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Abstract
Context: Thoracolumbar injuries are common manifestations of spinal trauma. While non-operative therapy is indicated in certain cases of isolated injury, operative therapy via open approaches are widely utilized. Recently, minimally invasive surgical (MIS)
approaches have been adapted for the management of thoracolumbar trauma in an effort to avoid the operative morbidity of open
thoracolumbar procedures.
Purpose: The purpose of this review is to perform a critical analysis of the literature regarding the clinical efficacy and safety of MIS
procedures in the management of thoracolumbar trauma.
Evidence Acquisition: PubMed and MEDLINE databases were searched for articles published on the topic of MIS treatment of traumatic thoracolumbar injuries. Studies included in this review were comprised of clinical case series, retrospective cohort studies,
non-randomized prospective cohort studies, prospective randomized controlled trials, and meta-analyses.
Results: The majority of published studies were retrospective clinical case series comprising level IV evidence. The majority of studies demonstrated the viability of MIS approaches as a treatment modality for thoracolumbar trauma in regards to clinical outcomes,
radiographic outcomes, and complication rates. Additionally, MIS procedures were associated with reductions in operative time,
intraoperative blood loss, and immediate postoperative pain.
Conclusions: MIS approaches to thoracolumbar trauma are viable treatment strategies in regards to clinical efficacy and safety.
While the results for MIS procedures are promising, more high-quality prospective studies are necessary in order to make definitive
conclusions regarding the superiority of MIS over open surgical strategies.
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1. Context
Thoracolumbar injuries are common in the setting of
trauma, with a reported annual incidence approaching 64
per 100,000 people in the United States (1). Of all trauma resulting in spinal injuries, involvement of the thoracolumbar region occurs in 72.5% - 90% of cases (1, 2). These injuries are often a result of acceleration-deceleration forces,
which commonly exist in motor vehicle accidents and
falls (2, 3). The high-energy nature of these accelerationdeceleration injuries often leads to significant associated
morbidity, with up to 30% of patients with thoracolumbar trauma also presenting with additional intraabdominal soft tissue or hollow viscus injury (4).
Management strategies for traumatic thoracolumbar
injuries are dependent upon the type and severity of the
presenting injury. While non-operative therapy with orthoses and casting is an option in cases of isolated injury
with intact neurologic function (5-10), operative therapy is
an increasingly popular strategy. This is especially true in

cases involving burst fractures, translation/rotation fractures, distraction injuries, injuries with involvement of
the posterior ligamentous complex, or injuries with associated neurologic deficits (11). Furthermore, operative therapy is frequently utilized in the setting of polytrauma or in
instances where the patient cannot tolerate long-term orthoses and casting (10).
Historically, open procedures have been the mainstay of operative therapy for traumatic thoracolumbar injuries (12-14). Depending on the type and morphology
of the injury, a variety of approaches can be utilized.
The posterior approach involves pedicle screw fixation
with or without vertebral body augmentation via vertebroplasty/kyphoplasty (12-14). On the other hand, the anterior
approach allows for direct access to the vertebral body and
spinal canal for reconstruction via interbody fusion or corpectomy (12-14). The anterior and posterior approaches can
be jointly utilized in select cases. While many previous
studies have demonstrated adequate outcomes after these
procedures, the invasiveness of these approaches is associ-
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ated with significant operative morbidity and prolonged
inpatient recovery times.
Minimally invasive surgical (MIS) techniques have
been developed and utilized for spinal procedures. Various studies investigating the use of MIS techniques for elective spinal decompression and fusion have demonstrated
decreases in intraoperative blood loss, postoperative pain,
reduced time to ambulation, and shorter lengths of hospital stay when compared to conventional open surgery. MIS
approaches have also been adapted for use in the setting of
traumatic thoracolumbar injuries. In this context, the purpose of this review is to summarize and perform a critical
analysis of the literature regarding the clinical efficacy and
safety of MIS procedures in the management of traumatic
thoracolumbar injuries.

2. Evidence Acquisition
A literature search was performed using the PubMed
and MEDLINE databases to identify publications on the use
of MIS techniques in the management of thoracolumbar
trauma published by November 2016. Only articles published in English with full-text availability were used in
this review. Additionally, hand checks of reference lists
were performed to assure the adequacy of the literature included in this review.
Studies that were included in this review were comprised of clinical case series, retrospective cohort studies,
non-randomized prospective cohort studies, prospective
randomized controlled trials, and meta-analyses. Biomechanical studies, single case reports, and other reviews
without a concomitant meta-analysis were excluded from
this review. Studies that did not present clinical data or did
not present clinical follow-up findings were also excluded
from this review.

3. Results
3.1. Percutaneous Pedicle Screw Fixation
Percutaneous pedicle screw fixation (PPSI) has been
utilized to provide immediate stabilization and adequate
reduction in cases of thoracolumbar trauma (15-24). PPSI
without anterior reconstruction or augmentation is primarily utilized in AO type A1 (wedge-compression) and A2
(split) fractures without posterior vertebral wall involvement or significant vertebral body comminution (25).
While many clinical case series and retrospective studies have detailed the clinical and radiographic efficacy
of PPSI, only a few studies have presented high-level evidence from prospective investigations. Jiang et al. undertook such a prospective, randomized controlled trial
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(RCT) of 61 patients with single-level thoracolumbar burst
fractures without neurologic deficit (20). In this study,
30 patients were randomized to a paraspinal fixation approach while 31 patients were randomized to fixation via
PPSI. The patients treated percutaneously demonstrated
significantly lower intraoperative blood loss and shorter
operative times compared to the paraspinal approach. At 3month follow-up, the percutaneous group had less pain as
evidenced by lower visual analogue scale (VAS) pain scores
and better functional recovery as evidenced by higher
oswestry disability index (ODI) scores. Radiographically,
however, the paraspinal approach demonstrated better
kyphotic correction and restoration of vertebral height immediately after surgery, especially in patients without successful postural reduction from the procedure. Despite
this, both groups had statistically similar long-term clinical outcomes at follow-up periods of greater than 1 year.
Lyu et al. performed a prospective RCT in which 90 patients with single-level thoracolumbar fractures without
neurological deficits were treated with one of three fixation techniques: three-level percutaneous fixation (group
A), two-level percutaneous fixation (group B), or three-level
open fixation (group C) (21). The patient sample consisted
of 30 patients randomized to one of the three groups.
Groups receiving percutaneous fixation exhibited shorter
operative times than the open fixation group, with the
short-segment two-level percutaneous group having the
shortest operative duration. In comparing the three-level
percutaneous and open fixation groups, the percutaneous
group had significantly reduced intraoperative blood loss
and reduced postoperative pain at 3-month follow-up. At
an average follow-up of 17.7 months, all groups demonstrated similar radiographic outcomes in terms of Cobb
angle and anterior height ratio correction.
Grossbach et al.
performed a prospective, nonrandomized study of 38 patients with flexion-distraction
injury treated either with open fixation and fusion or
PPSI (18). Similar to the findings exhibited by the previously mentioned studies, the PPSI group trended towards shorter operative times and had significantly lower
average intraoperative blood loss. These findings were
replicated by Vanek et al., who performed a prospective,
non-randomized study of 35 patients with burst fractures
treated either with open surgical fusion or PPSI (25). In addition, Vanek et al. also determined that postoperative VAS
pain scores over the first 7 postoperative days were lower
in the PPSI group. Long-term follow-up at 2 years postoperatively demonstrated that patient satisfaction rates were
similar in the open and PPSI groups.
Complications after PPSI have also been a topic of study
within the literature, with a reported incidence in up to
12% of cases (15, 17, 18, 20-23). The most commonly reported
J Orthop Spine Trauma. 2016; 2(3):e10129.
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complications involve screw misplacement, screw loosening, and subsequent removal of instrumentation. In regards to instrumentation, the previously mentioned study
by Jiang et al. noted that paraspinal and PPSI approaches
had statistically similar rates of screw misplacement (20).
Vanek et al. demonstrated similar findings, while also noting that the majority of cases of screw misplacement were
clinically asymptomatic (25). In regards to medical and
neurologic complications, isolated incidences of complications such as wound infection and cauda equina syndrome have been described in the literature. Gasbarrini
et al. reported 1 case of cauda equina syndrome, 1 case of
wound infection, and 1 case of non-union in a cohort of 101
patients treated with PPSI for thoracolumbar fractures (17).
Cappucio et al. provided the most comprehensive evaluation of complications after PPSI in a study of 99 patients
treated for 176 vertebral fractures (15). In this cohort, medical and neurologic complications included 1 case of cauda
equina syndrome requiring urgent surgical revision, 1 case
of wound infection with dehiscence that required surgical debridement with implant removal, and 1 case of nonunion which required anterior thoracoscopic fusion.
3.2. Percutaneous Vertebral Augmentation
While short-segment pedicle screw instrumentation
(SSPI) remains the most utilized treatment modality for
thoracolumbar trauma, concerns exist over its efficacy in
the setting of injuries with anterior column instability and
comminution (26-28). In these cases, pedicle screw fixation alone may not provide adequate anterior support and
points of fixation (27). In these instances, treatment strategies combining percutaneous vertebroplasty/kyphoplasty
along with short-segment pedicle screw fixation have been
developed.
While many studies have described the efficacy of this
combined approach (26-36), the majority of publications
consist of level IV evidence from clinical case series. In
terms of clinical outcomes, Zairi et al. assessed 41 patients
with single-level thoracolumbar fractures and determined
that percutaneous kyphoplasty and short-segment pedicle
screw instrumentation led to significant improvements in
pain at 15 months postoperatively (36). Radiographically,
parameters including vertebral kyphosis, local kyphosis,
and percentage of vertebral body collapse were all significantly improved at last follow-up. Koroveiss et al. demonstrated similar clinical and radiographic findings in a population of 18 patients undergoing percutaneous kyphoplasty and SSPI for single-level burst or compression fractures (27). The authors also determined that all patients
had significant improvement in physical and neurologic
function, with all participants demonstrating normal senJ Orthop Spine Trauma. 2016; 2(3):e10129.

sory and motor capabilities based on the American spinal
injury association (ASIA) scale postoperatively.
The use of percutaneous vertebroplasty and kyphoplasty, with or without short-segment pedicle screw instrumentation, is not devoid of complications. The most commonly reported complication is cement extrusion, which
in serious cases can lead to spinal cord compression or pulmonary embolism. In the studies included in this review,
the rate of cement leakage ranged from 11.1% - 96.2% (2636). However, in the vast majority of cases the leakages
were determined to be asymptomatic and required no further intervention. Symptomatic cement leakages were described by Chen et al., who noted 1 case of cement embolism that produced a mild cough without dyspnea that
eventually self-resolved (32). Rahamimov et al., in a cohort
of 40 patients undergoing treatment for thoracolumbar
burst fractures, described 3 cases of cement emboli to the
pulmonary artery via the inferior vena cava and segmental
veins (34).
Novel methods of vertebral augmentation involving
the implantation of intracorporeal devices have been a recent topic of interest within the literature (37, 38). Intracorporeal devices have the proposed advantage of preventing leakage-associated complications due to the minimization of cement introduced into the vertebral body. Furthermore, the internal structural support provided by these devices has also been proposed to prevent long-term loss of
vertebral body height correction. Ender et al., in a study
of 15 patients with incomplete burst fractures, demonstrated that implantation of cement-augmented titanium
mesh cages led to improvements in VAS pain scores, ODI
scores, and kyphotic angle at 12 months postoperatively
(38). Most importantly, the authors noted that no cementrelated complications occurred in their series. Takami et
al. performed a similar study, utilizing vertebral augmentation via hydroxyapatite blocks in 21 patients with thoracolumbar burst fractures (37). Similar improvements
in pain scores and radiographic kyphotic angles were
demonstrated. Anterior vertebral body height was also significantly restored, with no significant loss of correction at
a mean follow-up of 21.9 months. While these novel methods have demonstrated promising early outcomes, more
investigation is required to determine their true efficacy.
3.3. Anterior Reconstruction with Thoracoscopic/Endoscopic or
Extreme Lateral Approaches
Anterior approaches involving vertebral body reconstruction are indicated in cases of combined anterior and
posterior injury, or in instances where spinal column injury presents with concurrent neurologic deficits (39-47).
Anterior approaches allow for direct visualization of the
anterior spinal column with direct access to the spinal
3
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canal. Minimally invasive anterior approaches, such as
those involving endoscopy or thoracoscopy, are proposed
to prevent the high morbidity typically associated with
open anterior approaches. Kim et al. described a case
series of 212 patients with unstable thoracolumbar fractures with or without neurologic deficits (41). The surgical approach used in this study was a four-portal thoracoscopic, transdiaphragmatic anterior reconstruction with
possible posterior pedicle screw instrumentation. Anterior reconstruction was performed with lateral plating and
either local bone graft or expandable cages. Postoperatively, 34% of patients with neurologic deficits improved
according to Frankel grade, with no occurrence of new
deficits. At 1-year follow-up, radiographic fusion was observed in 85% - 90% of cases. The overall complication
rate was 11.7%, with an approach-related complication rate
of 5.6%. Approach-related complications included pleural
effusion, pneumothorax, intercostal neuralgia, and transient L1 sensory deficit.
Ringel et al. performed a similar study in 83 patients
with unstable thoracolumbar fracture managed with 3 4 portal thoracoscopic/endoscopic techniques (44). Anterior reconstruction consisted of monosegmental interbody fusion, partial corpectomy, or complete vertebral
body replacement depending on the clinical indication
of the procedure. Clinically, 19% of patients with injuryrelated neurologic deficit improved postoperatively. Average postoperative kyphotic correction was 9°, with a 6°
loss of correction at an average follow-up of 23 months. At
last follow-up, fusion rates were 87%. In regards to complications, the conversion rate to open procedures was 6%.
3.6% of patients experienced approach-related complications, including insufficient pulmonary function, pleural
empyema, and one case of extended ventilation.
Mini-open and MIS lateral approaches, originally developed for the elective management of degenerative
pathologies, are also being increasingly utilized for anterior column reconstruction in cases of thoracolumbar
trauma. Similar to endoscopic/thoracoscopic approaches,
the proposed advantages of lateral approaches stem from
their decreased invasiveness compared to conventional
open procedures. Smith et al. performed one of the earliest
investigations of a mini-open lateral approach in a cohort
of 52 patients with acute, traumatic, unstable thoracolumbar fractures (46). Patients underwent lateral corpectomy
with implantation of an expandable titanium cage and
either supplemental anterior or posterior fixation. Postoperatively, neurologic impairment as measured by ASIA
scores was improved at 24-month follow-up. Additionally,
no cases of neurologic deterioration were encountered.
The complication rate was 15.4%, with reported complications including incidental durotomy, intercostal neural4

gia, deep vein thrombosis, pleural effusion, and superficial
posterior infection. Mild cage subsidence was seen in 13.5%
of patients; however, only 1 patient developed pain which
required a revision procedure.
Li et al. also reported on the utilization of an MIS lateral approach, with an additional comparison to an open
approach cohort (42). 30 patients with three-column thoracolumbar fractures and subsequent neurologic deficits
were managed; 12 via MIS lateral lumbar interbody fusion
(LLIF) and 18 via the traditional open procedure. Patients in
the MIS LLIF cohort had significantly lower operative times
and intraoperative blood loss, while both cohorts demonstrated statistically similar improvements in neurologic
function postoperatively. At an average follow-up of 12.75 14.8 months, both groups had equivalent radiographic outcomes as evidenced by Cobb angle correction. The MIS LLIF
cohort also had a decreased overall complication rate (8.3%
vs. 33%) and decreased major complication rate compared
to the open cohort, but this result did not reach statistical
significance.
4. Conclusions
Spinal injuries are common in the setting of trauma,
with thoracolumbar injuries representing the majority of
cases (1, 2). In cases where surgical management is required, traditional open procedures are still widely used.
However, a variety of minimally invasive approaches have
been adapted to traumatic settings with the intention
of reducing the operative morbidity associated with conventional techniques. The purpose of this review was to
critically summarize the literature regarding the utilization of MIS approaches in managing thoracolumbar spinal
trauma.
Review of the current literature suggests that minimally invasive approaches are an effective and viable
strategy in the treatment of thoracolumbar trauma. The
reviewed literature is consistent in demonstrating that
MIS approaches are associated with reduced operative
times, reduced intraoperative blood loss, and improvement in the level of immediate postoperative pain. In
regards to long-term outcomes, the majority of reviewed
studies demonstrate that MIS approaches offer significant postoperative pain reduction, disability improvement, and restoration of radiographic alignment parameters. Complication rates as presented in the reviewed
studies are also acceptable. In MIS approaches, however,
special concern must be paid to approach-specific complications such as cement leakage in percutaneous vertebroplasty/kyphoplasty (26-36), pulmonary complications
in thoracoscopic/endoscopic approaches (41, 45, 46), and
psoas muscle pathology in lateral approaches (39, 42, 47).
J Orthop Spine Trauma. 2016; 2(3):e10129.
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Table 1. Summary of Select Studies for Various MIS Modalities Utilized for the Management of Thoracolumbar Trauma

Author

Year

Evidence
Level

Operative Modality

Sample Size (n)

Follow-Up,
Mo

Primary Findings

Percutaneous treatment had shorter operative time, less
intraoperative blood loss, better pain and disability scores at
3-months postoperatively
Jiang et al.

2012

I

PPSI, Paraspinal

31 PPSI 30, Paraspinal

58.3 - 59.0
Paraspinal approach had better kyphotic correction and
restoration of vertebral height
Percutaneous groups had shorter operative times, reduced
intraoperative blood loss, reduced pain

Lyu et al.

2016

I

PPI, Open Fixation

60 PPSI, 30 Open

17.7
Similar improvement in Cobb angle and anterior height ratio
correction between groups

Grossbach et al.

2013

II

PPSI, Open fixation

11 PPSI, 27 Open

9.0 - 18.5

Vanek et al.

2014

II

PPSI, Open fixation

18 PPSI, 19 Open

24.0

Trend towards shorter operative time and lower average
intraoperative blood loss in PPSI group
Lower postoperative VAS scores at 7 days in PPSI group
Similar patient satisfaction rate between groups
Significant improvements in postoperative pain

Zairi et al.

2014

IV

Percutaneous KP and PPSI

41

15.0

Koroveiss et al.

2008

IV

Percutaneous KP and PPSI

18

22.0

Kim et al.

2004

IV

Thoracoscopic, Reconstruction

212

46.8

Significant improvement in radiographic alignment parameters
Significant improvements in physical and neurologic function,
all participants had normal sensory and motor function
postoperatively
34% of patients with neurologic deficits improved
postoperatively
Fusion observed in 85% - 90% of cases
19% of patients with neurologic deficits improved postoperatively
Ringel et al.

2008

IV

Thoracoscopic/Endoscopic,
Reconstruction

83

23.0

Smith et al.

2010

IV

Lateral Reconstruction

52

24.0

Li et al.

2015

II

Lateral Reconstruction, Open
Reconstruction

12 lateral, 18 open

12.7 - 14.8

Average kyphotic correction 9°, 6° loss of correction
Fusion rate 87%
Neurologic impairment improved, no additional cases of
neurologic deterioration
Lateral cohort had reduced operative time and blood loss
Similar improvements in neurologic function and Cobb angle
correction in both groups

Abbreviations: KP, Kyphoplasty; PPSI, Percutaneous Pedicle Screw Instrumentation.

Indications for the utilization of particular MIS procedures are based primarily on injury morphology and the
presence of associated neurologic deficits. Furthermore,
indications and patterns of utilization are also driven
by the types of cases described in large case series and
prospective clinical trials. In these studies, indications are
often presented in the context of the AO thoracolumbar
spine injury classification system (48). As evidenced by
the reviewed literature, indications for percutaneous pedicle screw fixation include AO type A1 (wedge-compression)
and type A2 (split) fractures without involvement of the
posterior vertebral wall or significant comminution. Furthermore, additional criteria include spinal canal narrowing less than 50% and angular kyphosis greater than 15°
(24). Vertebral augmentation via percutaneous vertebroplasty/kyphoplasty is combined with PPSI in cases displaying significant anterior instability or marked vertebral
body comminution. For MIS anterior reconstructive techniques, morphological indications include anterior-only
AO type A fractures, along with AO type B distraction and
type C translational injuries that involve the anterior and
posterior vertebral elements. Furthermore, injury of any
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morphologic type presenting with neurologic deficits is
typically an indication for MIS anterior reconstruction. In
these cases, reconstructive approaches aid in spinal canal
decompression by allowing for improved access to the anterior vertebral elements and spinal canal.
One barrier to more widespread adoption of MIS procedures for the treatment of thoracolumbar trauma is the
learning curve, which is perceived to be associated with increased morbidity and reduced efficacy during the initial
cases in a surgeon’s practice. Few studies have been developed to examine the learning curve in trauma-specific populations; however, evidence from the literature regarding
populations with degenerative or mixed pathology are still
valuable (49, 50). These studies have indicated that the initial period of cases comprising the learning curve of MIS
approaches is safe. Ng et al., in a study of the first 32 patients in their practice undergoing fusion via a minimallyinvasive lateral approach, demonstrated a significant reduction in operative time after the 22nd case (50). However,
the authors demonstrated that early and late cases had
no significant differences in radiation exposure, length of
stay, postoperative narcotic usage, and overall clinical out5

S. Narain A et al.

comes. Similarly, Al-Sayyad et al., in a study of the first 70
patients undergoing thoracoscopic spine surgery in their
practice, noted the incidence of only 3 approach-related
complications with no long-term consequences (49). Furthermore, patient satisfaction rates were high over this initial period of cases, with 71% of patients reporting they
would have the procedure performed again if necessary. In
the context of MIS management of thoracolumbar trauma,
further research is necessary to assess the learning curve in
trauma-specific populations rather than the mixed populations included in the aforementioned studies.
Another barrier to adoption of MIS procedures is the
lack of high-quality, prospective, level I and II studies on
the topic. The majority of studies identified for inclusion
in this review consisted of retrospective case series and
other level IV evidence. This is especially true in regards
to newer techniques such as endoscopic/thoracoscopic
spinal surgery and lateral access approaches. While these
case series provide valuable data points, conduct of more
prospective RCTs on the topic of MIS treatment of thoracolumbar trauma is necessary to provide the greatest opportunity to meaningfully influence clinical practice patterns.
This review is not without limitations. First, biomechanical and cadaveric studies were not included in this
analysis. While these studies represent a significant portion of the literature regarding MIS approaches, the focus
of this review was clinical and radiographic findings in surgically treated patients. Second, there were differing practices within each study regarding the timing of surgery
and the staging of anterior-posterior procedures. These
differences limit the ability to compare studies, even those
regarding the same surgical approaches. Similarly, there
were differing criteria in each study regarding followup periods, clinical parameters, radiographic parameters,
and patient-reported outcome measures utilized. While
these limitations may hinder the comparative ability of
this review, they are not unique to this investigation and
are an aspect of all literature reviews.
This review suggests that MIS approaches to thoracolumbar trauma are a viable treatment modality in
the context of improved clinical outcomes, adequate
deformity correction, and acceptable complication profiles. Indications for certain MIS techniques are based
on the morphological characteristics of the injury along
with the presence or absence of neurologic deficits.
While percutaneous pedicle screw fixation and vertebroplasty/kyphoplasty can be utilized for injuries involving
the anterior column, anterior reconstruction is necessary
for injuries involving combined anterior-posterior column injury or those injuries with neurologic deficits. Significant barriers to the adoption of MIS techniques include
6

the learning curve and relative lack of high-level prospective studies on the topic. More level I and II studies investigating the efficacy of MIS approaches in traumatic settings are necessary to increase the utilization of these approaches.
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