Review Article

Page 1 of 11

Minimally invasive surgery for thoracolumbar spinal trauma
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Abstract: The indications for operative intervention after thoracolumbar spine trauma have been well
described. Advances in minimally invasive techniques, including percutaneous pedicle screw fixation and
mini-open anterolateral retractor-based approaches can improve surgical outcomes when appropriately
applied by reducing blood loss, operative duration and post-operative pain. Moreover, they allow for
theoretical advantages by preservation of muscular and skeletal blood supply and innervation that is typically
lost during the muscular dissection of open approaches. For thoracolumbar spine fractures, percutaneous
fixation allows for internal bracing of unstable fractures during healing while maintaining sagittal alignment.
In instances of neurological compromise from fracture retropulsion, corpectomies may be required, and
mini-open lateral approaches adopted from degenerative disease applications allow for a minimally invasive
manner to treat the defect. These further allow for placement of wide rectangular-footprint expandable
vertebral body replacement devices to provide anterior column support. We believe this allows for lower
rates of subsidence and helps to maintain the biomechanical integrity necessary to prevent post-traumatic
malalignment and kyphosis. Together, these minimally invasive techniques combined supply the spine
surgeon with a minimally invasive armamentarium to treat nearly all thoracolumbar spine trauma. Surgeons
should be comfortable with the strengths and shortcomings of these approaches in order to successfully apply
them for this pathology.
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Introduction making, and is based on the morphology of the injury, the
integrity of the posterior ligamentous complex, and the
presence of neurological injury (1,2). Additionally, those
patients at risk of developing significant deformity, who

have incapacitating pain, or are unable to tolerate external

Treatment of trauma to the thoracic and lumbar spine has
been the focus of surgeons for decades due to the associated
decision-making complexity and various directions of

approach. Increasing understanding of the biomechanics,
pathophysiology and natural history for the various spinal
column injury types has allowed for better prognostication
and has helped to dictate indications for surgical
intervention. The thoracolumbar injury classification and
severity score (TLICS) score can assist in this decision
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bracing may benefit from surgical intervention.

When intervention is warranted, posterior, anterior or
combined anterior-posterior approaches can be considered,
each with its own distinct advantages. Historically,
posterior spinal approaches have involved large segment,
open fixation techniques with dorsal decompression and
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correction of sagittal alignment if needed. Likewise,
anterior approaches utilizing a thoracotomy could be
performed to directly decompress the neural elements and
restore biomechanical support through anterior column
reconstruction with vertebral body replacement implants.
More recently, minimally invasive techniques have gained
traction due to advantages with regard to minimizing
paraspinal tissue damage during the approach. As such,
utilization of these approaches for some instances in spinal
trauma may achieve similar benefits while decreasing
patient morbidity and potentially improving outcomes.

In this review, we highlight the main types of spinal
trauma, and how minimally invasive techniques may be
appropriately applied. Specifically, we describe lateral
approaches that may be used to access the anterior column
for corpectomies. Additionally, we will discuss percutaneous
posterior fixation applications for unstable fractures. Some
of the literature supporting the use of these methodologies
is examined. Limitations will be noted and identified
accordingly.

Percutaneous posterior spinal fixation

Unstable fractures may require internal fixation with
pedicle screw instrumentation to limit segmental motion
while they heal. Additionally, for some patients, external
bracing may not be an option, and surgical treatment must
be considered. A number of studies have suggested that
percutaneous placement may have significant advantages
over traditional open posterior approaches as it does not
require the extensive retraction, devascularization and
denervation of the paraspinal musculature. Additionally, the
procedure comes with shorter operative duration, decreased
blood loss and reduced pain, which in turn may help lead to
faster recovery times and shorter hospital stays (3-5).

While there has been some contention regarding the need
for posterior arthrodesis, several studies comparing fixation
without fusion to traditional techniques have demonstrated
similar outcomes at long-term follow-up (6-11). It is thought
that posterior arthrodesis allows for preserved kyphosis
that cannot be achieved with fixation alone, however, it
seems likely that many patients with fixation alone likely
fuse though this has not been directly assessed. For cases
of percutaneous pedicle screw fixation alone, removal of
hardware may be offered after fracture healing is complete in
hopes that mobility may be maintained across this segment
if fusion has not occurred. In a study examining fixation
without fusion, instrumentation removal at 9-12 months
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post-op caused a small but statistically significant decrease
in the amount of original kyphosis correction, though this
did not result in a worsening of clinical outcomes (12).
Other studies directly comparing percutaneous pedicle
screw fixation and posterior open fusion have also suggested
that no difference in results could be seen between the two
methodologies at long-term follow-up (5,13,14). While
conclusive data remains to be seen, it is likely that this
data collectively suggests that short segment percutaneous
fixation provides sufficient biomechanical support to
maintain spinal alignment when applied to appropriate
patients and clinical circumstances. Surgeons may counsel
patients upfront at the time of surgery of a relatively low risk
of long-term post-operative kyphosis, and the potential for a
larger open operation if this develops.

Thoracolumbar burst fractures

The vast majority of studies above have applied percutaneous
fixation to the treatment of unstable thoracolumbar burst
fractures (15) These are best applied to cases where there
is no neurological symptoms related to bone fragment
retropulsion in the spinal canal. In these instances, the
instrumentation acts as an internal bracing while fracture
healing occurs. It is unclear whether posterior ligamentous
injury affects the long-term viability of this approach,
however, some authors argue that extensive disruption may
be suggestive of better treatment with posterior fusion (16).

In the authors’ experience (JS Uribe, JD Turner and
WD Smith), short-segment fixation (one level above and
below the fracture) with a short screw (25-35 mm in length)
through the pedicle at the index level provides substantial
biomechanical support to allow for appropriate healing.
Compromise of the pedicle(s) may prohibit placement of
an index level screw. Likewise, compromised bone integrity
at an adjacent level may warrant extension to an additional
level to ensure appropriate purchase (9). While the authors
typically employ biplanar fluoroscopy for screw placement,
navigated screw placement can also be considered based
on surgeon preference and comfort with each technique.
Attention to K-wire localization is imperative at all times,
particularly at the fractured level, in order to prevent
unintentional advancement through the body into critical
vascular structures (17).

For many burst fractures, prone placement of the patient
on the operating room bed causes postural reduction of
the traumatic deformity. In cases of severe angulation or
kyphosis, it may be best to consider an open approach such
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Figure 1 A young adult male who sustained an L1 burst fracture (A) in a motor vehicle accident. CT and MR imaging revealed some

retropulsion (B,C), but the patient lacked neurological deficits. Short-segment percutaneous pedicle screw fixation was performed with

distraction across the segment was performed. Ligamentotaxis with ventral reduction of the retropulsed fracture and alignment restoration

can be seen on intra-operative X-rays (D,E), and post-operative CT (F) and MR (G) imaging.

that osteotomies and/or decompression can be performed
in tandem to achieve the appropriate level of correction (4).
For mild angulating kyphosis related to the anterior
wedging of the fracture, successful distraction can often be
performed provided good bone quality and screw purchase.
Figure 1 demonstrates an L1 burst fracture with short
segment fixation in a young male after a motor vehicle
accident. Index level screws were placed and distraction
was performed (NuVasive® Reline™ Trauma System,
San Diego, CA) to restore height and correct the focal
deformity. Despite having no neurological symptoms,
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retropulsion was seen on computed tomography and
magnetic resonance imaging pre-operatively. Distraction
across the fractured segment allowed for ligamentotaxis
and anterior stretching of the retropulsed bone fragment,
thereby decreasing canal encroachment. This technique is
particularly affective in young patients with a severe fracture
that may otherwise result in a kyphotic deformity after
healing with an external brace alone. Furthermore, it allows
for early mobilization, which may in turn help prevent
other medical complications, such as atelectasis and venous
thromboembolism.
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Thoracolumbar flexion-distraction fractures

Fewer reports have focused on percutaneous fixation
for flexion-distraction injuries, however, it remains a
consideration for this pathology as well (18). Though many
of these fractures may not result in canal compromise,
their severe instability merits consideration for surgical
stabilization. Originally described by Chance, the fracture
pattern can result in disruption of the posterior arch
structure (19). This is reflected by their highest value on the
TLICS scoring system of all the fracture morphologies (2).
Unlike for burst fractures, the goal is typically compression
across the fracture line, and this again comes largely from
positioning. Distraction maneuvers during rod placement
should be avoided to prevent worsening of the fracture
displacement and/or neurological injury.

Percutaneous pedicle screw fixation can be performed
with the aim to limit movement across the fracture line.
Particularly with healthy young patients, internal bracing via
this method allows for safe stabilization while the healing
process occurs in patients that do not require open fracture
reduction. Application of percutaneous fixation for flexion-
distraction fractures has been demonstrated to be safe and
resulted in less blood loss, trends toward shorter lengths
of stay and operative duration, and resulted in no worse
focal kyphosis at the time of surgery or follow-up compared
to an open approach (18). Again, the authors prefer short
segment fixation with a short screw through the pedicle at
the index level when able. An example is seen in Figure 2 for
a L1 chance fracture flexion-distraction type injury. Fixation
one level above and one level below was performed. While
bilateral index level screw placement is preferred, it can be
seen that the fracture extends through one of the pedicles,
preventing insertion on that side. Similar fixation applications
to those flexion-distraction fractures seen in ankylosing
spines of ankylosing spondylitis and diffuse idiopathic skeletal
hyperostosis (DISH) have also been described (20,21).

Percutaneous vertebral augmentation

In some cases, spinal fixation may not be warranted or
may be contraindicated due to advanced age and/or severe
osteoporosis. Since the 1980’s, non-surgical treatments
with vertebroplasty techniques consisting of percutaneous
injection of polymethylmethacrylate (PMMA) cement have
been in use (22). Outcome studies have shown that this
technique may improve pain levels in certain patients, but
have associated risks of cement leaking, which may in turn
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cause neurological deficits or pulmonary emboli (23-25).
Advances have been made with the development of a balloon-
kyphoplasty, whereby percutaneous transpedicular balloon
“tamps” (Kyphon, Inc., Sunnyvale, CA) are inflated within
the vertebral body to create a cavity for cement injection.
In theory this allows for low-pressure cement injection and
therefore lower risk of cement embolization or extravasation
into the spinal canal. Additionally, there are claims of
improvement in kyphosis that can be seen due expansion of
the compressed vertebral body, although the data supporting
this remains equivocal (26). A recent series also demonstrated
use of PMMA for vertebral body reconstruction after posterior
corpectomy of pathological fractures with good results (27).

Other attempts have been made to design a specialized
percutaneous bone graft delivery and containment system
(Optimesh®, Spineology, Inc., St. Paul, MN) that stimulates
ingrowth of new bone (21). Large studies demonstrating the
outcomes for this technology still need to be performed to
demonstrate efficacy in kyphosis correction or protection (28).
However, some data suggests that non-operative treatment
in young neurologically intact patients with mild traumatic
compression fractures may result in worse disability
outcomes at long-term follow-up despite following TLICS
guidelines (29). It remains uncertain whether this is due to a
loss of sagittal balance, but in following what’s known from
the degenerative adult spine deformity literature, this likely
is a contributor in most instances. Therefore, consideration
of an immediate kyphoplasty with percutaneous bone graft
delivery and containment could be considered to help
return the patient more reliably to their pre-traumatic
condition. Further studies will be required to help confirm
this suspicion.

Still, a growing interest remains regarding percutaneous
augmentation combined with short-segment percutaneous
pedicle screw fixation (30). In theory, injection of the
index level with cement should reduce stress on the
hardware and decrease the risk of post-surgical kyphosis.
Most importantly, this could be employed in patients
with questionable bone quality and higher risk of
hardware failure. While maintenance of kyphosis has
been demonstrated at long-term (>12 months) follow-up
with combined augmentation and short-segment fixation
(31,32), no studies directly comparing this method directly
to fixation without cement have been performed. Given
the reported risk of cement leakage seen in both of these
studies, further evidence is required to substantiate the
benefit of this cement supplementation to warrant its added
risks. Careful patient selection may aid in defining those
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Figure 2 A young adult male who sustained an L1 flexion-distraction (Chance) fracture (A) in a motor vehicle accident. The fracture can be

seen extending through the posterior elements (B,D) and the left pedicle (C) on CT and MR imaging. Short-segment percutaneous pedicle

screw fixation was performed to internally brace the highly unstable fracture (E). Lateral (F) and anterior-posterior (G) standing scoliosis

X-rays demonstrate the stability of the construct with the patient upright.

cases where this benefit may be seen.
Lateral approaches for thoracolumbar

corpectomies

Thoracolumbar fractures often result in retropulsion into
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the spinal canal, which may or may not cause neurological
injury. Traditional posterior and posterolateral approaches
are the standard of care for many surgeons as they allow for
decompression of the posterior elements, provide a wide field
for visualization the neural elements, and create exposure
for pedicle screw fixation and posterolateral arthrodesis if
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required. Comparatively, anterior spinal approaches allow
for direct visualization of the pathology and removal of
the spinal compression, which in almost all instances exists
ventral to the neural elements. Some studies have suggested
that anterior approaches result in better neurological
outcomes (33,34). While many posterior approaches allow
for access to the anterior column, anterior approaches obviate
the need for thecal sac, spinal cord and nerve root retraction
to gain access to the pathology (35). They additionally allow
for easier replacement of the compromised bone with large
expandable implant devices and restoration of the anterior
column (36). This is preferred biomechanically, with good
fusion rates, lower rates of subsidence and decreased risk of
post-traumatic kyphosis.

As such, in the setting of thoracolumbar trauma, we
will perform an anterolateral corpectomy if the patient has
neurological symptoms warranting removal of offending
retropulsed bone fragments. Similarly, we will consider
placing anterior column support if we are concerned about
sagittal alignment, as long-term kyphosis progression may
result in delayed sagittal imbalance and spinal deformity,
particularly in young patients with a long life-expectancy (37).

Originally devised for treatment of degenerative
pathologies, mini-open lateral approaches have been
adopted for applications requiring anterior column access,
including trauma, and also infectious and neoplastic lesions
as well (36). Compared to traditional transthoracic and
retroperitoneal approaches, mini-open lateral approaches
utilize retractors to gain focal access to the pathology
under fluoroscopic guidance. This mitigates much of
the morbidity related to pain and blood loss of open
anterior approaches, and also removes the need for an
access surgeon. Moreover, for thoracic pathologies, a
retropleural access is used, thereby, omitting opening of
the pleural cavity that is required with open transthoracic
thoracotomies. Not only does this allow for standard dual-
lumen ventilation during the procedure, but also decreases
the chances of developing a duropleural cerebrospinal fluid
fistula if the dura is violated (35).

Surgical approach and considerations

The surgical approach for lumbar fractures follows the tenets
of those described for degenerative disease as described
by Ozgur et al. (38,39). For those at the thoracolumbar
junction and thoracic spine, a retropleural approach is our
preferred methodology (39,40). Intra-operative fluoroscopy
is vital to correct identification of the pathological level and
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to localizing the best location for incision and exposure.
In thoracic cases, rib resection may be required for
retractor placement. The fidelity of anteroposterior and
lateral positioning of the patient and C-arm in orthogonal
planes ensures accuracy during the approach and mitigates
trajectory-related tension on the retractor throughout the
case. Blunt finger dissection allows for safe ventral dissection
of the peritoneum and/or parietal pleural between the
transversalis and endothoracic fascia, respectively, while
approaching the anterolateral spine. Palpation of the
pathological level should guide dilator/retractor placement
and X-ray imagine can be used to verify positioning.

Once the retractor is in good position, an anterior
retractor can be placed to protect visceral and vascular
structures during the corpectomy. Segmental vessels
crossing the pathology should be identified, coagulated and
cut. Ventrally, a vertebrectomy is performed from disc space
to disc space, and the dorsal retropulsed bone fragments are
pushed away from the neural elements into this defect. In
thoracic cases, the ipsilateral pedicle can also be removed
so that the ventral edge of the dura can be visualized, and
all work can be performed with maneuvers away from
the spinal cord. In all cases, the posterior longitudinal
ligament should be resected when able to safeguard against
incomplete decompression.

Fluoroscopy can be performed to ensure that the
corpectomy is complete in all directions. Once this is
achieved, an expandable cage can be placed into the
corpectomy site. We prefer to use a wide-footprint cage
packed with locally collected morselized autograft and the
surgeon’s choice of allograft. Wide footprint rectangular
cages (such as X-CORE®, NuVasive, Inc.) span the hard
cortical bone edges of the adjacent vertebral bodies and may
help to decrease subsidence (41-43). This presents as one
of the greatest advantages of the lateral approach compared
to a posterolateral approach, where only a circular footplate
cage can be placed. Fixation from the lateral approach can be
performed to secure the construct by means of anterolateral
plating. If bone integrity or biomechanical stability is unclear,
percutaneous pedicle screw fixation can also be placed as a
second stage. The necessity of this from a biomechanical
standpoint remains uncertain, but can be considered for
specific clinical situations. Figure 3 demonstrates an L1 burst
fracture in a middle-aged female after a fall with evidence
of a bone fragment retropulsion and conus medullaris
compression. She demonstrated neurological deficits from
the compression and therefore underwent a left-sided
anterolateral corpectomy with placement of a wide footprint
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Figure 3 A middle-aged female who sustained an L1 burst fracture (A) after a high-elevation fall who presented with neurological symptoms

consistent with conus medullaris compression as seen on CT imaging (B). She underwent emergent left mini-open anterolateral corpectomy

with removal of the retropulsed bone fragment and placement of an expandable rectangular footplate vertebral body replacement device (C,D)

and lateral plate fixation (E) with two screws each in T'12 and L2.

expandable rectangular cage. Removal of the offending
retropulsed bone fragment can be seen with maintenance of
spinal alignment and lateral plate fixation.

Clinical experience with minimally invasive corpectomies
for trauma

To date, our experience (WD Smith, JS Uribe) provides
a large, modern experience with mini-open lateral
approaches to thoracolumbar corpectomies for trauma (39).

© Annals of Translational Medicine. All rights reserved.

In the published series of 52 patients treated with one-
level corpectomies between T7 and L4, treatment with
a titanium cage and lateral plate fixation was performed,
with several cases being backed up by supplemental pedicle
screw fixation. Of note, in the first part of the study,
circular footplate cylindrical titanium cages were used, and
a transition to rectangular wide-footplate cages for the
remainder of the study was made. Subsidence was noted
in 7 of 34 of the cylindrical vertebral body replacement
patients, and no cases of subsidence were seen in the 18
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Thoracolumbar fracture

Requires surgical
intervention?

No Yes
Neural
No compromise? Yes
Observation
Delayed kyphosis Anterior column
ired?
No development? Yes support required?
No Yes
Observation Percutaneous pedicle screw fixation MIS lateral corpectomy

Figure 4 Schematic representation of the decision-making process for minimally invasive approaches to thoracolumbar trauma.

patients treated with rectangular plates. A complication rate
of 15% was reported, and all patients in the study remained
stable or improved neurologically with surgery in this series.
Since the time of publication, we have continued to apply
this treatment strategy with good results.

A number of other published experiences have examined
mini-open lateral approaches for corpectomies of various
etiologies. Baaj et al. (44) published a series of 80 patients
who had corpectomies for trauma, infection and tumors.
Their study demonstrated a similar overall complication
rate of 12.5 percent. These complications included
durotomies, intercostal neuralgia, deep venous thrombosis,
pleural effusion, hemothorax, wound infection and
hardware failure. Another study focusing on corpectomies
for unstable lumbar burst fractures in 12 patients showed
that when supplemented with short-segment posterior
fixation this approach improved local lordosis, had good
patient satisfaction outcomes and was tolerated well with
minimal pain and morbidity (45). In their series, three of
the patients required a chest tube for pleural violation and 1
patient required reoperation for cage subsidence/hardware
failure. Similarly, we reported our experience with this
approach for corpectomies for tumor in 13 patients between
T8 and T12 with similar peri-operative results (operative
duration, estimated blood loss, length of stay) and with only
one infectious complication (pneumonia).

Limitations of a mini-open lateral approach also exist.
Most obviously, it does not allow for visualization of the
posterior elements or decompression of this column if it is
necessary. Often, a posterior arch fracture co-exists with
vertebral body lesions, and causes nerve compression or
dural violation, and for these instances, an open posterior
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approach is preferable. Additionally, anatomical limitations
allow for optimal access only between T'6 and L4. Rostrally,
the exposure is limited by the scapula, and caudally, by the
iliac crest. Lumbar levels inherently contain risk to the
lumbosacral plexus during psoas manipulation, especially at
L4 where the nerves course ventrally.

Regarding the surgical approach itself, there is a
moderate learning curve associated with minimally invasive
techniques, including utilization of fluoroscopic guidance,
retroperitoneal/retropleural retractor placement and the
requirement of longer tools to operate down a long, narrow
working space. As such, this procedure should be performed
only by those spine surgeons with prior significant
experience with both mini-open lateral approaches for
degenerative disease and traditional open corpectomy
techniques. This approach may be even more difficult to
perform in morbidly obese patients due to an increased
distance between the lateral incision point and the spine. It
should also be noted that retropleural and retroperitoneal
dissection can also become more difficult if adhesions exist
in these spaces, which can often occur in the setting of
multi-system trauma, or if applied to other inflammatory,
infectious or neoplastic conditions.

Conclusions

Minimally invasive spine techniques provide stabilization,
and when needed, decompression of the spine after
thoracolumbar trauma (Figure 4). Percutaneous pedicle
screw fixation allows for internal bracing during fracture
healing with preservation of innervation, blood supply and
muscular insertion. When appropriately applied, it can
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provide ligamentotaxis through distraction, biomechanical
stabilization and spinal re-alignment. While definitive
data still is lacking to support long-term fixation without
posterolateral arthrodesis, this can likely be applied in most
clinical situations safely without long-term risk of post-
surgical kyphosis even after hardware removal. In the setting
of neural compression and symptomatic fractures, mini-
open lateral approaches allow for safe removal of the ventral
retropulsed fracture with a corpectomy and vertebral body
replacement to provide structural anterior column support.
This allows for maximal neurological recovery and the best
chance at maintaining normal spinal alignment for long-
term functionality. Utilizing a minimally invasive lateral
exposure yields sufficient visualization of the pathology to
accomplish the aforementioned tasks, while minimizing
pain, blood loss and morbidity compared to traditional
anterior approaches.
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