondary assessment and spinal
injuries are ruled out. After adequate primary resuscitation, a thorough clinical
examination is to be done. Detailed history on the nature and time of injury has to be
recorded, symptoms such as back pain and examination for the presence of bruising in
the back, abrasion, tenderness, local kyphosis and palpable step between spinous
processes at thoracolumbar region suggestive of thoracolumbar injury. Patient who has
associated neurological injuries will present with motor weakness, paresthesia or
anesthesia below the injured level and associated with bowel and bladder incontinence.
American Spinal Injury Association guideline which focuses on motor, sensory and
proprioceptive levels can be used for detailed neurological examination. Sensation in
each dermatome, motor system examination such as motor power and tone in the key
muscle examination in both upper and lower limb should be examined and documented.
Deep tendon reflex, rectal examination including anal sphincter tone and perianal
sensation examined and charted. Patients with spinal injuries can have progression of
neurological deficit hence serial examination is necessary to plan further treatment.
Patients who present with spinal shock in emergency department, resolution of
symptom such recovery of neurological deficit takes place within 24 hours of the injury,
but it can last from a few days to week. Absent bulbocavernous reflex indicates spinal
shock and the return of anal wink indicates the end of spinal shock. The spinal cord can
variably terminate between D11-L2 and since burst fractures are common at the
thoracolumbar junction it can present as a variety of neurological deficit ranging from
complete injury to the spinal cord to cauda equina syndrome. However the intact
neurological status does not rule out spinal fractures since majority of thoracolumbar
injury do not have neurological deficit. Further imaging such as x-rays, computed
17

tomography and magnetic resonance imaging will help us in planning further
treatment(10).

IMAGING
Radiographs play a vital role in differentiating burst fractures from other vertebral
fractures. Imaging also gives detail on the number of segments involved, level of the
vertebra fracture and associated fractures such as fracture of the spinous and transverse
fractures of the vertebra. Denis in his three column theory stated that the retropulsion of
the posterior vertebral fragment into the spinal canal is the radiographic hallmark of
burst fracture(2). Denis classified burst fractures based on the radiographic appearance.
Most burst fractures can be diagnosed with good quality anteroposterior and lateral plain
radiographs. There are various characteristic features peculiar to burst fractures, the
lateral plain radiograph shows loss of anterior and posterior vertebral height,
comminution of the superior or the inferior endplate, retropulsion of the bone into the
spinal canal (radiographic hall mark). In the anteroposterior radiograph there is increase
in the interpediculate distance, interspinous widening, sagittal vertebral body fracture,
lateral translation or flexion (burst variants)(11). Computed tomography gives more
diagnostic information when it is difficult to differentiate compression fractures from
burst fracture. In plain radiograph about 20% of the burst fractures can be misdiagnosed
as compression fracture(12). In such cases computed tomography gives detail on the
fracture pattern. Computed tomography description of burst fractures was described by
Nykamp et al in 1978(11). Sagittal fracture of the vertebra, associated lamina fractures
and fracture dislocation of the facets are identified with CT. McAfee et al described the
importance of demonstrating the vertebral arch fracture in computed tomography which
18

is seen in unstable burst fracture in contrast to stable burst fracture were the posterior
column is intact(13). The degree of canal compromise secondary to the retropulsed
fragment is well demonstrated with CT in the sagittal images. CT not only helps in
diagnosing the fracture, it can also be used to decide the type of approach in case of
surgical fixation e.g. McCormack classification used CT to assess the vertebral bone
fragment shift in the sagittal images. It gives better idea of the adjacent vertebral bodies
and pedicles which might help the surgeon to decide the level of instrumentation in case
of operative management. In case of operative management, ideal CT should include
the vertebra above and below the fractured vertebra. The disadvantage of CT is that it
does not give much information of the soft tissue injury and associated ligamentous
injury.

MRI is mostly used to detect the associated ligament injury (posterior longitudinal
ligament and inter spinous ligament), soft tissue component of spinal cord, and status
of the intervertebral disc. In burst fractures, MRI is mostly useful in patients who have
neurological deficit where magnetic resonance imaging can differentiate between
complete cord transection, mixed conus, cauda equina, which gives idea on the
neurological recovery. Patients with incomplete spinal cord injuries, the neurological
recovery is better when compared to patient with complete cord transection(14). MRI
is contraindicated in patients with aneurysm clips, cardiac pacemaker, medical implants
where a myelogram followed by post myelogram CT can be done.

CLASSIFICATIONS
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There are several classifications described for burst fractures. The ideal classification
system should facilitate understanding the fracture patterns between the surgeons, guide
treatment and predict the prognosis. The classification should be simple,
comprehensive, reproducible and reliable. This classification described earlier were
based on the radiographic findings which convey very less understanding about the
associated ligament injuries. However, the classification system evolved over time with
better understanding of the biomechanics and improvements in the imaging modalities
such as computed tomography and magnetic resonance imaging conveying the
information pertaining to the spine stability and neurological status which is important
to decide the type of management and predict prognosis.
Lorenz Bohler described classification system for thoraco-lumbar fracture in 1929
based on geometry and mechanism of injury. He classified it into 5 categories such as
a) compression fracture, b) flexion distraction injury, c) extension injury, d) rotational
injury and e) shear fracture.

In 1938 Watson Jones introduced the concept of stability and emphasized that the
integrity of the posterior ligament complex (PLC) is essential for stability. His
classification system includes four types namely a) simple wedge fracture, b)
comminuted fracture, c) fracture dislocation, d) hyper extension injuries.

Nicoll in 1949 emphasized importance of stability in his classification. He also stated
that in any injury the vertebral body, disc, intra-articular joint and the interspinous
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ligament should be examined separately. He classified thoraco- lumbar fractures a)
anterior wedging, b) lateral wedging, c) fracture –dislocation and d) neural arch injury

Sir Frank Holdsworth was the first to describe Burst fracture in 1970. He introduced the
concept of “Two Column” in which he divided the spine into anterior column which
consist of vertebral body and disc, and posterior column which consists of the facet
joints and Posterior ligament complex. He also emphasized that posterior ligament
complex is important in maintaining stability of spine. He classified spine injuries into
a) Anterior compression injury b) Flexion rotation injury c) Extension injury d) Shear
injury e) Burst fracture

In 1983 Denis described three column concept Fig (1). According to his classification
the anterior column consists of anterior longitudinal ligament, anterior annulus fibrosus
and the anterior part of the vertebral body. He described the concept of middle column
which included the posterior wall of the vertebral body, posterior longitudinal ligament
and posterior annulus fibrosus. The posterior column consists of posterior bony complex
along with posterior ligament complex which includes supra- spinous, ligament flavum,
infra-spinous ligaments and capsule of intra-articular joints.
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Figure (1)
According to his classification in burst fracture the middle column fails in compression
resulting in loss of posterior vertebral height with retropulsion of the fragment into the
neural canal leading to various neurological compromise. The radiographs in burst
fracture characterized by increase in the inter-pedicular distance, vertical fracture of the
lamina and splaying of the posterior joint.

Denis further classified burst fracture into 5 subtype’s Figure (2)
Type A: Fracture of both end plates. The bone is retropulsed into the canal.
Type B: Fracture of the superior end plate. It is common and occurs due to a combination
of axial load with flexion.
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Type C: Fracture of the inferior end plate
Type D: Burst rotation
Type E: Burst lateral flexion
Figure 2 (Semin Spine Surg 22:2)

Paul C McAfee in 1983 subdivided burst fracture into stable and unstable type. He
described in stable burst fracture the anterior and middle column fails due to
compression force without involving the posterior column. In unstable type the posterior
column is involved due to compression/lateral flexion/rotation forces leading to facet
joint sub-luxation or disruption of the neural arc.

Mc Cormack in 1994 devised a scoring (Table 1) which helps in assessing the risk of
failure of short segment pedicle screw construct. He identified three factors - 1)
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Degree of kyphosis correction on lateral view 2) Degree of vertebral comminution and
3) Apposition of the fracture fragment, that correlate with the failure of the posterior
segment pedicle screw. Each factor is graded as mild, moderate or severe with
corresponding point values of 1, 2, and 3 respectively with total score ranging from 3
to 9. Higher scores demonstrate weaker anterior column support. According to
McCormack if the score is 6 or less, it represents a stable fracture and posterior short
segment pedicle construct can be used. If the score is 7 or more without translation, an
anterior surgical approach with anterior column support using an instrument of strut
graft can be used. If the score is 7 or more with fracture dislocation, short segment
posterior fusion followed by anterior support can be used or long segment posterior
instrument can be used. However, the load sharing classification has high degree of inter
and intra observer reliability and load sharing classification does not include the
ligamentous or neurological status hence it cannot be used to assess surgical
indication.

Table 1
McCormack Classification
Score

1 point

2 points

3 points

Sagittal collapse

30%

>30%

60%

Displacement

1mm

2mm

>2mm

Correction

3º

9º

10º
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Total

3points

6points

9points

AO (Arbeitsgemeinschaft fur osteosynthesenfragen)/ Magerl classification.
Magerl in 1994 developed a classification for thoracolumbar fracture which is very
comprehensive and highly detailed. This classification system considered spinal column
as two columns. Based on the increasing morphological damage and mechanism of
injury three types of injuries are described. Type A injuries which is a failure under
axial compression of the anterior elements with intact posterior constraining elements,
Type B injuries are failure of the posterior constraining elements and Type C injuries
are failure of anterior and posterior elements leading to displacement. Each type has
three group and each group has three sub groups. The severity progress from type A
through type C as well within the sub groups. Burst fractures come under type A injuries
(compression) type A3.

Table 2
AO classification
Type A

Compression

A1.1

End plate fracture

A1.2

Wedge-compression

A1.3

Compression

A2.1

Sagittal split
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A2.2

Coronal split

A2.3

Pincer fracture

A3.1

Incomplete burst fracture

A3.2

Burst-split

A3.3

Complete burst

Type B

FLEXION –EXTENSION FRACTURES

B1.1

Degeneration from disc surface

B1.2

Type A + posterior ligamentous injury

B2.1

Transverse double column

B2.2

Flexion spondylolysis

B2.3

Flexion-split+ Type A

B3.1

Extensive extension

B3.2

Extensive extension- Spondylolysis

B3.3

Backward dislocation

Type C

ROTATIONAL

C1.1

Rotation + A1

C1.2

Rotation + A2

C1.3

Rotation + A3

C2.1

Rotation + B1

C2.2

Rotation + B2

C2.3

Rotation + B3 shearing
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C3.1

Shearing/Cut

C3.2

Shearing-oblique fracture

Vaccaro and his associates in 2005 described TLICS (Thoracolumbar Injury
Classification and Scoring system) which includes the morphology of injury, integrity
of posterior ligament complex and neurological status of the patients. While in all other
classification the neurological status was not included TLICS includes the neurological
status at the time of injury which is necessary for the ultimate final prognosis. If the
score is less than 3, then there is no need for surgical intervention, if score is 4, either
operative or non-operative treatment is required and if the score is more than 4 operative
intervention is suggested.

Table 3

TLICS SCORING SYSTEM
Points
Fracture mechanism
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Compression fracture

1

Burst fracture

1

Rotational fracture

3

Splitting

4

Neurological involvement
Intact

0

Nerve root

2

Conus medullaris incomplete

3

Conus medularis complete

2

Cauda equina

3

Posterior ligamentous complex
Intact

0

Possibly injured

2

Injured

3

Importance of concept of stability in burst fracture
It is important to know whether the fracture pattern is stable or unstable to plan further
treatment. Stability in thoracolumbar junction depends in the integrity of ligaments and
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bony structures. Various authors emphasized the importance of stability in burst
fracture. Nicoll described the concept of post traumatic instability. He described the
unstable fractures patterns as fracture dislocation, fracture subluxation with rupture of
the interspinous ligament and any laminar fracture at L4-L5(15).He also stated that in
stable fracture there is no risk of progression of deformity and no risk of injury to the
spinal cord hence the stable fracture can be treated less aggressively when compared to
unstable fracture where there is the risk of progression of deformity. White and Panjabi
stated that the stable spine is able to maintain its normal movement under physiological
load so that there is no initial or additional neurological deficit, no major deformity and
no incapacitating pain. They also proposed the checklist for assessing instability as
mentioned below

Table 4
White and Panjabi checklist for thoracic instability
Anterior elements destroyed or unable to function :2
Posterior elements destroyed or unable to function :2
Relative sagittal plane translation >2.5mm :2
relative sagittal plane rotation >5 degrees :2
Spinal cord/cauda equine damage :2
Disruption of costovertebral articulations :1
Dangerous loading anticipated :1

A score of 5 or more, the spine is considered unstable. Denis et al classified spine
instability to the three groups. I) Mechanical instability (first degree) is the structural
instability in which there is potential for further collapse and angulation. The
mechanical instability is based on whether the posterior ligament complex is injured or
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not. In plain radiograph if there is decrease in the vertebral body height more than fifth
percent, increase in the interspinous distance and kyphotic angle more than 30 degree
suggestive of posterior ligament complex injury. Further imaging like computed
tomography is used to assess the diastasis of facet joint and magnetic resonance imaging
which is more sensitive and specific to assess the posterior ligament complex injury. II)
Neurological instability (second degree) is determined by ASIA (American Spinal
Injury Association) there are 5 types of neurological status such as

ASIA A- Complete

No motor or sensory function is preserved in the sacral segments S4-S5
ASIA B- Incomplete

Sensory function preserved but not motor function is preserved below the
neurological level and includes the sacral segments S4-S5

ASIA C -Incomplete

Motor function is preserved below the neurological level and more than half of
key muscles below the neurological have a muscle grade less than 3

ASIA D -Incomplete

Motor function is preserved below the neurological level and at least half of key
muscle below the neurological level have a muscle grade of 3 or more
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ASIA E -Normal

Motor and sensory function are normal

Any type of lesion which is not type E is classified as neurological instability regardless
of the instability of the fracture or posterior element injury. III) Combined mechanical
and neurological instability (third degree). McAfee et al divided burst fracture into
stable and unstable type based on integrity of posterior column.

INITIAL TREATMENT
Patient with spinal cord injury needs careful resuscitation and treatment to prevent
further damage to the spinal cord. Respiratory complication are main cause of mortality
and morbidity in acute phase of spinal cord injury ranging from 36%83%(16). The level
of injury and ASIA classification are the two important predictors of intubation. In
patient with cervical spine injury lesion above C5 patient should be intubated electively
rather than as emergency. In patients with spinal cord injury hypotension is very
frequent complication in acute phase. The hypotension could be due the part of
polytrauma of it could result from the direct cervical or thoracic spinal trauma itself
which leads to neurogenic shock. If hypotension is secondary to blood loss the patient
will have decreased blood pressure with tachycardia in contrast to neurogenic shock
where there is loss of peripheral tone and bradycardia. It is necessary to differentiate
between these two types for the proper initial management of shock. According to the
recent studies hypotension in spinal cord injury contributes to the secondary injury
which leads to reduction the spinal cord flow and perfusion. The current
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recommendation is to maintain mean arterial pressure (MAP) at 85-90mm of hg for the
seven days after the injury. The hypotension can be managed with intravenous fluid
therapy along with vasopressor based on the level of spine injury. The benefits of
administration of methylprednisolone in acute spinal cord injury is extensively
controversy. Methyl prednisolone is a synthetic corticosteroid that up regulates the antiinflammatory factors and decrease the oxidative stress enhancing endogenous cell
survival. It reduces edema and prevents intracellular potassium depletion and inhibit
lipid peroxidation. Steroids contraindicated in age<13 years, pregnancy, gastrointestinal
bleeding.

There are various randomized control trial that assessed used of use of glucocorticoid
in the use of acute spinal cord injury. A double blinded randomized control trial by
National Acute Spinal Cord Injury Study (NASCIS I 1984) treated patient with spinal
cord injury with 100 mg bolus of methylprednisolone followed by 25 mg every 6 hours
for 10 days or 1000 mg of bolus methylprednisolone followed by 250mg every 6 hours
for 10 days. This study concluded at 6 months of follow up there was no difference in
motor or sensory recovery observed between two groups and significant increase in
wound infection high dose group. In 1990 NASCIS II published double blinded RCT
which compared 30mg/kg bolus of methylprednisolone followed by
5.4mg/kg for 23 hours with naloxone 5.4mg/kg bolus followed by 0.5mg/kg/hour for
23 hours and placebo. At one year of follow up there was no significant difference in
the motor or sensory scores. However, the sub analysis by post-hoc they found there
was five-point improvement in the motor score for patient who received steroid with
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eight hours of injury when compared to patient who received steroid after eight hours.
The validity of post-hoc analysis is controversial till date. In 1979 NASCIS III
multicenter study which extended the methylprednisolone infusion up to 48 hours to see
associated therapeutic benefit. In this study with acute spinal cord injury presented
within 8 hours of injury were recruited and received 30mg/kg methylprednisolone bolus
and patients were randomized into 5.4mg/kg/hour methylprednisolone for
24hours,5.4mg/kg/hour methylprednisolone for 48hours and tirilazad 2.5mg/kg every
6hours for 48 hours. At one year follow up there was no significant difference between
groups. In Post-hoc analysis patients who received 48 hours of steroid between 3-8
hours of injury had improvement in the motor score. The also reported prolonged use
of steroid associated with increased risk of severe pneumonia. In the year 2000
Pointillart et al double blinded RCT which compared methylprednisolone, nimodipine
and combination of both. At one year his study also found there was no significant
neurological improvement between the groups. The American Association of
Neurological Surgeons and the Congress of Neurological Surgeons released a consensus
statement in 2013 that the use of glucocorticoids in acute traumatic spinal cord injury is
no longer recommended. There are various new drugs like Riluzole which reduces the
motor neuron degeneration, minocycline which reduces apoptosis and increases
neuroprotective effects, tirilazadmesylate which is non-glucocorticoid amino steroid
which inhibits lipid peroxidation still under experimental study and not available for
clinical use.

TREATMENT OF BURST FRACTURE
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There are various options available treatment of burst fracture. The ideal management
of burst fracture is still controversial. Burst fracture can be treated either by surgical or
non-operative methods. The aim of treating any burst fracture is to restore the spine
stability. Prevention and limitation of neurological injury, correction of deformity and
early return to normal life. The advantages of surgery include direct or indirect
decompression of spinal cord, correction of deformity, restoration of stability,
avoidance of external immobilization with brace and early return to normal activities.
However, patients with burst fracture with intact neurology if treated conservatively
would avoid complication secondary to surgery. Surgical intervention is usually needed
in patient with neurological deficit and unstable fracture. Controversy still exist on
whether conservative or surgical intervention is better in patients with intact neurology.
There is considerable debate on how the fractures should be approached either anterior,
posterior or combined approaches, how many segments to include during surgery.
OPERATIVE AND NON-OPERATIVE TREATMENT
The ideal goals of treatment in burst fracture in general are

1. Decompression of spinal canal and nerve root to enhance recovery
2. Restoration of sagittal balance and vertebral body height
3. Rigid stabilization for early ambulation and rehabilitation
4. Correction of deformity and prevention of collapse of the injured segment
5. Preservation of spine function with adequate fusion

NON-OPERATIVE TREATMENT
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The ideal candidates for non-operative treatment are patient with stable fracture pattern
with no neurological deficit. There are various methods of non-operative treatment such
as use of brace, or orthosis, plaster cast, bed rest and analgesics. Surgery in burst
fracture done for neural decompression and stabilization however they are not achieved
in conservative method of treatment. The advantages of nonoperative treatment are it
reduces the cost burden especially in developing countries and also prevents from
surgery related complication such as infection and hardware failure. Non-operative
treatment of burst fracture was described in 1940 by Ludwig Guttman which was later
described by Nicoll and it was continued by Frankel and Bed brook. Denis et al in his
retrospective study comparing operative and non-operative methods in patients with
intact neurology he found the patients who were treated by surgical methods had return
to full time work when compared to non-operative method who could not return to full
time work and he also stated in his patient who had treated by non-operative methods
had developed neurological problems(17).
Denis concluded that all burst are unstable and they need surgical intervention due to
neurological complications. Krompinger et al stated that in thoracolumbar fractures
with no neurological involvement when there is less than 50% of canal encroachment
& kyphosis angle less than 30º those fractures can be considered as stable fracture and
can be treated by non-operative methods(18). Reid et al concluded from his study that
not all the burst fractures requires surgery, in patients with intact neurology, kyphosis
less than 35º, when there is no contraindication to use total contact orthosis and patient
who can understand and cooperate for the treatment regimen can be considered for
conservative method of treatment(19). Wood et al from his randomized study between
operative and non-operative method in patient without neurological deficit he found that
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patient who were treated by surgical methods had long duration of stay in hospital and
complications were more in surgical group. There was no difference in terms of pain
score or return to work. They concluded that in stable thoracolumbar burst fracture with
intact neurology the surgical treatment does not have long term advantage when
compared to non-operative treatment(20). Weinstein from his study on long term follow
up burst fracture treated by non-operative methods he found that none of the patients
had neurological deterioration, 80% of patients were returned to their normal activity,
he concluded that in patient without neurological deficit non-operative method is viable
option(21). There are various studies which compared the various methods of
conservative treatment (brace, plaster of Paris cast) Stadhouder et al in randomized
control trial compared plaster cast to brace he found that there was no significant
difference in outcome measure(Visual analog score,
Oswestry Disability Index) between the groups for the patients with burst fractures(22).
Bailey et al in 2013 in his multicenter randomized trial compared AO- A3 burst fracture
treated with and without orthosis in skeletally matured patient with thoracolumbar burst
fracture who had no neurological deficit. From his study he concluded there was no
difference in outcome measure between these two groups(23). Shen et al in his
prospective study compared non-operative with posterior fixation in patient without
neurological deficit from his study he concluded that surgical fixation resulted in earlier
pain improvement and partial kyphosis correction when compared to non-operative
method. However the functional outcome at 2 years were similar between these two
groups (24). A meta-analysis by Gnanenthiran et al in 2012 on thoracolumbar burst
fractures(10), stated that there was no difference in terms of
Visual Analogue Score, return to work between operative and non-operative methods.
From their review they concluded the no evidence to suggest that operative method of
treatment is superior to non-operative methods in patient with intact neurology. Even
though there is lot of controversy of treatment for stable burst fracture in patient with
intact neurology the non-operative method of treatment either with brace or plaster cast
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considerable option which would avoid the complication secondary to surgery, reduce
the financial burden.

OPERATIVE TREATMENT
There are various surgical methods, approaches described for surgical management of
burst fracture. However, the ideal approach either (anterior, posterior, combined),
number of segments of instrumentation and timing of surgery are still controversial. The
various options available for surgical management of burst fracture are anterior
decompression and fusion, posterior fusion with or with decompression, posterior
stabilization without fusion, decompression anteriorly with 360º fusion, posterior fusion
combined with cement augmentation and posterior fusion with reconstruction of
anterior and middle column using cage or bone graft. The goals of surgery in burst
fracture is achieve adequate spinal decompression, stable fixation and fusion. Operative
treatment is indicated in patients with neurological deficit, progressive worsening of
neurological deficit and patients with unstable burst fractures. Surgery is relatively
indicated in poly trauma patient for early rehabilitation, obese patients and condition
were bracing or plaster casting is not possible. Reid et al in his study concluded that all
patients with burst fracture who have neurological deficit or kyphotic angle more than
35º needs surgical intervention(19). Willen et al suggested that surgery for burst
fractures done when the canal compromise is more than 50% and when the anterior
column comminution exceeding 50% and the kyphosis angle than 20º(25). In the recent
studies there is positive correlation with progressive kyphotic deformity and back pain
so kyphotic deformity was considered as an indication for surgery. Sagittal index was
used to predict the progression of segmental kyphosis. Farcy et al suggested that when
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the sagittal index is more than 15º the risk for progression of kyphosis and he concluded
that surgical intervention might be needed in those patients (26). However surgical
intervention in patient with stable burst fracture with no neurological deficit still
inconclusive.

TIMING OF SURGERY
The optimal time of surgery in patient with complete neurological deficit and patient
with intact neurology is controversial. In patients with incomplete deficit and with rapid
worsening of neurology the surgery should be done at earliest where there is chance for
neurological recovery. The advantages of early surgery are it reduces the number if stay
in the hospital, early mobilization, reduces the number of days of stay in intensive care
unit, decrease the pulmonary and thromboembolic complications. However, the
disadvantage of early surgery is increased operative blood loss, increased neurological
complication in decompression of acute edematous spinal cord and visceral injury. Xing
et al in his systematic review concluded that early stabilization of thoracolumbar
fracture reduces the mortality and morbidity(27). There are various retrospective study
which states the acute thoracolumbar fracture should be stabilized less than 3 days to
prevent overall mortality and morbidity(28). There are few studies on early surgical
stabilization and improvement in the neurological outcomes. Mirza et al his
retrospective study on cervical spine injury compared early (<72 hours) and delayed
(>72 hours) from his study he concluded that early might help in improving the
neurological recovery and decrease the hospital stay(29). Cengiz SL et al his
prospective study stated that patient who underwent early surgical stabilization (less
than 8hours) had lesser systemic complication, lesser intensive care unit monitoring. He
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also concluded early surgery may improve neurological outcome(30). Bourassa-moreau
et al in 2016 prospective study concluded that there was no significant difference in the
neurological recovery in patient who underwent early surgical stabilization less than 24
hours when compared with patient who were operated after 24hours(31). The
neurological recovery not only depends on the timing of surgery it also depends various
other factors such as either complete or incomplete cord injury, amount of initial impact
on the spinal cord at the time of injury.

ROLE OF DECOMPRESSION, STABILIZATION AND FUSION
Adequate decompression of spinal is one of the most important goal in surgical
management of burst fracture. It can be broadly divided in two group’s decompression
in patient with and without neurological deficit. Decompression can be done by direct
and indirect methods. The choice of decompression is can differ based on the surgeon
choice and experience. Benzal et al stated that surgical decompression and stabilization
had better neurological and functional outcome when compared to other non-operative
methods(32).

ANTERIOR DECOMPRESSION AND STABILIZATION
Anterior decompression usually done in patients with severe canal compromise with
neurological deficit, severe vertebral comminution and kyphotic deformity and in
patients were adequate decompression not achieved with posterior approaches. The
other indication of anterior decompression in patients with incomplete neurology with
imaging demonstrating the retropulsed fragment causing canal compromise. In burst
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fracture is the compression tissue or the fragment invariably seen in the anterior spinal
canal, using anterior approach the retropulsed fragment can be visualized directly
adequate removal soft tissue or the fragment and direct decompression of the neural
canal can be done. However anterior approach has its own disadvantages its risk of
bleeding, visceral injury and pulmonary complication and long duration of surgery more
with anterior approach. It’s technically demanding procedure which unfamiliar to the
junior surgeons. Once adequate decompression done stabilization and fusion can be
done using various implants. Anterior spinal reconstruction can be done using iliac crest
graft or using titanium mesh cages and stabilization can be done using vertebral plates,
screws and rod system. Kaneda et al in his study on anterior decompression and fusion
using Kaneda device in patients with neurological deficit reported 93% of fusion rate
and complete recovery of bladder function in 72%. He also concluded that anterior
approach gives adequate decompression and superior mechanical stability(33). Hitchon
et al reported from his retrospective cohort study that correction and maintenance of
deformity is better with anterior approach when compared with posterior(34).
Biomechanical study by Shono et al stated that anterior reconstruction had superior
mechanical stability when compared with posterior instrumentation and permits
effective decompression of spinal canal(35). Xu et al in his meta-analysis comparing
anterior and posterior approach on surgical management of burst fracture concluded that
anterior approach had no significant superior results as compared to posterior approach
in concern to neurological recovery and return to work(36).

Posterior decompression and stabilization
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Posterior approach and stabilization is most common method used in treatment of burst
fractures. Posterior approach is simple, and it does not encounter any important structure
as compared to anterior approach. Posterior approach most commonly used in patient
with burst fracture with no neurological deficit with disrupted posterior ligament
complex, nerve root involvement with intact posterior ligament complex and in patients
with complete neurological deficit with or without involvement of posterior ligament
complex. Using posterior approach decompression can be done based on mechanism
and fracture pattern. The decompression done by indirect reduction using
ligamentotaxis and direct decompression with laminectomy can be done. There is risk
of nerve damage while manipulation or while removing the retropulsed fragment even
with posterior approach. It is alternative approach especially in obese patient were
anterior approach carries risk to vital structures.

Various implants can be used to stabilize such as rods, hooks, wires, plates and pedicle
screws. Sub laminar wires are rarely used since wire passage can damage the spinal
cord. Harrington rod distraction was initially used in stabilization of burst fractures
though restoration of vertebral height and reduction of kyphosis attained it is a semi
rigid fixation and it requires immobilization more number of mobile segments.
Complications such as early hardware failure, dislodgement of hook, persistent pain
common with rod and hook system(37).Mc bride et al in his study on thoracolumbar
fractures using hook-rod fixation reported 93% fusion rate but he also stated that
complication of early hard ware failure, pain and progression of deformity seen in about
22%(2). Pedicle screws replaced hooks and rod system as pedicle screw provide fixation
to all three column, greater force can be applied to reduce the deformity and
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simultaneous axial compression, or distraction can be done. Pedicle restore stability by
fixing less number of segments which also spares the adjacent mobile segments.
Posterior transpedicular screw technique was first reported in 1959 by Boucher(38).
Pedicle screw system prevents motion segments, provide stable construct and avoids
ling fusion. It maintains reduction until bony union is achieved. Initial study suggest
that burst fracture can be successfully treated short segment pedicle screw fixation.
The advantage of short pedicle screw fixation is it limits the number of segments to be
fixed and fused, which also preserve the motions in the other segments. However, the
later studies suggested that short segment pedicle fixation associated with high
incidence of hardware failure and loss of reduction as the short segment cannot prevent
the anterior collapse. The residual kyphotic deformity results in higher stress on the
pedicle screws, with over loading the implant loosens and leads to screw breakage or
dislodgment. Markel and Graziano suggested that thoracolumbar burst fracture could
be treated with short segment instrumentation. Park et al reported 98% fusion rate in
burst fractures without extensive comminution treated by short segment fusion(2).
However other studies reported 20-50% failure rate and 50-90% loss of reduction with
short segment system. To prevent compilations of short segment system various other
techniques were described. The number of segments fixed were extended (2 above and
2 below the fractured vertebra), one level above and one level below fixation including
the fractured vertebra, 2 level above and 1 level below the fracture vertebra. Using long
constructs gives multiple fixation point which distribute the force over the number of
segments which decrease the screw pull out. There are various studies suggest that long
segment stabilization provides more stability and greater reduction of kyphotic
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deformity. Tezeren and Kuru et al on comparing short and long segment fixation they
concluded that long segment stabilization had favorable radiological outcome in
comparison with short segment fixation(39). Altay et al reported using 2 level above
and 2 level below the fractured vertebra gives more stability and reduction of the
deformity(40). McAfee in his calf spine model demonstrated that 2 level above and 2
level below fixation provided more stiffness when compared to normal spine(40).
McCormack in 1994 devised

a scoring system which helps in predicting screw

breakage in short segment stabilization according his classification a total score more
than 6 points would either require long segment fixation or anterior approach and
anterior reconstruction (41). However meta-analysis on comparing short and long
segment fixation by Aly et al concluded that no difference between these two types in
terms of back pain, correction of deformity and return to work(40). But long segment
posterior stabilization had favorable radiological outcome when compared to short
segment fixation in meta-analysis by Filho et al (42). The main reason for failure of
posterior stabilization was due to loss of anterior column support. To reinforce the
anterior column and to improve the stability of posterior instrumentation several
techniques were described such as fill in the defect in the fractured vertebra with bone
cement (polymethyl methacrylate), transpedicular cancellous grafting, using artificial
bone substitute and adding screws at the fracture level. There are various studies suggest
that reinforcement of screw at the fracture level provides better deformity correction
(kyphosis), restore the height of the vertebra and it also improves the biomechanical
stability of the construct. Study by Guven et al reported that fixation that includes the
fracture vertebra provided better deformity correction, restoration of anterior vertebral
height and lower rate of correction failure(43). Biomechanical study by Anekstein et al
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on pig lumbar spine suggest additional screw at the fracture level increased the stiffness
of the fixation (44). Zhao et al in his study of posterior instrumentation including
fracture vertebra has similar result of restoration of anterior vertebral height, loss of
correction with good functional outcome(45). Transpedicular bone grafting in addition
to short segment fixation had good result on short term follow up, on the long term
follow up there was no significant between the bone grafting and no bone grafting
group(46). Polymethyl methacrylate cement provide immediate spine stability like
anterior plate and screw fixation as it hardens during the process restore the anterior
vertebral height which leads to change in the loading force in the anterior column and
decrease the stress on the instruments. Cho et al his study reported that reinforcement
of short segment instrumentation With cement achieved kyphotic correction, increase
in the anterior vertebral height and good functional outcome(47). However, leakage of
cement into the canal is a worrisome complication. Vertebroplasty and kyphoplasty is
mainly indicated in osteoporotic compression fracture however its use in traumatic burst
fracture is not well documented. There are other studies which reported usage of
absorbable bone cement in addition to short segment fixation had better clinical
outcome and low implant failure (48). Liao et al reported that adding screws at the
fracture site had better results in terms of surgical time implant failure. He suggested
that addition on screw at the fracture site is better than augmentation with absorbable
calcium cement(49). Though posterior approach simple and with less complications, in
posterior approach denervation of paraspinal muscles, facet capsule which leads to
fusion disease. There is increase blood loss especially in long segment fixations.

COMBINED APPROACH
44

Combined posterior and anterior approach is indicated in few cases. Patient with
complete disruption of posterior ligament complex associated with incomplete
neurological deficit and patient with rigid post traumatic kyphotic deformity seen in
more than 2 weeks old injury will benefit from combined approach (posterior and
anterior). Combined surgical approach improves the sagittal alignment, decompression
of spinal and neural decompression thoroughly and stabilization of the posterior
ligament complex. However combined approach associated with increased risk of blood
loss and longer duration of surgery. While considering combined approaches the age of
the patient and associated co-morbidities, injuries to be considered to avoid surgery
related complication. Study by Danisa et al on comparison of surgical approaches
reported there was no significant difference between the approaches in terms of
deformity correction, improvement in the neurological function and return to work. He
also stated that posterior surgery is as effective as anterior-posterior or anterior
approach(50). Oprel et al in his literature review in comparison of various approach
concluded there is significant higher deformity correction and improvement in the
vertebral height in combined approach and it is associated with higher intraoperative
and postoperative complications(51). Been et al in his retrospective study reported there
was no significant difference in clinical outcome, fusion rate deformity correction
between posterior and combined approaches. He also stated that in his study there was
loss of reduction and instrumentation failure was more with posterior fixation group
(52).

ROLE OF FUSION
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Spinal fusion is a part of stabilizing procedure. Initial studies suggested that spine fusion
promote biological stabilization and protect the implant form fatigue failure. Fusion is
done by decorticating the exposed bone, removal of intervening soft tissue and adding
bone graft. Auto or allograft can be used. Auto graft harvested from iliac crest or the
local graft from the spinous process can be used. In places were requirement of large
amount of graft, allograft can be considered. Usage of allograft avoids donor site pain
but lack osteogenic potential when compared to auto graft. Auto grafts are in posterior
fusion placed over the decorticate facets, lamina or the transverse process. In posterior
lumbar inter body fusion bilateral laminectomy done, removal of disc and followed
insertion of bone graft into the anterior disc space and inter body spacers are placed. In
case where the disc space is narrow, inter body spacer cannot be inserted grafts inserted
between the transverse process (posterolateral fusion) can be done. The role of spine in
fusion in burst fracture is still unclear. Metaanalysis by Tian et al in 2013 suggested that
fusion is not necessary in for thoracolumbar fractures treated by posterior
instrumentation. He reported that there no significant difference in the radiological or
functional outcome between fusion and non-fusion groups(53). Linz et al in 2017 in
meta-analysis reported similar results there no significant difference in clinical or
radiological outcome between fusion and non-fusion groups. Fusion in burst fracture
might be useful in anterior approach or in combined approach its role in posterior
instrumentation is still unclear.

MATERIALS AND METHODS
This study was done in single tertiary care hospital (Christian Medical College
and hospital, Vellore) at Spinal Disorder Surgery unit. Retrospective study of all the
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patients who underwent treatment for the thoracolumbar burst fracture (D10-L2) by
various methods (operative and structured non-operative methods) between the years
January 2007- April 2016. The inclusion and exclusion criteria as mentioned below.
Patients with two years follow up for the patients treated by operative methods were
included and since there was no adequate follow up in patients who were treated by
structured non-operative method patients with follow up for three months were
included.

INCLUSION CRITERIA:
1) Patient with single level thoracolumbar (T10-L2) burst fracture
Minimum follow up of two years

EXCLUSION CRITERIA:
1) Patient treated elsewhere

2) Patient who underwent surgery for malunion or non-union burst fractures

3) Burst fractures with proximal or distal fractures other vertebra

4) Pathological fractures

5) Osteoporotic fractures
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2)

6) Patients without adequate radiographs

The study proposal was submitted to institutional review board and after the approval
of the institutional review board the patient’s details were collected. Patient who
underwent surgical procedure the details were collected from spine department
operation theatre register and patient who were treated by structured non-operative
methods the details were collected using ICD coding. Patients who had adequate follow
up and radiographs the demographic details, radiographs, mode of injury, type of
fracture, mode of treatment (operative and structured non operative), level of vertebra
involved, type of approaches used in operative technique (posterior, posterior
+ anterior, anterior), neurological status of the patient at time of admission, Functional
Independence measure after the rehabilitation data were collected from the electronic
sources (clinical work station). Patient who were followed up detailed information sheet
was given explaining all the information regarding consent, patient who were willing to
participate in the study included, patient who were not willing for the study excluded.
All the details were entered in the structured pro-forma. Patient who did not have
adequate follow up as per department protocol were asked to follow up via letters and
phone calls. Patients who were followed up underwent detailed clinical examination
including neurological status, per rectal examination and radiographs. Functional
Independence Score was calculated at follow up for patients with
neurological deficit at the time of injury.
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FUNCTIONAL OUTCOMES
All the patients treated for burst fractures of thoracolumbar region the functional
outcome measure done using Denis Pain Scale and Denis Work Scale

FIM (Functional Independence Measure) score was used in patient who had
neurological deficit at the time of injury

DENIS PAIN SCALE

Based on patient symptoms and use of analgesics pain scale scoring was done. Pain
scale ranging from P1-no pain to scale P5-severe pain with chronic use of medication.
P1-No pain

P2-Minimum pain, without use of medication

P3-Moderate pain, with occasional use of medication

P4-Moderate to severe pain, with constant use of medication

P5-Severe pain, with chronic use of medication

In patients whose details were available obtained from electronic source, patient who
followed up detail obtained at the time of follow up.
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DENIS WORK SCALE

Patient return to work was assessed using Denis Work Scale.

W1-Return to previous employment to W5-no work, completely disabled. W1- Return
to previous employment (heavy labor) or physically demanding activities

W2-Able to return to previous employment (sedentary) or return to heavy labor with
restrictions

W3-Unable to return to previous employment but works full time at new job

W4-Unable to return to full time work

W5-No work completely disabled
In patients whose details were available obtained from electronic source, patient who
followed up detail obtained at the time of follow up.

ASIA (American Spinal Injury Association) Impairment scale

Neurological status which was charted using ASIA impairment scale in patients who
had neurological deficit at the time of admission and at follow up were obtained from
electronic resources (clinical workstation) and for patient who had followed up detailed
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motor, sensory system examination and per rectal examination done, neurological status
was charted accordingly. ASIA impairment scale used as shown below. Patients who
do not have adequate documentation were excluded from the study.

ASIA (American Spinal Injury Association) Impairment scale

A- Complete

No motor or sensory function is preserved in the sacral segments S4-S5

B- Incomplete

Sensory function preserved but not motor function is preserved below the
neurological level and includes the sacral segments S4-S5

C -Incomplete

Motor function is preserved below the neurological level and more than half of
key muscles below the neurological have a muscle grade less than 3
D -Incomplete

Motor function is preserved below the neurological level and at least half of key
muscle below the neurological level have a muscle grade of 3 or more

E -Normal
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Motor and sensory function are normal

FIM (Functional Independent measure)

Functional assessment quantification was done using FIM score in patients who had
neurological deficit. Patient was asked to single out the option describing his/her status.
FIM score suggests patient’s ability to perform task in 18 activity of daily living. Each
item is graded from scale of (total dependence) 1to7 (total independence). Both motor
and cognitive are scored. Minimum FIM of 18 means total dependence and 126 imply
no disability. FIM scores were made by direct examinations. The functional activity was
described and explained to the patient was described and explained to the patient who
was followed by various options regarding level of independence in performing each of
these activities. It was taken at the time of discharge after rehabilitation and at follow
up. Patient with inadequate data excluded from study.

FIM is comprised of 18 items, grouped into 2 subscales - motor and cognition.
The motor subscale includes:

•

Eating

•

Grooming

•

Bathing
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•

Dressing, upper body

•

Dressing, lower body

•

Toileting

•

Bladder management

•

Bowel management

•

Transfers - bed/chair/wheelchair

•

Transfers - toilet

•

Transfers - bath/shower

•

Walk/wheelchair

•

Stairs

The cognition subscale includes:

•

Comprehension

•

Expression

•

Social interaction

•

Problem solving

•

Memory
Each item is scored on a 7-point ordinal scale, ranging from a score of 1 to a score of 7.
The higher the score, the more independent the patient is in performing the task
associated with that item.

1 - Total assistance with helper
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2 - Maximal assistance with helper

3 - Moderate assistance with helper

4 - Minimal assistance with helper

5 - Supervision or setup with helper

6 - Modified independence with no helper

7 - Complete independence with no helper

The total score for the FIM motor subscale (the sum of the individual motor subscale
items) will be a value between 13 and 91.

The total score for the FIM cognition subscale (the sum of the
individual cognition subscale items) will be a value between 5 and 35.

The total score for the FIM instrument (the sum of the motor and cognition subscale
scores) will be a value between 18 and 126.

RADIOLOGICAL OUTCOMES
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All the patients who were included in the study the radiological parameters measured
using Centricity Universal Viewer Zero Footprint Version: 6.0 SP7.0.2

The radiographic parameters measured at admission, immediate post-operative and at
follow up for patients treated by various operative methods. Patient who were treated
by structured non-operative methods radiographic parameters measured at the time of
injury and at follow up period. All the radiographs were done in supine position at the
time admission since patient were unable to stand due to acute injury. The radiographs
were done in standing position at follow up. Patient without adequate radiographs were
excluded from the study. Radiological union assessed, and various radiological
parameters measured.

RADIOLOGICAL UNION

Fusion was assessed using plain radiograph. Flexion and extension views were used to
assess movement at the fracture site. We have used two criteria two in patients who
have interbody fusion we have used Brantigan, Stefee, Fraser criteria and in patient who
had posterior instrumentation without interbody

Fusion we have used Ray’s criteria.

Brantigan, Steffee, Fraser

BSF-1: Radiographical pseudarthrosis is indicated by collapse of the construct, loss of
disc height, vertebral slip, and displacement of the carbon cage, broken screws, and
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significant resorption of the bone graft or lucency visible around the periphery of the
graft or cage.

BSF-2: Radiographical locked pseudarthrosis is indicated by lucency visible in the
middle of the cages with solid bone growing into the cage from each vertebral endplate

BSF-3: Radiographical fusion: bone bridges over at least half of the fusion area with at
least the density originally achieved at surgery.

Ray’s criteria for radiographic assessment of bridging osseous fusion

Less than 3º of inter-segmental position change lateral flexion and extension views

No lucent area around the implant

Minimal loss of disk height

No fracture of the device, graft or vertebra

No sclerotic changes in the graft or adjacent vertebra

Visible bone formation in or about the graft material

The radiological parameters measured in this study are
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1- 3 vertebral angle or Cobb’s angle

2- Local kyphotic angle

3- 2 verterbral angle
4- Anterior vertebral height

5- Posterior vertebral height 3 Vertebral angle or Cobb’s angle
Cobb’s angle will be measured, from the superior endplate of the adjacent cranial
vertebral body to the inferior endplate of the adjacent caudal body (bi-segmental angle).
Cobb’s angle were measured for all group of patients treated by both operative and nonoperative methods.
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2 Vertebral angle
Angle measured from the inferior end plate of the fractured vertebra to the superior end
plate of the adjacent cranial vertebra. 2 vertebral angle was measured for screw through
the fracture group in operative and all groups patient treated by non-operative methods.

58

Local Kyphotic Angle
Angle measured from superior end plate and inferior endplate of the fractured vertebra.
Local kyphotic angle was measured for screw through the fracture group in operative
and all group patients treated by non-operative methods.
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Anterior Vertebral Height
Anterior vertebral height was measured as the distance between the superior and inferior
end plate of the fractured vertebra. It was measured for screw through the fracture group
in operative and all group patients treated by non-operative methods.
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Posterior Vertebral Height
Posterior vertebral height was measured as distance between superior and inferior
endplate of the fractured vertebra. It was measured for screw through the fracture
group in operative and all group patients treated by non-operative methods.
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91 patients with burst fracture of
thoracolumbar junction (D10-L2)

58 patients treated by
operative methods

33 patients treated non
operative methods

33 patients traumatic burst

33 patients with 2 years follow
up

24 patient with 3 months follow
up

25 patients with inadequate
follow up

9 patients with no follow up

33 patient’s operative methods
24 patient’s non-operative
methods

Functional outcomes and
Radiographic parameters
measured

Statistical analysis
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RESULTS

AGE DISTRIBURTION

Of 91 patients, 25 patients in the surgical group and 9 patients treated by nonoperative
method did not have adequate follow up. 33 patients treated by various surgical methods
and 24 patients treated by various non-operative methods total of 57 patient’s data with
follow up were analyzed. In our study burst were more commonly seen in Males (77%)
when compared to females (23%). The mean age for males were 37 years ranging from
15-62 years. The mean age for females were 31 years ranging from 15-50 years.

Graph 1

GENDER DISTRIBUTION

23%(13)

77%(44)

MALE

FEMALE
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GENDER

OPERATIVE (n-33)

NON-OPERATIVE
(n-24)

TOTAL (n-57)

MALES

25(57%)

19(43%)

44

FEMALES

8(62%)

5(38%)

13

Table 5

The detail demographic distribution operative and non-operative given in table (5)

Of 44 males 25(57%) males were treated by operative methods and 19(43%) were
treated by non-operative methods. Out of 13 (62%) females were treated by operative
methods and 5(38%) females were treated by non-operative methods.

In our study we found that patients with burst fractures (thoracolumbar junction) had
38% (n-15) associated injuries, lower limb injuries were common around 23 %( n-13)
when compared to upper limb injury 3 %( n-2). Among the injuries in the lower limbs
calcaneum (12%) and talus (8%) fractures were more common. The associated injuries
given in table (6), distribution of various injuries both upper and lower limbs given in
fig (3)
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Table 6
ASSOCIATED INJURIES

FREQUENCY

PERCENTAGE

UPPER LIMBS

2

3%

LOWER LIMBS

13

23%
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Proximal humerus (1pt)

Pelvis (1pt)
Neck of femur (1pt)
Distal radius (1pt)

Femur (2pts)

Tibia (2pts)

Calcaneum (7pts)
Talus (5pts)

Figure 3

Table 7
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Bones involved

Frequency

Proximal humerus

1

2%

Neck of femur

1

2%

Pelvis

1

2%

Distal radius

1

2%

Femur

2

4%

Tibia

2

4%

Calcaneum

7

12%

Talus

5

9%

Graph 2
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Percentage

ASSOCIATED FRACTURES
PROXIMAL HUMERUS
NECK OF FEMUR

1pt

1pt
1pt

DISTAL RADIUS

FEMUR

1pt

5pts

2pts

TIBIA

2pts
7pts

CALCANEUM
TALUS
PELVIS
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MODE OF INJURY

In our study we found 77% (n-44) people had history of fall from height (fall from tree
or fall from building while working) and 23 % (n-13) of people had history of road
traffic accident.

Graph 3

MODE OF INJURY

RTA

23%(13)

FALL FROM HEIGHT

77%(44)

0%

20%

40%

MODE OF INJURY

VERTEBRAL LEVEL INVOLVEMENT
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60%

80%

100%

In our study T12 vertebra was involved in 25 %( n-14). L1 vertebra were involved in
about 47 %( n-27).L2 vertebra involved in 28 %( n-16) of cases. We did not have any
cases occurring at T10 or T11 vertebra.

Graph 4

LEVEL OF VERTEBRA (n-57)
50%

47%(27)

45%
40%
35%
28%(16)

30%
25%

25%(14)

20%
15%
10%
5%
0%
T12

L1

L2

LEVEL OF VERTEBRA

Of 57 patients 33 patients (58%) treated by various operative methods and 24 patients
(42%) of patients treated by various non-operative methods. Classification was done
according to Denis classification, in our study 19 patients (33%) had type A, type B was
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seen 36 patients (63%) and type C & D were seen in 1 patient (2%). In our study we did
not have any type E fractures.

Graph 5

No of Patients
40
35

36

30
25

20
15
10
5

9

1

1

Type C

Type D

0

Type A

Type B

No of Patients

Of patients treated by various operative method further divided on the type of approach
used for instrumentation into anterior, posterior, posterior+ anterior and patients treated
by non-operative methods were divided into patients treated with bed rest, brace and
plaster jacket.
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Operative methods (n-33)
Anterior

5 patients (15%)

Posterior

18patients (55%)

Posterior +anterior

10 patients (30%)

Of 5 patients operated by anterior approach two level instrumentation one above and
one below the fractured vertebra were done, 2 patients iliac crest graft was used and in
other 3 patient’s titanium mesh cage was used for interbody fusion. Of 18patients who
were operated by posterior approach, 15 patients the fractured vertebra included in the
instrumentation and the other 33 patients had instrumentation 2 level above and below
the fractured vertebra. In patients who underwent combined approach in 5 patient iliac
crest graft and in 5 patients titanium mesh cage was used for interbody fusion.
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ANTEIOR

POSTERIOR

COMBINED

• Iliac crest graft(n-2)
• Titanium mesh cage(n-3)

• Screws in the fractured vertebra (n-15)
• Instrumentation 2 level&2 level below(n-3)

• Iliac crest graft (n-5)
• Titanium mesh cage(n-5)

Patients treated by non-operative methods are divided into patients treated by bed rest,
plaster jacket and brace. In our study 24pts treated by non-operative methods of which
12pts treated by rest, 5pts treated by brace and 7pts treated by plaster jacket.
Non-Operative methods (n-24)
Bed rest

12 patients (50%)

Brace

5patients (21%)

Plaster jacket

7patients (29%)

FUNCTIONAL OUTCOMES

Functional outcomes measured based on the neurological recovery, return to activities
and FIM score. Neurological recovery assessed using ASIA scale and DENIS work
scale was used for scoring return to activities.
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Neurology status (operative group)

In our study of patients treated by operative methods (n-33), 12pts (36%) had ASIA
A, 3pts (10%) had ASIA B, 2pts (6%) had ASIA C, 4pts (12%) had ASIA D and 12pts
(36%) had normal neurology at the time of admission.

Graph 6

NEUROLOGY STATUS (OPERATIVE)
40%

36%

36%

35%
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12%

10%

10%
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ASIA A

ASIA B

ASIA C
At admission
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ASIA D

NORMAL

Neurological recovery was charted using ASIA scale & score at follow up. In our study
in 12pts (36%) who had intact neurology did not have any worsening of neurological
status. 12pts (36%) with ASIA A, 2pts (10%) with ASIA B, 4pts (12%) with ASIA D,
1 patient (3%) with ASIA C did not have any improvement and worsening of
neurological status at follow up. 1 patient (3%) with ASIA C had improved neurology
by one grade.

OPERATIVE GROUP
ASIA AT FOLLOW UP
A
ASIA

B

C

D

2

1

E

12

A
AT

B

INJURY

C

3

D

4

E

12

Neurology status (non-operative group)

In our study of patients treated by non- operative methods (n-24), 1pt (4%) had ASIA
A, 1pt (4%) had ASIA C and 22pts (91%) had normal neurology at the time of
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admission. Patients with neurological deficit (n-2) advised for surgical intervention for
early rehabilitation however patients were not willing for surgical intervention.

Among the patients treated by non-operative group there was no worsening of
neurological status in patients (n-22) who had intact neurology at the admission. In
patient with partial neurological deficit (n-1) there was no worsening or recovery in the
neurological status and in patient with complete deficit (n-1) there was no improvement
in the neurology at available follow up.

NON OPERATIVE GROUP
ASIA AT FOLLOW UP
A
ASIA

A

AT

B

INJURY

B

C

D

1

-

E

1
-

C
D

-

E

22

WORK SCALE

Return to work status was assessed using DENIS WORK SCALE
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OPERATIVE GROUP n-33 (AT FOLLOW UP)

Among the patients treated by various surgical methods 3 %( n-1) of the patients were
able to return to their previous work without restrictions.33 %( n-11) of patients returned
to previous work with restrictions.39% (n-13) of patients were not able to return to their
previous work, but modified their jobs.18%(n-6) of patients were unable to work full
time job and 6%(n-2) did not go to any job.

DENIS WORK SCALE AT FOLLOW UP (OPERATIVE GROUP)
WORK

ASIA A

ASIA B

ASIA C

ASIA D

NORMAL

W1

-

-

-

-

1

W2

-

-

-

2

9

W3

4

3

1

3

2

W4

6

-

-

-

-

W5

2

-

-

-

-

SCALE
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NON-OPERATIVE GROUP n-24 (AT FOLLOW UP)

Among the patients treated by various non-operative methods 4 %( n-1) of the patients
were able to return to their previous work without restrictions.63 %( n-15) of patients
returned to previous work with restrictions.20% (n-5) of patients were not able to return
to their previous work, but modified their jobs.8% (n-2) of patients unable to work full
time .4%(n-1) did not go to any job. In non-operative one patient had ASIA A grade did
not go any work.

DENIS WORK SCALE AT FOLLOW UP (NON-OPERATIVE GROUP)
WORK

ASIA A

ASIA B

ASIA C

ASIA D

NORMAL

W1

-

-

-

-

1

W2

-

-

-

-

15

W3

-

-

1

-

4

W4

-

-

-

-

2

W5

1

-

-

-

-

SCALE
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FIM SCORE (Functional Independence Measure)

FIM score was calculated in all patients with neurological injury at the time of discharge
from the hospital after rehabilitation and during subsequent visit. In our study we found
there was increasing trend in the FIM score at follow up. Most of the patient return to
work with modifications.

DENIS PAIN SCALE

All patients pain scale scored at follow up using DENIS PAIN SCALE. Scale graded
from 1 to 5 based on the severity of pain and usage of analgesics.

OPERATIVE GROUP n-33

Of patients treated by various surgical methods 27% of patients did not have any pain
two years of follow up.67% of patients had minimal pain which did not require any pain
medication.6% of patients had moderate pain which relieved with occasional usage of
analgesics. In our study no patients had severe pain which require chronic usage of pain
medications. The pain scale at follow up was correlated with Cobb’s angle at follow up
to look for positive correlation. However, in our study there was no significant
association between pain scale and Cobb’s angle at follow up. Patients with less pain
had more Cobb’s angle when compared to patient with moderate pain had less Cobb’s
angle
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Table 8
DENIS PAIN

AVG COBB’S

OPERATIVE n-33

SCALE

S.D

ANGLE

P1

9(27%)

18 º (6-34)

9.36

P2

22(67%)

12 º (6-32)

8.91

P3

2(6%)

11 º (8-15)

4.31

P4

-

-

-

P5

-

-

-

cobbs angle
20
18
16
14
12
10

8
6
4
2
0
P1

P2

P3

PAIN SCALE

Graph 7
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P4

P5

NON-OPERATIVE GROUP (n-24)

Of patients treated by various non-operative methods ,21% of patients did not have any
pain at available period of follow up.67% of patients had minimal pain which did not
require any pain medication.12% of patients had moderate pain which relieved with
occasional usage of analgesics. In our study no patients had severe pain which require
chronic usage of pain medications. The pain scale at follow up was correlated with
Cobb’s angle at follow up to look for positive correlation. However, in our study there
was no significant association between pain scale and Cobb’s angle at follow up.

Table 9
DENIS PAIN

NON-

AVG COBB’S

SCALE

OPERATIVE n-24

ANGLE

P1

5(21%)

24 º (16-30)

5.45

P2

16(67%)

22 º (13-47)

11.22

P3

3(12%)

19 º (14-28)

19.53

P4

-

-

P5

-

-
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S. D

cobbs angle
30

25

20

15

10

5

0
P1

P2

P3

P4

P5

PAIN SCALE

Graph 8 DENIS PAIN SCALE AND AVERAGE COBB’S ANGLE OF BOTH
OPERATIVE

AND NON-OPERATIVE METHODS

DENIS

OPERATI

COBB’S

PAIN

VE n-33
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SCALE

S.D

OPERAT
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COBB’S

OPERATIVE

ANGLE

n-24

NON
OPERATIVE

IVE
P1

9(27%)

S. D

18 (6-34) 9.36
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5(21%)

24 º (16-30)

5.45

P2

22(67%)

12 º (6-

8.91

16(67%)

22 º (13-47)

11.22

4.31

3(12%)

19 º (14-28)

19.53

32)
P3

2(6%)

11 º (815)

P4

-

-

-

-

P5

-

-

-

-

In our study in both operative and non-operative groups there was no correlation
between the Cobb’s angle and Denis pain scale at follow up.

Cobb’s angle (operative group n-33)

Cobb’s angle were measured in all patients at injury, immediate post-operative and at
follow up and loss of angle of kyphosis were measured at follow up and compared
between three groups

Table 10
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Cobb’s angle

At injury

Immediate
postoperative

At follow up

Loss of
correction

Mean

22.14

9.90

20.00

-10.10

Standard
deviation

6.45

5.92

11.70

7.68

Mean

19.50

4.34

11.36

-7.02

Standard
deviation

7.17

2.36

6.39

6.98

Anterior(n-5)

Posterior (n-18)

Posterior +anterior (n-10)
Mean

18.16

7.99

15.13

-7.14

Standard

5.47

4.18

10.73

8.87

Anterior

Posterior

Posterior

deviation

Loss of correction
of kyphosis

p value

+anterior
Mean

-10.10

-7.02

84

-7.14

0.1041

Standard
deviation

7.68

6.98

8.87

In our study there was loss of correction of kyphosis in all three groups. The loss of
correction is less in patients underwent various methods of surgical fixation by posterior
approach when compared with other two groups. However, on comparison between the
groups the difference the loss of correction did not have statistically significant value.

Non-operative group (n-24)

Cobb’s angle were measured in all patients at injury and at follow up, loss of angle of
kyphosis were measured at follow up and compared between three groups

Table 11
Cobb’s angle

At injury

At follow up

Loss of
correction

19.58

26.27

-6.69

Bed rest (n-12)
Mean

85

Standard deviation

9.71

10.22

3.132

Mean

22.54

23.36

-0.82

Standard deviation

6.54

7.74

6.91

Mean

11.27

15.41

-4.41

Standard deviation

6.28

6.37

3.76

Loss of correction
of kyphosis

Bed rest

Brace

Plaster

pvalue

Mean

-6.69

-0.82

-4.41

0.0796

Standard
deviation

3.132

6.91

3.76

Brace(n-5)

Plaster jacket (n-7)
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In our study there was loss of correction in all three groups, the loss of correction was
less with patient treated with brace when compared to other two groups, however the
difference in the loss of correction did not have any statistical significance.

Anterior vertebral height

Anterior vertebral height was measured in patient treated by various fixation techniques
using posterior approach mainly pedicle screw insertion in the fractured vertebra, since
the other two groups involves the corpectomy,AVH was not measured and AVH was
measured in all patients treated by various non-operative methods. Operative group
(posterior n-17)

Table 12
Anterior
vertebral height

At injury

Immediate
post-operative

At follow up

value

Mean

1.47

2.18

2.07

0.0004

Standard
deviation

0.33

0.30

0.27

(in cms)
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In our study there was increase in the anterior vertebral height in patients who had
pedicle screw inserted through the fracture vertebra and at follow up there was decrease
in the vertebral height however the decrease in the vertebral height did not have
statistically significant value. Since other two groups involve anterior corpectomy and
fusion with cage anterior vertebral height could not be calculated.

Local kyphotic angle

Local kyphotic angle was measured in patients treated with pedicle screw insertion
through the fracture vertebra and in all patients treated by various non-operative
methods

Operative group (posterior n-17)

Table 13
Local kyphotic
angle

At injury

Immediate
post-operative

At follow up

pvalue

Mean

21.40

5.45

11.20

0.0005

Standard
deviation

5.59

2.92

1.14
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In our study there was decrease in the local kyphotic angle in the immediate
postoperative period and at follow up of two years there was increase in the local
kyphotic angle however the difference in the loss of correction did not have
statistically significant value.

Non-operative group (n-24)

Table 14
Local kyphotic angle

At injury

At follow up

pvalue

Mean

23.37

29.56

0.017

Standard deviation

6.65

8.53

Mean

26.08

24.68

Standard deviation

4.80

8.46

Mean

19.84

21.63

Standard deviation

5.68

7.24

Bed rest (n-12)

Brace (n-5)
0.08

Plaster jacket (n-7)
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0.19

In our study there was increase in the local kyphotic angle in patients treated with bed
rest and plaster jacket. In patients treated with brace there was decrease in the local
kyphotic angle, however on comparison with each group there was no statistically
significant value.

2 VERTEBRAL ANGLE

2 vertebral angle was measured in patient treated by various fixation techniques using
posterior approach mainly pedicle screw insertion in the fractured vertebra, since the
other two groups involves the corpectomy and fusion 2VA was not measured and 2
vertebral angle was measured in all patients treated by various non-operative methods
Operative group (posterior n-17)

Table 15
2VA angle

At injury

Immediate
post-operative

At follow up

Pvalue

Mean

21.68

4.52

13.19

0.0003

Standard
deviation

7.90

3.11

4.70
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In our study there was decrease in the 2VA immediate post op, on follow up there was
increase in the 2VA when compared to immediate post op, however the difference 2VA
at follow up was not statistically significant.

Non-operative group (n-24)

Table 16
2VA angle

At injury

At follow up

value

Mean

23.99

30.39

0.02

Standard deviation

7.96

7.99

Mean

24.54

24.50

Standard deviation

5.36

8.88

Mean

19.54

21.77

Standard deviation

6.76

7.26

Bed rest (n-12)

Brace (n-5)
0.16

Plaster jacket (n-7)
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0.14

There was increase in the 2VA in patients treated with plaster jacket and bed rest group
when compared to patients treated with brace however on comparing the difference
between the groups did not have statistically significant value.

LOAD SHARING CLASSIFICATION

The scores using load sharing classification was calculated for the all the patients who
were treated by operative methods. One patients who did not have CT at the time of
injury were excluded Table 17
Score
injury

at Anterior

Posterior

Posterior anterior

Total (n-32)

5

0

3(17%)

0

3(9%)

6

0

13(72%)

0

13(41%)

7

4(100%)

2(11%)

7(70%)

13(41%)

8

0

0

3(30%)

3(9%)

100%

100%

100%

100%

p<0.0001
In our study 4 patients with score of 7 underwent anterior surgical approach and
instrumentation and fusion.13 patients with score of 6 &3 patients with score less than
6 and 2 patients with score of 7 underwent posterior approach and instrumentation.3
patients with score more than 7, 7 patients with score of seven were treated with
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combined approach. Load sharing classification is useful to decide the type of approach,
in our study there was a statistical significant p value using load sharing classification
and type of approach using the scores.

COMPLICATIONS
Operative group

All the patients had satisfactory radiological union at follow up. One patient treated by
combined approach who had retro diaphragmatic dissection had pleural tear
intraoperatively for which ICD was inserted. One patient had deep vein thrombosis
immediate post- operative period for which heparin was given and titrated with oral
anticoagulants. One patient had post - operative wound discharge in the 1st week for
which debridement and washout was done, implants were retained patient was started
on appropriate antibiotics patient went into satisfactory union and implant removal was
done at 18 months.1 patient had implant failure at one year follow up however the
patient was asymptomatic ,had radiological union did not require implant removal .3
patients had erectile dysfunction at follow up and patients were referred to andrology
department for further evaluation.2 patients had pressure sore at follow up was admitted
and transferred to PMR department for further rehabilitation. In our study there was no
life threating complication. Patient who were paraplegic who had underwent
rehabilitation had better quality of life and return to some form of work at follow up.
No patients had implant prominence or severe pain requiring implant removal.

Non-operative group
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No patient had instability and worsening of neurology at available follow up which
required surgical intervention. There was worsening of kyphosis in all patients treated
by non-operative methods however the worsening of kyphosis did not have any
influence on functional outcome in terms of pain (Denis pain Scale) and return to work
(Denis Work Scale). In non-operative group there increase number of lost to follow up.
No other major complications in patients treated by non-operative methods with
available follow up.
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BURST FRACTURE

NEUROLOGICAL STATUS OF
PATIENT

STABILTY OF FRACTURE
PATTERN

STABLE

NON OPERATIVE

WITH
NEUROLOGICAL
DEFICIT

UNSTABLE

INTACT
NEUROLOGY

OPERATIVE

STABLE

NON OPERATIVE

ANTERIOR
POSTERIOR
POSTERIOR+ANTERIOR
EXTENDED POSTERIOR
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UNSTABLE

OPERATIVE

RADIOGRAPHS
Cobb’s angle (posterior instrumentation with screw including fracture vertebra)

Pre op

Immediate post op

At follow up
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Cobb’s angle (anterior stabilization)

Pre op
Immediate post op

At follow up
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Cobb’s angle (posterior anterior)

Immediate post op

Pre op

At follow up
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99

ANTERIOR VERTEBRAL HEIGHT (SCREW INCLUDING THE FRACTURE)

Pre op

Immediate post op

At follow up
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2 VERTEBRAL ANGLE

Pre op
Immediate post op

At follow up

Cobb’s angle (non- operative method)
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At injury

At follow up

Local kyphotic angle (non-operative method)

At injury

At follow up

2 vertebral angle (non-operative method)
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At injury

At follow up

Anterior vertebral height (non-operative method)

At injury

At follow up
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DISCUSSION
Spine trauma is most common at thoracolumbar junction almost 90% of the injuries
occurs ar thoracolumbar junction due to its unique anatomy(54). Of all spine fractures
BURST fractures are more common in thoracolumbar junction which account for 17%
of the major spinal fractures(55). Burst fracture was first described by Holdsworth and
later redefined by Denis. The etiology of burst fracture vary according to the age in
young population burst fracture commonly occurs secondary to high energy trauma
including road traffic accident and fall from height. In elderly population it occurs
secondary to trival fall and associated oestoporosis plays a vital role etiology. In a study
by Scheer et al (34-54% ) of the burst fracture occurred secondary to fall from height
and (51-65%) of fracture secondary to motor vehicle accident and around 9% of the
injury due to high intensity sports(56). Study by Khurjekar et al in indian population
had similar results as our study such as the most common mechanism of injury was fall
height constitue about 50%(fall from building or tree ) and in 46% secondary to road
traffic accident(57). Aligizakis et al study showed 75% of burst fracture secondary to
fall from height and 25% of the fracture secondary to motor vehicle accident(58). In our
study 77% of injury resulted secondary to fall from height (fall from tree or building)
and 23% of injury resulted secondary to road traffic accident. In our study burst fractures
were more common in males(77%) when compared to females(23%) which is
comparable to other studies. A study by Senturk et al also showed similar gender
distribution, 66% of burst fractures in males and 34% in females(59). The overall mean
age of patients was 49 in the study by Senturk et al(59), the mean age in males was
49(16-84) while in females it was 49(20-72). In our study the mean age of male patients
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was 37 years(15-62) and the mean age of the female patients was 31 years(15-50). In
our study the mean age was less compared to the other studies because this study
excluded oestoporotic burst fractures which is common in elderly population. In our
study the most common vertebra involved was L1(47%) which is comparable with
other study by Senturk et al(59) where L1 vertebra was involved in (43%) and according
to Hur et al(60), where L1 vertebra was involved in (40%). Aligizakis et al study L1
vertebra was involved in 83%(58).

The associated upper and lowerlimb fracture are common in burst fracture study by
Aligizakis et al showed 25% of lower limb fractures associated with burst fractures,10%
of upper limb injuries and 5% of other system involvement was seen. In our study there
was 23% of various lowerlimb fractures and 3% of various upper limb fractures was
seen. In our study we did not have other major systems involvement.

Though burst fractures are very common, the ideal classification and ideal management
of the burst fracture is still controversial. The surgical fixation of the burst fracture helps
in decompression of the spinal canal, restoration and maintainace of the vertebral body
height, early ambulation and rehabilitation, prevention of progression of the kyphotic
deformity. Non operative treatement of burst fractures in patients with intact neurology
would avoid surgery and its related complications.

Literature suggest that stable burst fracture can be managed non operatively. Agus et
al,Wood et al and Shen et al (54) suggests that stable burst fracture with intact neurology
can treated by non operative methods. In our study all patients treated by non operative
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methods had intact neurology( except for 2 patient who had neurolgical deficit but were
not willing for surgery) and stable fracture pattern with average kyphotic angle of 20 º.
Hitchon et al(54) suggested that burst fracture can be managed by non operative
methods in patients who has angular deformity less than 20º, anterior vertebral height
greater than 50% and residual canal diameter exceeding 50%.

Surgical fixation is widely accepted in literature in patients with neurological deficit.
Reid et al stated that in patients with neurological deficit and kyphotic angle more than
35º will need surgical fixation(19). Benson et al and Willen et al concluded that
operative treatment should be limited to fractures with canal compromise more than
50%, compression of the anterior coloumn more than 50% and kyphotic angle more
than 20 º(54). Alpantaki et al(4) stated that surgical fixation indicated in patients with
progressive neurological deterioration,incomplete neurological injury, 50% of canal
compromise, more than 50% of anterior vertebral height loss and more than 30º of
kyphotic deformity. In our study of patients who underwent surgical fixation 36% of
patients had complete neurological deficit and 28% of incomplete neurological injury.
36% of the patients in the surgical group had intact neurolgy. In our study the average
kyphotic angle of the patient who underwent surgical fixation with intact neurology was
30º. Our indications of surgical fixation and patients treated by various non operative
methods was comparable with all available literature. The incidence of neurological
deficit in burst fracture ranges from 21-40% with complete injury to the spinal cord at
thoracic spine level due to the narrow spinal canal(5). In our study 36% of the patients
had complete neurological deficit. In our study there was no deterioration of neurology
as a result of surgery, 7(21%) patients had incomplete neurological injuries of which
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1(14%) patient had improved by atleast by one grade(ASIA) at follow up. In our study
12(36%) patients who had complete deficit did not show any neurological recovery.
Study by Ge et al (61) had similar results as our study,in their study there was no
improvement of neurology in patients with complete deficit. A similar study by Yang
al (54) on outcomes of surgical fixation for thoracolumbar fractures has similar results
as our study,according to his study there was no neurological deterioration as result of
surgery, patients with incomplete deficit had neurological improvement by one grade.
Our study results in neurological recovery is comparable with other studies. Denis et al
(54) reported late neurological deterioration in 6 cases(17%) patients with burst fracture
treated by non operative methods,however in our study patients treated by various nonoperative methods did not have neurological deterioration with available follow up.
However other studies by Yi L et al, Natelson et al and Celbi et al(4) did not have any
neurological deterioration by treating non operetively. Our study had comparable
neurological outcome with available studies. Functional outcomes in our study was
assesed using Denis pain scale and Denis work scale and FIM score was used in patients
with complete neurological deficit. Our study had a favourable functional outcome. In
surgical group patients with intact neurology one patient returned back to same work
without restriction, nine patients went back to same work with slight restrictions. No
patients had severe pain at follow up requring multiple analegesics. Our results were
comparable with other studies such as Siebenga et al and Wood et al (62). Weinstein et
al (55)in study 80% of the patients treated by non operative methods able to return to
pre trauma occupation. In our study 4% of patients return pre trauma occupation and
63% of patient return to previous work with slight restrictions. Mumford et al had
overall good outcome in terms of pain and function in 49% of the patients (55). In our
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study in patients treated but non operative methods 21% of patients had no pain and
67% of the patient had mild pain no requiring analgesics with available follow up. The
functional outcomes of our study is comparable with other studies. In our study there
was loss of correction of kyphosis in surgically treated patient and progression of
kyphosis in patient treated by non operative methods. Study by Avanzi et al(63) had
progression of kyphosis in patients treted by conservative method with average of 045
º. In our study in patients treated by conservative method had average progression of
kyphosis around 22 º (3-56 º) with available follow up. The post traumatic kyphotic
deformity at follow up in patients treated by conservative method did not have any
correlation with functional outcome in terms of pain and return to work. Avanzi et al
(63) study on corelation of post traumatic kyphotic deformity and functional outcome
had similar results. Sadatsunel et al(64) concluded there was no corelation between
residual kyphosis and fucntional outcome in terms of pain and return to work. Our study
we had similar outcome the residual kyphosis did not affect the functioal outcome. Loss
of correction kyphosis at follow up for patients treated by various surgical methods
widely described in various studies. Study by Kramer et al reported progression of
deformity upto 12º following posterior method and Stephens et al reported progression
upto 11.9 º following surgical fixagtion(55). In our study average loss of correction
around 8º with various surgical fixation method. In our study the loss of correction of
kyphosis 7º was less in patients treated with posterior stabilisation with pedicle screw
including the fractured vertebra when compared to anterior and combined apporaches.
Study by Guven et al(43) had similar results as comparable to our study. Xing et al(27)
suggested tat early stabilisation of thoracoumbar fractures prior to 72 hrs reduces
mortality and morbidity. In our study the average time of surgery from the time of
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admission was less than 72 hours. Various studies compared anterior and posterior
apporach meta analysis by Xu et al (36) concluded that anterior apporach not
significantly superior to posterior apporach interms of neurlogical recovery, pain and
return to work. In our study there was no difference in neurlogical improvement with
various apporaches.Meta analysis by Tian et al (53)concluded that fusiont was not
necessary in throracolumbar burst fracture treated by posterior pedical fixation. In our
study fusion was not done in patients treated by posterior pedicle screw fixation there
was no implant faliure at follow up thus our techniques of surgical fixations was
comparable with various other studies.Altay et al(53) suggested that posterior pedicle
instrumentation can be done in patient with load sharing score less than 7, the overall
implant faliure rate was 6.2%. In our study 72% of the patient with load share score less
than 7 and 2 patients with score of seven treated by posterior pedicle instrumetation
there was no implant faliure in our study in patients treated by posterior pedicle
instrumentation.

CONCLUSION
Though BURST FRACTURE is a very common fracture at the thoracolumbar
junction the ideal management still remains controversial.
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In patients with complete neurological deficit surgical fixation helps in early
mobilization, rehabilitation and improvement in the quality of life. If they are managed
non-operatively they can be managed with plaster cast providing support for early
mobilization.

Though there is loss correction of kyphosis at follow up in operative group and
progression of kyphosis in the non-operative group, there was no correlation with the
functional outcomes in terms of pain(Denis pain scale) or return to work(Denis work
scale).

No single classification system can be applied to decide on the ideal management of
burst fracture.

AO classification is an useful tool to describe the morphology.

LOAD SHARING CLASSFICATION can be used to decide on the type of approach.

LIMITATIONS
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Our study was a retrospective study .

Small sample size.

Loss of follow up in non-operative group.

Future recommendation

Needs a prospective study on various methods of operative and non-operative
managment in patients with intact neurology.

Needs newer classification systems for better understanding and management of
BURST fractures.

Angle of kyphosis should not be taken as the denominator for calcualting sample size
in future studies.
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Format for Informed Consent Form for Subjects

Informed Consent form to participate in a research study

Study Title: EVALUATION OF FUNCTIONAL AND RADIOLOGICAL OUTCOME OF
THORACOLUMBAR BURST FRACTURES
Study Number: ____________
Subject’s Initials: __________________ Subject’s Name:
_________________________________________

Date of Birth / Age: ___________________________
(Subject)

(i)

I confirm that I have read and understood the information sheet dated
____________ for the above study and have had the opportunity to ask questions.
[ ]

(ii)

I understand that my participation in the study is voluntary and that I am free to
withdraw at any time, without giving any reason, without my medical care or legal
rights being affected. [ ]

(iii)

I understand that the Sponsor of the clinical trial, others working on the
Sponsor’s behalf (delete as appropriate), the Ethics Committee and the
regulatory authorities will not need my permission to look at my health records
both in respect of the current study and any further research that may be conducted
in relation to it, even if I withdraw from the trial. I agree to this access. However,
I understand that my identity will not be revealed in any information released to
third parties or published. [ ]

(iv)

I agree not to restrict the use of any data or results that arise from this study
provided such a use is only for scientific purpose(s). [ ]
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I agree to take part in the above study. [ ]

(v)

Signature (or Thumb impression) of the Subject/Legally Acceptable

Date: _____/_____/______

Signatory’s Name: _________________________________

Or
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Signature:

Representative: _________________

Date: _____/_____/______

Signatory’s Name: _________________________________

Signature of the Investigator: ________________________

Date: _____/_____/______

Study Investigator’s Name: _________________________

Signature or thumb impression of the Witness: ___________________________

Date: _____/_____/_______

Name & Address of the Witness: ______________________________
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INFORMATION SHEET

Burst(spine) fracture is the most common fracture in the spine. It can occur following
road traffic accident or fall from height, following burst fracture it can give simple
problems like pain to major problem like neurological injury. There are various methods
to treat the fracture, it can treated either with bed rest, plaster jacket, special
orthosis(structured non operative) or it can be treated with surgery where it has to be
fixed with rods and screws. Treatment of burst fracture is controversial since no definite
criteria are described. When there is neurological deficit or significant bone damage it
is usually treated by surgery using rods and screws. When there is no neurological
deficit or significant bone damage it is usually treated by structured non operative
method . It is necessary that patient treated by any means to be observed closely to
prevent post treatment complication such as persistent back ache, worsening
neurological symptom ,implant breakage if treated by (surgical fixation) methods.

If you had been treated by any method mentioned above you need to be followed for
complication and functional recovery to return to work. Routinely patient who had
treatment for fracture spine followed up every three months on first year and every six
months in the second year for above mentioned reasons. During follow up serial x rays
and clinical examinations done if any complications identified might need additional
investigations like (CT/MRI).If you had not followed up as mentioned above kindly do
follow up
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If you had treatment for burst fracture with minimum follow up of two years you will
be assessed for functional outcome of the treatment either by telephone enquiry,
assessed in the spine out patient department and we would like to include you for study
and follow up.
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PROFORMA
Name

:

Age

:

Gender

: Male (1)

Female (2)

Occupation :

Diagnosis:

Dennis classification: A/B/C/D/E

•
•
•
•

•

a

Type A: Fracture of both end-plates. The bone is retropulsed into the canal.
Type B: Fracture of the superior end-plate. It is common and occurs due to a
combination of axial load with flexion.
Type C: Fracture of the inferior end-plate.
Type D: Burst rotation. This fracture could be misdiagnosed as a fracturedislocation. The he mechanism of this injury is a combination of axial load
and rotation.
Type E: Burst lateral flexion. This type of fracture differs from the lateral
compression fracture in that it presents an increase of the interpediculate
distance on anteroposterior roentgenogram.
AO classification: [1]A3.1
[2]A3.2

127

[3]A3.3

Mode of injury : (1)Fall from height

(2)RTA
(3)Others

Date of injury :

Date of surgery :

Date of follow up:

Months of follow up:

Years of follow up :
Conservative /surgical: (1) CONSERVATIVE
(2) SURGICAL

Level of verterbra involved: D10/D11/D12/L1/L2

Surgical type

: (1)anterior
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(2)posterior

(3)posterior+anterior

Conservative: (1)Bed rest

(2)TK brace

(3)plaster jacket

(4)none of the above

At the time of injury
of follow up(48months)

ASIA (A/B/C/D/normal)

Scores

ASIA score

Load shearing classification
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At the time

Radiological

at injury

immediate post op

at follow up

Cobbs angle
Local kyphotic angle

2 vertebral angle
3 vertebral angle
Anterior vertebral height

Posterior vertebral height

Functional outcome

at follow up

Denis work scale :

•
•
•
•
•

W1: Return to previous employment (heavy labor) or physically demanding
activities
W2: Able to return to previous employment (sedentary) or return to heavy
labor with restrictions
W3: Unable to return to previous employment but works full time at new job
W4: Unable to return to full time work
W5: No work, completely disabled

130

Denis functional pain scale:
[ 1] No pain

[ 2] Minimum pain, without use of medication

[ 3] Moderate pain, with occasional use of medication

[ 4] Moderate to severe pain, with constant use of medication

[ 5] Severe pain, with chronic use of medication

FIM SCORE

at injury

follow up

( in patient with neurological deficit)
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at
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HOSPITAL
S.NO

1

NAME

RAGURAM

NUMBER

994557C

MODE
AGE

35

SEX

MALE

DIAGNOSIS

MODE OF INJURY

D12 BURST FRACTURE

FALL

WITH ASIA A

HEIGHT

L2
CHENGALRAYA
2

MANDIR

WITH
068018D

21

MALE

JAGANNATH
3

BASKAR

L1
975253C

43

MALE

5

KALPANA

DAMAYANTHI

241251D

264519D

17

47

FEMALE

FEMALE

RAJA.P

106513D

22

MALE

PALANI

310023D

41

MALE

SEETU

323591D

36

MALE

329590D

18

MALE

135

HEIGHT

FRACTURE

FALL

SURGICAL

FROM

HEIGHT

FRACTURE

FALL

SURGICAL

FROM

FALL

WITH ASIA A

HEIGHT

SURGICAL

RTA

SURGICAL

BURST

BURST

FRACTURE

WITH ASIA D

BURST

NEUROLOGY

FROM

FALL

FROM

HEIGHT

FRACTURE

WTH ASIA A

BURST

SURGICAL

FRACTURE

WITH ASIA D

WITH
PANNER

FROM

D12 BURST FRACTURE

L2

9

FALL

HEIGHT

L1
8

BURST

SURGICAL

WITH ASIA A

L2
7

INTACT

WITH ASIA A

L1
6

BURST

FROM

FRACTURE

NEUROLOGY

L1
4

BURST

OFTREATEMENT

FALL

SURGICAL

FROM

HEIGHT

SURGICAL

FRACTURE
INTACT

FALL
HEIGHT

FROM
SURGICAL

10

ELUMALAI

441141D

39

MALE

D12 BURST FRACTURE

FALL

WITH ASIA D

HEIGHT

L2
11

KANNAYARAM

SHIEK
12

810527D

52

MALE

SARIF

HOSSAIN

709947D

35

MALE

BURST

HEIGHT

L1

FALL

BURSTFRACTURE

WITH ASIA C

BURST

WITH
922352D

18

FEMALE

WITH
VINOTH .M

968133D

27

MALE

D12

FROM
SURGICAL

FROM
SURGICAL

FRACTURE
INTACT

BURST

SURGICAL

HEIGHT

NEUROLOGY

L2

14

FALL

WITH ASIA D

L2

POOJASINGH

FRACTURE

FROM

FALL

FROM

HEIGHT

SURGICAL

RTA

SURGICAL

RTA

SURGICAL

FRACTURE
ASIA

A

PARAPLEGIA

D12 BURST FRACTURE
WITH
15

LALITHA S

064581F

27

FEMALE

NEUROLOGY

L2

BURST

WITH
16

MAGESH

159677F

32

MALE

17

MOHAN

JANA

45

MALE

HARIKUMAR

189811F

27

MALE
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INTACT

BURST

WITH ASIA A

FALL

FROM

HEIGHT

SURGICAL

FRACTURE
INTACT

NEUROLOGY

L1
18

BURST

WITH
181819F

FRACTURE

NEUROLOGY

L1
MADAN

INTACT

FALL

FROM

HEIGHT

FRACTURE

FALL
HEIGHT

SURGICAL

FROM
SURIGICAL

L2
19

JAYACHANDRAN

415183F

23

MALE

BURST

WITH ASIA B

L1

BURST

WITH
20

LAKSHMI

227420B

45

FEMALE

PRABAKARAN D

429043F

42

MALE

BURST

SURGICAL

FALL

FROM

HEIGHT

FRACTURE

WITH ASIA A

L1

FROM

FRACTURE
INTACT

BURST

FALL
HEIGHT

NEUROLOGY

L1
21

FRACTURE

FALL

SURGICAL

FROM

HEIGHT

FRACTURE

FALL

SURGICAL

FROM

22

SIVAKUMAR

623741F

40

MALE

WITH ASIA B

HEIGHT

SURGICAL

23

PANCHARCHARAM

720595F

54

MALE

D12 BURST WITH ASIA A

RTA

SURGICAL

D12 BURST FRACTURE
WITH
24

LAKSHMI

DILIP
25

910368F

22

FEMALE

KUMAR

GORAI

42

MALE

ASIA

A

PARAPLEGIA

L2
064962G

L1

BURST

FALL
HEIGHT

FRACTURE

WITH ASIA A

FALL

27

SRINIVASULU.V

SANKAR

949223F

508242D

28

25

MALE

MALE

SURGICAL

FROM

HEIGHT

FALL
26

FROM

SURGICAL

FROM

L2 BURST WITH ASIA C

HEIGHT

SURGICAL

L1 BURST FRACTUE WITH

FALL

INTACT NEUROLOGY

HEIGHT

SURGICAL

RTA

SURGICAL

FROM

D12 BURST FRACTURE
28

KESAVAN

006213C

48

MALE
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WITH ASIA A

NURMAHAMMAD
29

SHEKH

FALL
634593F

36

MALE

L1 BURST FRACTURE

L1BURST
WITH
30

AGNES SELVARAJ

672725A

50

FEMALE

BURST

WITH
31

IMAN HUSSIAN

511979G

44

MALE

WITH
32

DHENAGARAN

831412D

43

MALE

SURGICAL

RTA

SURGICAL

INTACT

FRACTURE
INTACT

NEUROLOGY

L1BURST

HEIGHT

FRACTURE

NEUROLOGY

L2

FROM

FALL

FROM

HEIGHT

SURGICAL

RTA

SURGICAL

FRACTURE
INTACT

NEUROLOGY

D12 BURST FRACTURE
WITH
33

GANASOUNDRI

889187d

44

FEMALE

INTACT

NEUROLOGY

FALL

FROM

HEIGHT

SURGICAL

RTA

CONSERVATIVE

D12 BURST FRACTURE
WITH
34

SEKAR

831014D

49

MALE

NEUROLOGY

L1

BURST

WITH
35

SUNDRAMOORTHY

644233D

50

MALE

BURST

WITH
VENKATESAN

795099D

55

MALE

138

FRACTURE
INTACT

NEUROLOGY

L1

36

INTACT

NEUROLOGY

FALL

FROM

HEIGHT

CONSERVATIVE

FRACTURE
INTACT

FALL
HEIGHT

FROM
CONSERVATIVE

L2

BURST

WITH
37

MAMTA BISWAS

978289D

32

FEMALE

BURST

WITH
VEL

897410D

43

MALE

BURST

WITH

40

PERUMAL

ESWARI.C

MD
41

997630F

636238C

48

15

MALE

FEMALE

INTACT

FALL

21

MALE

CONSERVATIVE

FROM

HEIGHT

CONSERVATIVE

FRACTURE
INTACT

FALL

NEUROLOGY

HEIGHT

L2BURSTFRACTUREWITH

FALL

INTACT NEUROLOGY

HEIGHT

FALL
174897F

FROM

FRACTURE

SADDAM

HSIAN

FALL
HEIGHT

NEUROLOGY

L2

39

INTACT

NEUROLOGY

L1

38

FRACTURE

L1 BURST WITH ASIA C

FROM
CONSERVATIVE

FROM
CONSERVATIVE

FROM

HEIGHT

CONSERVATIVE

RTA

CONSERVATIVE

NEUROLOGY

RTA

CONSERVATIVE

L2BURST FRACTRE WITH

FALL

INTACT NEUROLOGY

HEIGHT

CONSERVATIVE

RTA

CONSERVATIVE

D12 BURST FRACTURE
WITH
42

SURESH BABU

566983G

38

MALE

INTACT

NEUROLOGY

D12 BURST FRACTURE
WITH
43

44

VIJAYALAKSHMI

VENKATESAN

475921F

970431F

33

36

FEMALE

MALE

INTACT

FROM

D12 BURST FRACTURE
WITH
45

RAJA

963435F

44

MALE

139

NEUROLOGY

INTACT

FALL
46

NIHAR MISTRY

387353F

43

MALE

L1 BURST WITH ASIA A

FROM

HEIGHT

CONSERVATIVE

RTA

CONSERVATIVE

D12 BURST FRACTURE
WITH
47

BABU

340328F

62

MALE

INTACT

NEUROLOGY

L1BURSTFRACTURE

48

MANIKANDAN

548563G

18

MALE

WITH

FALL

INTACTNEUROLOGY

HEIGHT

L1

BURST

WITH
49

NAGESH

440492F

31

MALE

FROM
CONSERVATIVE

FRACTURE
INTACT

NEUROLOGY

FALL

FROM

HEIGHT

CONSERVATIVE

RTA

CONSERVATIVE

D12 BURST FRACTURE
PADMAVATHI
50

KULATA

WITH
660846D

45

FEMALE

NEUROLOGY

L1

BURST

WITH
51

MANIGANDAN

558195D

15

MALE

BURST

WITH

53

JAYASANKAR

NIKITHA

516722G

977346F

45

15

MALE

FEMALE
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FRACTURE
INTACT

NEUROLOGY

L1

52

INTACT

FALL

FROM

HEIGHT

CONSERVATIVE

FRACTURE
INTACT

FALL

NEUROLOGY

HEIGHT

L1BURSTFRACTUREWITH

FALL

INTACT

HEIGHT

FROM
CONSERVATIVE

FROM
CONSERVATIVE

L1
JIBAN
54

CHACRABORTY

BURST

WITH
946563F

38

MALE

FRACTURE
INTACT

NEUROLOGY

FALL

FROM

HEIGHT

CONSERVATIVE

INTACTNEUROLOGY

FALLFROMHEIGHT

CONSERVATIVE

L1 BURST WITH INTACT

FALL

NEUROLOGY

HEIGHT

CONSERVATIVE

FALLFROMHEIGHT

CONSERVATIVE

L1
BURSTFRACTUREWITH
55

56

GANDHI REDDY

GANGADAR

878985D

501868F

36

30

MALE

MALE

L2

BURST

WITH
57

MONJIRUL ISLAM

312455g

30

MALE

141

NEUROLOGY

FROM

FRACTURE
INTACT

