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Abstract

Purpose Contemporary minimally invasive techniques
have evolved to enable direct access to the anterior spinal
column via the extreme lateral approach. We have em-
ployed this access approach to treat selected burst fractures.
We report our technique. Thoracolumbar burst fractures
that require surgical intervention have traditionally been
managed with anterior, posterior, or combined approaches.
Methods We have applied the minimally invasive ex-
treme lateral approach to perform vertebral corpectomy,
cage placement, and lateral instrumentation to treat burst
fractures. Indications for surgery were incomplete spinal
cord injury with persistent neural element compression due
to ventral fracture fragments in the canal. We present the
technical nuances of this surgical approach for the treat-
ment of thoracolumbar burst fractures with two case
illustrations.

Results There were no peri- or intra-operative complica-
tions. Both patients in our series remained neurologically
intact at their last follow-up (11 and 29 months, respec-
tively), and maintained their correction of kyphosis.
Conclusion The minimally invasive extreme lateral ap-
proach is an effective treatment option for the management
of thoracolumbar burst fractures.
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Introduction

Indications for surgical management of acute thoracolum-
bar burst fractures are well described and include decom-
pression of neural elements, restoration of spinal
alignment, and promotion of arthrodesis [1-4]. Patients
requiring surgery for thoracolumbar burst fractures may be
treated via an anterior approach, posterior approach or
combined anterior—posterior approach. The goals of sur-
gery are neural decompression, stabilization and correction
of an associated deformity when present. Anterior instru-
mentation has been shown to produce equivalent
arthrodesis and correction of kyphotic deformity compared
to posterior instrumentation, while allowing for direct vi-
sualization of the spinal canal and theoretically, a superior
decompression [5]. However, traditional anterior ap-
proaches to the thoracolumbar spine carry significant
morbidity, including pneumothorax, aortic injury, disrup-
tion of the lumbar plexus, retrograde ejaculation, and de-
velopment of abdominal or diaphragmatic hernia [6].

To minimize exposure-related morbidity, a number of
anterolateral laparoscopic and thoracoscopic approaches
for instrumentation at the thoracolumbar junction have
been attempted [7]. The minimally invasive extreme lateral
approach is a technique that has been previously described
for the treatment of spine pathology including degenerative
and scoliotic lumbar disease [8]. Its use in trauma, par-
ticularly in the treatment of burst fractures, is more limited
in the literature. We report an extrapolation of the con-
temporary minimally invasive extreme lateral approach to
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enable anterior decompression and instrumented fusion of
acute unstable thoracolumbar burst fractures.

Methods

We describe two patients who underwent an extreme lat-
eral approach for the treatment of unstable L1 burst frac-
tures. One patient underwent a posterior decompression
and fusion followed by the extreme lateral access to re-
construct the anterior column. The second patient had an
exclusive extreme lateral approach to treat his burst frac-
ture. Both patients presented immediately following trau-
matic injury. Preoperative evaluation consisted of physical
examination, computerized tomography (CT) of the tho-
racolumbar spine, and magnetic resonance imaging (MRI)
of the thoracolumbar spine. American Spinal Injury As-
sociation (ASIA) and Thoracolumbar Injury Classification
and Scoring System (TLICS) assessments were recorded
[25]. Both patients met criteria for instability of the fracture
requiring operative stabilization. Clinical outcomes, length
of surgery, estimated blood loss and length of stay were
recorded and analyzed.

We describe our surgical technique to perform a L1
corpectomy with the extreme lateral approach.

Surgical technique
Points of note

The major anatomic landmarks to consider when preparing
for this surgery are the ribs, lung, diaphragm, aorta and the
spinal curvature. The diaphragm will be in the surgical
access path when accessing the spine for the levels from
T10 to L1. The diaphragmatic tendinous attachments may
be encountered down to the L3 vertebra.

Preoperative MRI should be carefully evaluated to ex-
amine for the position of the aorta, the sympathetic plexus
and its relation to the psoas muscle and the spinal curvature
which may place the aorta in the path of the lateral surgical
corridor.

Position

After induction of general anesthesia, the patient is placed
in the lateral decubitus position with the left side up. We
prefer to use the left side to access the spine as the aorta
and iliac arteries are more pliable and forgiving than the
vena cava system and more likely to withstand surgical
handling without injury. In patients with scoliosis, the aorta
may lie on the lateral aspect of the vertebral bodies and
thus would require access from the opposite (right) side.
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The patient is positioned on the table such that the table
break lies at the midpoint of the iliac crest and the greater
trochanter. All pressure points are padded and the patient is
secured to the table with tape at the following locations:
Fig. la.

1. Over the iliac crest below the table break.

2. Over the thoracic region above the region of the
surgical exposure.

3. From the iliac crest inferiorly securing to the foot of
the table.

The bed is slightly flexed to expand the costo-pelvic in-
terval and the intercostals. The table (not the C arm) is
carefully adjusted to obtain true anteroposterior (the spinous
processes should be midline and the pedicles should be
equidistant from the spinous processes) and lateral (Fig. 1b).

Fluoroscopy is then utilized to mark out the fracture site
on the skin, identifying the superior aspect of the disc space
above and the inferior aspect of the disc space below the
fractured vertebrae.

When operating within the pleural cavity (to access the
spinal levels from the L1 body and above), the approach is
typically in between the ribs. The incision is again marked
utilizing fluoroscopy and will run parallel and in between
the ribs, along the superior aspect of the inferior rib, to
avoid injury to the neurovascular bundle (Fig.2a). A
chlorhexidine wipe and Chloraprep solution is used to
sterilize the surgical site.

Anatomic considerations during access
to the retroperitoneum

The main paired abdominal muscles include the external
oblique muscles, internal oblique muscles, transversus ab-
dominis muscles, and their respective aponeuroses, which
provide core strength and protection to the abdominal wall
viscera. The transversalis fascia is one of the main com-
ponents that maintain structural integrity of the retroperi-
toneal space. A 4-cm transverse incision is made along the
lateral flank at the midline level of the index vertebral body.
The incision should be made parallel to the direction of the
fibers of the external oblique to minimize the possibility of
injury to the motor nerves supplying them. This prevents
abdominal wall pseudo-hernia formation from loss of tone
to these abdominal wall muscles. Blunt dissection with
anterior sweeping movements of the retroperitoneal con-
tents is then performed to enable palpation of the psoas
muscle and the transverse process of the index vertebra.

Retroperitoneal access

The T12-L1 level, in our experience, can be accessed both
through the transpleural route and through the diaphragm
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Fig. 1 a Operating room picture demonstrating positioning of the
patient in relation to the table break. b AP radiograph demonstrating
central spinous processes with equidistant pedicles. d Picture demon-
strating site of incision in relation to the costal angle and the iliac

Fig. 2 a Animation demonstrating placement of the incision in
relation to the ribs. b, ¢ Animation demonstrating positioning of the
dilator system and the extent of exposure obtained. The handles of the
retractor are directed dorsally in this retroperitoneal access approach.

in the retroperitoneal space. The levels below L1 down to
the L5 superior end plate require a retroperitoneal access
route. A 4-cm flank incision is performed as above to gain
access to the retroperitoneal space via blunt finger dissec-
tion, carefully sweeping the abdominal contents ventrally
as each layer of the lateral musculature and fascia are
traversed. Loss of resistance from muscles (external obli-
que, internal oblique, transversalis muscle and fascia
transversalis) indicates that the retroperitoneal space has
been reached.

Once the tip of the transverse process is encountered, the
finger is then directed medially to feel for the psoas muscle,

crest. e Operating room picture with insert demonstrating the dilator
system acting as electrodes and providing an indication of the relative
proximity to the nerves

d, e Animation demonstrating discectomies, preparation of end plates
and placement of an expandable cage after performing the corpec-
tomy. f Animation demonstrating placement of the cage and plate

gently sweeping anteriorly and bluntly dissecting any fas-
cial adhesions. The first dilator is then passed with the
finger as its guide through the oblique muscle layers down
to the retroperitoneal space and docked on the psoas
muscle in the center of the vertebral body.

Electrophysiological monitoring
The lumbar plexus tends to lie in the posterior one third of
the psoas muscle. Electrophysiological monitoring is uti-

lized in all cases to enable safe passage of the dilators and
retractor system to minimize retraction and damage to
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these motor nerves. We utilize the neurovision (TM) neu-
romonitoring which continuously searches for the stimulus
threshold that elicits an EMG response and reports this
threshold both audibly and visually. As the stimulus source
(the dilators and the retractor system also act as electrodes
and are insulated to minimize current shunting) moves
closer to the nerve, less stimulus intensity is required to
elicit a response, resulting in a lower threshold, which
provides an indication of the relative proximity of the
dilator to the nerves (Fig. le). We consider threshold val-
ues of 10 mA and greater as a marker of safe distance from
the nerves.

Procedure

We utilize the MaXcess retractor system (NuVasive, Inc.
San Diego, CA), advancing it over the dilators and
minimally expanding it to reveal the inferior aspect of the
rostral vertebral body and the superior aspect of the caudal
vertebral body adjacent to the fractured level (Fig. 2b, c).

The handles of the retractor system are positioned
ventrally for intercostal access in the pleural cavity to en-
able the center blade to retract the lung and/or diaphragm
during exposure of the spine. Below LI, the retractor
handles are positioned posteriorly. The retractor is gently
opened to expose the disc spaces above and below the
index level; wanding of the blades is often required to
enable full rostral-caudal exposure while limiting superfi-
cial skin and rib expansion. Depending upon the retractor
positioning, either the third blade or the fourth blade can be
used to ventrally retract the lung, while additional blade
expanders are placed down the blades to further minimize
access to visceral and pleural contents into the surgical
corridor. An EMG blunt-tip probe is used to locate the
laterally traversing nerve root (ideally behind the posterior
retractor blade) to ensure that it lies outside the surgical
corridor.

Once exposed, it is important to safely locate and sac-
rifice the segmental arterial branch supplying the vertebral
body which takes off as a branch of the posterior intercostal
artery arising from the aorta. This minimizes nuisance
blood loss if it is lacerated inadvertently, but more so
prevents possible avulsion of the vessel from the aorta
during further dissection.

Total discectomies are then performed above and below
the fractured body in routine fashion as previously de-
scribed [9] (Fig. 2e).

Using punches, rongeurs, and a high-speed drill, the
fractured vertebral body is removed starting centrally to
create a potential space where displaced posterior frag-
ments can be persuaded into and away from the neural
elements until the underlying posterior ligament and dura is
visualized. The remaining fractured body is further re-
moved from the disc space above to below; the anterior
cortical surface does not need to be removed in its entirety,
as complete removal dramatically increases the possibility
of a great vessel or visceral injury. The residual anterior
bone can further act as a buttress to the cage and aide in
surface area for arthrodesis materials. Once the corpectomy
is complete, the endplates are prepared, and an expandable
titanium cage filled with morselized autograft (collected
during the bony removal) Fig. 2d, e is inserted, its posi-
tioning confirmed by fluoroscopy Fig. 3b, c. The cage is
ideally positioned anterior to midline to make use of the
greater structural integrity of the apophyseal ring as com-
pared to that of the weaker central body. The lateral bodies
of the vertebrae above and below the cage are carefully
drilled flush to enable level placement of a lateral plate,
which is then secured with four vertebral screws. The
posterior screws are placed with bi-cortical purchase for
added construct stability, while the anterior screws utilize
unilateral cortical purchase, to minimize contralateral vis-
ceral or vascular injury at the point of a cortical breach.
Final imaging is performed in the AP and lateral plane to
confirm hardware placement, following which copious

Fig. 3 a Intra-operative photograph of placement of the interbody
expandable cage. b Intra-operative fluoroscopic image of interbody
graft placement. ¢ Intra-operative fluoroscopic image demonstrating
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placement of interbody graft with lateral plate and screw reinforce-
ment. d Postoperative scar of MIS approach for treatment of burst
fracture in patient 1
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Table 1 Key points

Left side up
Flex the table after the patient is secured with tapes on the table

Do not move the C-arm, move the table to obtain crisp endplates
and midline spinous processes

Retractor handles directed posteriorly when operating in the
retroperitoneal space and anteriorly when operating in the
pleural cavity

Avoid injuring the neurovascular bundle when access is in
between the ribs

Incision for retroperitoneal access should be made parallel to the
direction of the fibers of the external oblique. Ensure good
closure of the transversalis fascia

Secure the segmental vertebral vessel early in the surgery

The diaphragm may be encountered from T10 to L3 levels

irrigation and meticulous hemostasis

(Figs. 2f, 3a—c).

are performed

Closure

The retractor is carefully contracted and extracted under
direct visualization to confirm that there is no bleeding
upon its removal. If pleural opening occurred during sur-
gical access, a red rubber catheter is placed through the
defect prior to closure, following which positive pressure
ventilation and suction during valsalva are used to mini-
mize air in the intrapleural cavity. The catheter is removed
through a purse-string suture prior to dermal closure. A
chest radiograph should be obtained postoperatively to
confirm and track pneumothorax. Table 1 enumerates the
key points of the aforementioned surgical procedure.

Summary of cases
Case 1

A 52-year-old previously healthy male sustained a fall
from approximately 15 feet during a hunting accident. He
presented to the emergency department complaining of low
back pain, but was otherwise neurologically intact (ASIA-
E). CT scan demonstrated a L1 burst fracture, with
retropulsion of the fragmented body causing approximately
90 % narrowing of the central canal (Fig. 4a, b).

The right T12-L1 facet joint was dislocated, and L1
pedicle fractures were present bilaterally. MRI confirmed
disruption of the posterior ligamentous complex at the
thoracolumbar junction; the injury was assigned a TLICS
score of five [10] (Fig. 4c).

On post-trauma day 1, the patient underwent a posterior
decompression and pedicle screw instrumentation from
T12 to L2. Two days later, he returned to the operating
room for a minimally invasive lateral transpsoas approach
for the anterior construct as described above. During the
dissection, a small hole in the diaphragm was required to
release the soft tissue overlying the T12 vertebral body and
gain access to the psoas muscle. The decompression was
performed and an expandable cage, filled with an osteo-
conductive bone matrix, was inserted and expanded to
39 mm. During closure, a red rubber catheter was placed
into the intrapleural space at the base of the diaphragm. A
purse-string suture was placed around the catheter, fol-
lowed by 10 s of positive pressure ventilation and subse-
quent removal of the catheter with immediate closure of
the deep fascia. No pleural catheter was left in place. The
patient did not develop a pneumothorax. Postoperative

Fig. 4 a Sagittal CT scan demonstrating L1 burst fracture with
kyphotic deformity. b Axial CT scan demonstrating significant
retropulsion of fractured vertebral body. ¢ Sagittal T2 MRI demon-
strating kyphotic injury and associated significant ligamentous injury.
d Postoperative lateral radiograph demonstrating corpectomy, cage
placement and correction of kyphotic deformity. e Sagittal CT

myelogram demonstrating L1 burst fracture with kyphotic deformity.
f Sagittal T2 MRI demonstrating kyphotic injury and associated
significant ligamentous injury. g Postoperative lateral radiograph
demonstrating corpectomy, cage placement and correction of
kyphotic deformity
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imaging demonstrated thecal sac decompression and ver-
tebral column realignment (Fig. 4d).

Case 2

A 17-year-old woman was the restrained driver in a high-
speed motor vehicle collision. She presented with severe
low back pain but remained neurologically intact (ASIA-
E). CT scan demonstrated an L1 burst fracture with 70 %
loss of height of the vertebral body and retropulsion
causing canal narrowing of 60 %, with associated right L1
pedicle and laminar fractures (Fig. 4e). MRI demonstrated
a disrupted posterior ligamentous complex, for a TLICS
score of 5 [10] (Fig. 4f).

On post-trauma day 2, the patient was taken to the op-
erating room for a minimally invasive lateral transpsoas
approach for an L1 corpectomy as detailed above. Utilizing
fluoroscopy, an expandable cage, filled with osteoconduc-
tive bone matrix, was then placed and expanded to 39 mm.
The lateral edge of the T12 and L2 vertebrae was drilled
flat, following which a TSLP 61-mm titanium plate (Syn-
thes, West Chester, PA) was placed using four vertebral
body screws. Postoperative imaging confirmed thecal sac
decompression and vertebral column realignment (Fig. 4g).

Results

There were no peri- or intra-operative complications in
either case. Both patients experienced transient postop-
erative grade 4/5 weakness in hip flexion on the side of the
psoas dilation. The operative time for case 1 was 3 h,
57 min with an estimated blood loss (EBL) of 400 mL. The
patient was hospitalized for a total of 7 days (discharged
3 days following his anterior operation), followed by
7 days of inpatient rehabilitation prior to discharge home.
At the last follow-up at 11 months after the surgery, the
patient was neurologically intact with no back pain, and the
Cobb angle measured from the superior end plate of T12 to
the inferior end plate of L2 had reduced from 22° to 6°.
The total operative time for case 2 was 4 h and 42 min
with an EBL of 240 mL. The hospital stay was a total of
4 days. The patient was discharged to home neurologically
intact. At the last follow-up, 29 months after the surgery,
the patient was neurologically intact without pain and the
Cobb angle measured from the superior end plate of T12 to
the inferior end plate of L2 had reduced from 20° to 16°.
Figure 3d demonstrates the cosmetic benefit of using the
extreme lateral approach over the standard retroperitoneal
access to decompress and reconstruct the thoracic spine.
In both cases, complete decompression of the spinal canal
was achieved with correction of the kyphotic deformity.
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Discussion

Surgical approaches for treating unstable thoracolumbar
burst fractures can be broadly categorized as anterior,
posterior, or combined approaches. Surgical intent includes
decompression of neural elements, restoration of vertebral
alignment, correction and prevention of kyphotic defor-
mity, and rigid fixation to promote arthrodesis [1, 4]. We
describe a minimally invasive extreme lateral approach
with distinct advantages over traditional open, anterior/
anterolateral approaches.

The first widely used instrumentation for posterior sta-
bilization of thoracolumbar burst fractures was the Har-
rington distraction rod system, popularized in the 1970s.
The Cotrel-Dubousset hook/rod system, modified with
additional hook fixation sites to improve stiffness, was
subsequently shown to create a 93 % fusion rate in 48
thoracolumbar burst fractures after 21-month follow-up
[11]. The extent of segmental instrumentation required in
hook-rod constructs to three levels cephalad and two levels
caudad to the fracture increases the stability of the con-
struct but significantly limits the spinal motion. More re-
cently, pedicle screw instrumentation has gained popularity
in treating thoracolumbar burst fractures, allowing for rigid
3-column fixation over a shorter fusion segment [12-14].
However, short-segment posterior fusion carries an in-
creased risk of post-traumatic kyphotic deformity com-
pared to long-segment instrumentation [15].

Inherently, posterior approaches enable limited direct
visualization during decompression of the spinal canal.
Anterior decompression is thus a valuable tool when de-
compressing thoracolumbar burst fractures with significant
canal compromise. Additionally, anterior fusion provides
improved stabilization against the progression of kyphotic
deformity.

An anterolateral approach to the thoracolumbar spine
was first described in the 1950s by Hodgson and Stock
[16], for the purpose of draining tuberculous abscesses.
Bohlman [17] popularized the retroperitoneal approach to
perform anterior decompression of the spinal canal in
thoracolumbar burst fractures. Acute stabilization of tho-
racolumbar burst fractures was achieved by anterior in-
strumentation devices by Dunn and Kostuick-Harrington,
although hardware failure occurred in greater than 10 % of
cases [18, 19].

To access the anterior thoracolumbar spine from T12 to
L2, the conventional open approach consists of a lateral
incision over the ribs and dissection of muscular layers
until exposure of the peritoneum is achieved, followed by
mobilization of the diaphragm and retraction of lung
parenchyma to access the retroperitoneal space [20, 21].
This approach commonly requires insertion of a chest tube
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until the pleural effusion resulting from diaphragmatic
dissection has drained. Complications specific to anterior
spine surgery include aortic laceration (0.08 %), pneu-
mothorax (1.8 %), and post-thoracotomy pain syndrome
persisting for greater than 6 months (9 %) [6].

Anterior approaches for vertebrectomy and arthrodesis
via laparoscopic and video-assisted thoracoscopic tech-
niques has been well-described in the literature [7, 22-25].
These approaches to the anterior thoracolumbar spine have
been shown to result in shorter hospitalizations when
compared to open approaches [23, 26].

The extreme lateral transpsoas approach has been pre-
viously described for the treatment of degenerative thora-
columbar disease [9]. It is a minimally invasive approach
that utilizes sequential dilation with EMG neuromonitoring
to place an expandable tubular retractor. It provides the
additional benefit of minimizing dissection of the great
vessels and the sympathetic plexus, thus reducing the risk
of vascular injury and retrograde ejaculation [17]. Its use in
the treatment of traumatic thoracolumbar burst fractures
has been sparsely reported in the literature. Through a
small corridor, corpectomy can be performed at most levels
from T12 to L4 allowing for decompression, correction of
deformity, and fusion.

We present a technical report of two cases in which a
minimally invasive extreme lateral approach was utilized
for corpectomy, decompression of the spinal canal, place-
ment of an interbody cage with correction of kyphotic
deformity, and lateral plate and screw stabilization. In both
cases, adequate visualization was achieved through a 4-cm
incision and the expandable retractor in both rostral and
caudal directions. Similarly, adequate decompression and
visualization of the spinal canal and dura were achieved
without sequelae to vascular or neural tissue. Placement of
the interbody expandable cage and lateral plate and screws
was also successfully performed through the confines of the
expandable retractor. No further incisions were necessary.
Patients were spared the morbidity of an open retroperi-
toneal exposure and associated risk of denervation of the
abdominal musculature and the cosmetic blemish is mini-
mal (Fig. 3d).

Neither patient suffered any intra- or peri-operative
complications. Neither patient required placement of a
chest tube nor suffered a postoperative pneumothorax.
Both patients had transitory hip flexion weakness (4/5
strength) postoperatively related to the transpsoas ap-
proach, which resolved prior to discharge.

The minimally invasive lateral transpsoas approach has
previously been described for the treatment of degen-
erative thoracolumbar disease and of scoliotic deformity.
Our experience additionally illustrates its utility as a
valuable tool in the anterior decompression and stabi-
lization of acute thoracolumbar burst fractures. The

associated incision and tissue morbidity, recovery time,
and length of stay appear to be reduced when utilizing this
approach.

Conclusion

The minimally invasive extreme lateral approach for de-
compression and stabilization of acute burst fractures of the
thoracolumbar spine is an effective treatment. Additional
experience and long-term follow-up will be necessary to
evaluate this approach further.
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