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Minimally Invasive Spine Surgery Options in Management of
Thoracolumbar Fractures- Indications and Surgical Techniques
Arvind Kulkarni1, Sameer Ruparel1
Abstract
Study Design: Literature review and expert opinion
Objective: Thoracolumbar fractures account for 90% of spine fractures. The conventional surgical treatment consists of open exposure with
spinal instrumentation and fusion. With the advent of minimally invasive techniques and their approach related advantages combined with
their successful use in degenerative disorders, they are being increasingly used in treatment of thoracolumbar injuries. The objective of this
review article is to discuss indications and surgical techniques for the same.
Materials and Methods: A review of current English literature complemented with experience of the senior author was amalgamated.
Results: Current indications and surgical techniques of minimally invasive surgery along with the experience of the author are summarized.
Conclusion: The basic biomechanical principles of treatment of thoracolumbar fractures remain the same, irrespective of the approach. The
scope of MIS for treating these injuries is increasing to encompass more complicated fracture patterns.
Key words: spine trauma, thoracolumbar, minimally invasive, instrumentation.
Introduction
Thoracolumbar fractures account for
approximately 90% of all spine fractures [1].
Most of these are concentrated between D11
and L2 due to its transition from the rigid,
stable kyphotic thoracic spine to mobile,
lordotic lumbar spine and thus susceptible to
injury. These injuries can result in potentially
devastating sequelae including paralysis, pain,
deformity, and loss of function [2–5]. In
addition to the physical consequences, the
long-term effects of spinal injuries may also
have a signiﬁcant psychologic, economic, and
social impact [6–9]. The treatment goals for
patients with thoracolumbar injuries are to
maintain or restore spinal alignment and
stability, preserve neurologic function and
mobilize the patient as soon as possible. The
conventional surgical treatment consists of
open exposure with spinal instrumentation
and fusion. With the advent of minimally

invasive spine surgical techniques and
successful utilization for lumbar degenerative
disorders, these are increasingly used for the
treatment of thoracolumbar fractures.
Standard midline posterior spinal approaches
have shown to cause signiﬁcant muscle
morbidity resulting from iatrogenic muscle
denervation (particularly with exposure
lateral to the facet), increased intramuscular
pressures, ischemia and revascularization
injury [10–14]. All these effects can lead to
paraspinal muscular atrophy, scarring, and
decreased extensor strength and endurance
[15–20]. This approach related morbidity has
prompted many spine surgeons to assess the
feasibility of minimally invasive spine surgery
for the treatment of thoracolumbar fractures.
The objective of this review article is to
discuss indications and surgical techniques for
the same.
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Indications and Surgical Technique:
Treatment of thoracolumbar fractures is
controversial due to the lack of a
classification system which
incorporates the mechanism of injury
and morphology of the fracture, has
good inter observer reliability,
neurological status of the patient and
the condition of soft tissues. Due to
this, it is often difficult to form a
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definite treatment algorithm for these
fractures. However, principles of stabilization
and fusion still remain the same irrespective
of it being a conventional open or minimally
invasive surgery. We used the ASIA scoring
system to grade the neurological status of the
patient. The AO classification system is used
to describe the morphology of the fracture
and treatment decision regarding surgery was
based the Thoracolumbar Injury
Classification and Severity [TLICS] Scale.
Patients with progressive neurological
deterioration and unstable fractures are
frequently operated upon. The use of
minimally invasive surgery seems to be a
blessing in poly trauma patients requiring
stabilization in view of Damage Control
Orthopaedics [DCO].
Patients brought to casualty with
thoracolumbar fractures are managed
according to ATLS protocols. After
stabilization, they are thoroughly evaluated
and investigated. Classification of fracture and
grading of neurological deficit is done as per
above mentioned systems. Decision regarding
surgery varies from patient to patient,
generally patients with TLICS >= 4 are
operated. Whether to apply minimally
invasive surgical [MIS] techniques to treat
these is dependent on numerous factors. MIS
techniques are skilful and evidently have a
steep learning curve. The surgeon must be
thoroughly acquainted with the anatomy of
the vertebral structures and MIS equipments.
Hospital dependent factors include the
availability of microscopes for adequate
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Table 1: Current MIS Techniques Used in TL Trauma

MIS Technique[s]
Anterior endoscopic
decompression and stabilization

Posterior percutaneous
segmental pedicle screw ?xation

Indications
Anterior decompression, Anterior
column restoration
Restoration of posterior tension
band, Indirect augmentation of
anterior column, Augmentation of
anterior ?xation, Substitution for
when direct anterior ?xation is
not feasible

Percutaneous vertebral body
balloon-assisted endplate
reduction and augmentation

Endplate reduction and vertebral
height restoration, Augmentation
of anterior column

Temporary percutaneous
posterior ?xation

Temporary stabilization to
facilitate mobilization or
prevention of secondary injury in
an unstable injury when
de?nitive ?xation is unsafe

dis
tra
cti
on
inj
uri
es
of

Combinations of the above
visualization, trained staff, MIS
instrumentation and fluoroscopy. Navigation
and use of intraoperative neurophysiological
monitoring are additional factors which
improve safety of the patient. The most
important patient dependent factor is the
cost. The benefits of reduced blood loss,
infection rates, better tolerance to
postoperative pain and faster recovery must
be balanced with the cost involved in MIS
instrumentation and implants.
Goals of surgery with thoracolumbar fractures
include adequate biomechanical stabilization
of the fractured segment, decompression of
the neural structures and fusion of
instrumented vertebrae. These are achieved
with conventional open surgeries using
anterior/ posterior approaches. Above can be
achieved with minimally invasive surgical
techniques as follows:
1. Percutaneous pedicle screw fixationPercutaneous pedicle screw fixation restores
the posterior tension band and indirectly
augments the anterior column. These can be
used when anterior fixation is not feasible and
can augment anterior fixation. It is an
excellent fixation technique in unstable
polytrauma patients for initial stabilization.
Typical indications of using these alone
include fractures in which anterior column
restoration is not required involving posterior
elements e.g., Chance fracture i.e. flexion-

the spine.
2. Anterior minimal access decompression
and stabilization: Anterior minimally invasive
decompression and stabilization can be used
independently or augmented with posterior
percutaneous pedicle screw fixation and is
typically employed in burst fractures wherein
reconstruction of anterior column seems to be
necessary. Decompression, stabilization and
fusion can all be achieved with this approach.
3. Vertebroplasty/Kyphoplasty: This can be
combined with percutaneous pedicle screw
fixation in cases of pincer, wedge or
incomplete burst fractures in middle aged
adults, though traditionally vertebropalsty is
used for osteoporotic fractures. After indirect
reduction with patient positioning, although
the vertebral walls give the radiological
impression of a good reduction with the
pedicle screw construct, the middle part of
the endplate cannot be reduced [21]. The
adjacent nucleus pulposus may later herniate
through the fractured endplate resulting in
anterior vertebral column insufﬁciency,
progressive collapse and ﬁnally failure [22].
Thus, augmentation with vertebroplasty/
kyphoplasty seems to have a beneﬁcial effect
to the discs adjacent to an A3/AO-type
fracture, managed with pedicle screw ﬁxation
plus endplate restoration, since no signiﬁcant
degeneration occurs 12–18 months postinjury [23].

Often, obtaining adequate anterior column
stabilization and fusion with percutaneous
pedicle screws and
vertebraplasty/kyphoplasty is not feasibile. In
these cases anterior approach is mandatory,
though in incomplete/complete burst
fractures manual reduction and transpedicular
body augmentation with titanium spacers
combining short segment ﬁxation has been
reported to be successful[24,25].
The current uses of MIS techniques and DL
injuries where application of MIS can be
considered and applied can be summarized as
follows: [Table 1 and 2 respectively] by
Rampersaud et al [26]:
Case Illustrations:
1. A 68 year old lady sustained L1
compression fracture without neurological
deficit due to fall [Fig 1]. Patient was treated
conservatively for 4 months elsewhere.
Patient had persistent pain even after 4
months when repeat x-rays and MRI [Fig 2]
showed further collapse of the fractures
vertebra and was advised surgery. Patient
underwent fixation with percutaneous pedicle
screw fixation and vertebroplasty of fractured
vertebra [Fig 3].
2. An 89 year old gentleman sustained an L3
vertebral fracture which was treated with
vertebroplasty [Fig 4]. Patient complained of
pain which was persistent for 4 months post
vertebroplasty. Flexion extension x-rays [Fig
5] showed pseudoarthrosis of vertebral
fracture, which was then treated with
percutaneous cement augmented pedicle
screws and vertebroplasty [Fig 6]. Presently,
patient is symptomatically better.
3. A 52 year old gentleman suffered chance
fracture D3-4 [Fig 7] without neurological
deficit which was treated conservatively. 8
months following treatment patient
developed myelopathic symptoms with repeat
MRI [Fig 8] showing aggravation of
radiographic features. Patient was operated
with percutaneous pedicle screw fixation
D2—5 [Fig 9].
Open Vs MIS in treatment of
thoracolumbar fractures:
With increasing use of percutaneous pedicle
screw fixation in the treatment of
thoracolumbar fractures, studies have been
conducted comparing clinical and radiological
outcomes with conventional open pedicle
screw fixation.
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Table 2: Thoracolumbar Injury Types Where the Application of Minimally Invasive Spinal Techniques Can Be Considered and Applied

Injury

Options for MIS Application(s) and Clinical Indications

Primary endoscopic/minimal access anterior decompression and ?xation,
Neurologically impaired patient requiring decompression, Burst fracture with
insuf?cient anterior column support not amenable to nonoperative or where shortsegment posterior ?xation is likely to fail, Supplemental percutaneous posterior
?xation in combination with an anterior procedure (formal open, mini-open,
endoscopic, or percutaneous balloonassisted), Anterior ?xation is not feasible or
inadequate (e.g., osteoporosis), Anterior column support is inadequate (e.g.,
osteoporosis, early evidence of anterior graft pistoning), Primary percutaneous
Axial loading (compression/ burst
posterior ?xation with MIS posterior decompression, Patients with radiculopathy
fractures)
amenable to focal decompression using a limited muscle-splitting approach (e.g.,
tubular retractor), Primary percutaneous posterior ?xation with fusion (with or without
limited decompression), Neurologically intact (or with radiculopathy) unstable burst
(i.e., disruption of the posterior bony or ligamentous complex), Note: MIS posterior
fusion when indicated can be accomplished using a limited muscle slitting approach.
Direct decortication of the facets (and or the posterolateral spine) and packing with
bone graft or a clinically proven substitute can be accomplished with a small tubular
retractor (18 mm).
Primary percutaneous posterior ?xation without fusion, Pure osseous injury Note:
percutaneous instrumentation can be placed selectively across motion segments that
Flexion-distraction
are not injured to enable ?xation. The instrumentation is then removed once the
primary injury is healed ( 6mo). Primary percutaneous posterior ?xation* with fusion
(see above) Combined or pure disco-ligamentous injury
Temporary percutaneous posterior ?xation without fusion, Polytrauma scenario where
Fracture-dislocation
de?nitive spinal ?xation is medically unsafe, Note: de?nitive stabilization can be
conducted at a later interval without compromise
Stable injuries (i.e.,
compression/burst fractures)
Primary percutaneous posterior ?xation without fusion, Patients with signi?cant chest
where use of an orthosis is
or abdominal trauma, rib fractures, pelvis fractures, or morbid obesity
contraindicated
Wild et al in a study of 21 patients of AO Type
3 thoracolumbar compression injuries and
concluded that percutaneous pedicle screw
instrumentation [PPSI] was associated with
significantly less blood loss with no difference
in clinical and radiological outcomes 5 years
after implant removal. The authors however
observed increased operative time with PPSI
[27]. Wang et al [28] in their study of 38
patients with similar injuries found significant
decreases in operative time also along with
other clinical and radiological parameters.
While these previous studies retrospectively
analysed 2 patient cohorts, Jiang et al. [29]
recently published the only prospective
randomized control trial comparing PPSI to
an open paraspinal approach for
thoracolumbar burst fractures in patients
without neurological deficits. The authors

demonstrated significant decreases in blood
loss associated with PPSI compared to the
paraspinal approach (79 ml vs 145 ml,
respectively), a shorter hospital stay (9.7 vs
10.8 days, respectively) and less pain
postoperatively. After more than 3 years of
follow-up of 61 patients, there were no
differences in Oswestry Disability Index score
or VAS score. The paraspinal muscle group
was able to achieve and maintain sagittal
correction better than those obtained by the
PPSI group. The authors concluded that PPSI
offers improvements over the paraspinal
approach.
Thus, above studies suggest the use of
percutaneous pedicle screw instrumentation
does have advantages over the conventional
open approach whenever feasible.
Another fracture morphology that can be

efficiently treated with MIS approaches is
patients having flexion- distraction injuries.
On comparison of radiological variables with
MIS and open approaches, Grossbachet
al[30]found though a slight increase in
kyphosis [though not statistically significant]
in MIS group post operatively. Joseph et al in
their study of 15 cases with flexion distraction
injuries [31], found that the average kyphosis
improved from 19.6° preoperatively to 5.73°
postoperatively, a statistically significant
difference, and that the degree of kyphosis
had increased to 7.87° at last follow-up, an
increase that was not statistically significant.
The average time to last follow-up was 16.1
months. The authors suggest that thoracic
flexion-distraction injury may be amenable to
this single surgical approach in most cases.
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Figure 1: MRI images after trauma

Many authors have raised concerns about the
rates of screw malposition, adjacent facet
violation and degeneration with PPSI.
Panagiotis Korovessis et al, [32] in their
retrospective study of 36 patients, found that

Figure 2: X-ray and MRI images after 4 months of conservative treatment

violation by the pedicle screws was disclosed
in axial CT images in eight (5.5 %) facet
joints. Adjacent joint degeneration at the
violated by screw facet was shown in 2 (5.5 %)
patients, respectively, 1 year post-operation.

Figure 3: Post op Clinical Images and X-rays

10% screws were malpositioned on axial CT
images, four percent with each with grade II
and grade III malpositions. Patients with
grade III malposition reported lower
extremity discomfort without neurological
deficit. Intraarticular adjacent segment facet

Figure 4: L3 fracture treated with vertebroplasty

Spontaneous inter-facet fusion within the
instrumentation area at the 1 year f/up
occurred in 10/36 (28 %) patients. On
comparison of these statistics with
conventional open approach, Chen et al [33]
reported 24–100 % facet joint violation rates

Figure 5: Flexion Extension x-rays showing pseudoarthrosis after 4 months

in open , while other studies reported 11–50
% violation rates for percutaneous procedures
[34,35]. However, Panagiotis Korovessis et al,
[32] reported much lower facet joint violation
rates [5.5%].

PPSI along with vertebroplasty/kyphoplasty
for the reconstruction of anterior column has
shown good clinical and radiological
outcomes. With 18 patients suffering from
lumbar compression and burst fractures,
Korovessis et al [32] found the mean blood

Figure 6: Post op x-rays treated with percutaneous cement
augmented pedicle screws and vertebroplasty
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Figure 7: Chance fracture D3-4 sustained at the time of
fall and treated conservatively

loss and operative times to be 75 ml and 45
minutes respectively. Segmental kyphosis
decreased from 16 to 2 degrees with no
neurological complications. Though,
Rahamimov et at [36] in a similar study found
of 52 patients, reported 3 cases of PMMA
emboli, and in half of the patients there was a
cement leak into adjacent soft tissue either
through the fracture or through segmental
veins but no cases of extravasation into the
spinal canal suggesting potential
complications of this technique.
For thoracolumbar injuries with requiring
more extensive anterior reconstruction and
decompression, Kim et al [37] reported 85%
fusion rates for stand alone procedures and
90% for combined procedures. They
performed thoracoscopic decompression,
reconstruction and instrumentation in 212
patients with AO type A, B and C fractures.
However, 64% underwent standard open
posterior stabilization. Three cases required
conversion to open procedure. 90% patients

Figure 8: Radiological images after 8 months of conservative treatment

maintained sagittal alignment at 1
year follow up.
Use of the transpsoas or lateral
approach to the lumbar and
thoracolumbar spine has been
increasing over the last decade in the
treatment of degenerative conditions
[38, 39]. Smith et al. [40]used this
approach in the treatment of 52
patients with AO Type B and C
fractures. Expandable titanium cages
were used for anterior column
support supplemented with
anterolateral fixation or pedicle
screws or combination of thereof. Mean
operative time and blood loss were 127
minutes and 300 ml respectively with
complication rates reported to be 15%.
Thus, majority of thoracolumbar fractures are
amenable to minimally invasive techniques
and these are increasing used successfully for
their treatment as evident in above mentioned
studies.

Figure 9: Post op images

Conclusions
The basic biomechanical principles for treatment of thoracolumbar fractures remain the same, irrespective of the approach- open / minimally
invasive techniques. Those conditions which cannot be treated without taking these principles into consideration, should not be treated with
MIS. Although minimally invasive techniques have distinct advantages over the conventional open approach in terms of decreased blood loss,
less post-operative pain and faster recovery, availability of MIS surgical instruments and experience of the surgeon are of paramount importance.
Use of neuro-monitoring and navigation techniques help to reduce.
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