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LEARNING OBJECTIVES: After participating 
in this CME activity, the spine surgeon should 
be better able to:
1. Evaluate indications for minimally inva-

sive surgery of the thoracic spine.
2. Describe the benefits of minimally inva-

sive surgery for the thoracic spine.
3. Explain how to incorporate minimally 

invasive surgery for the thoracic spine 
into practice.
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S pine surgery is a continually evolv-
ing surgical subspecialty. In the 
1990s, the philosophy of minimiz-

ing risk while maximizing efficiency gave 
rise to minimally invasive surgery (MIS), 
which employs smaller incisions and mus-
cle-spreading techniques to maintain the 
integrity of the overlying muscular appa-
ratus, while still providing enough access 
to the underlying structures of interest. 
The nuance of preserving tissue while 
maintaining visibility of the target has 
been the focus of collective efforts to 
improve MIS.

There has been an exponential 
upsurge of clinical evidence in the recent 
literature documenting the benefits of 
MIS over conventional open surgery with 
over 500 publications in 2018 alone—
including improved outcomes and 
decreased complications after cases of 
trauma, malignancy, deformity, etc.1 
Some of the most commonly used MIS 
techniques for addressing various spinal 
pathologies include discectomy, verte-
brectomy, neurolysis, tumor resection, 
and reduction maneuvers.2 As MIS tech-
niques are continually expanded and 
refined, this particular scope of practice 
within spine surgery has seen a rise in 
popularity, backed by an overwhelming 
clinical advantage to conventional surgi-

cal alternatives in a particular set of 
circumstances.

The goal of this review is to outline 
how MIS has shown great promise in 
improving the treatment of certain disor-
ders of the thoracic spine. By the end of 
this article, the reader should be able to 
evaluate when MIS for the thoracic spine 
is appropriate, appreciate the benefits of 
MIS for the thoracic spine, and under-
stand how to incorporate MIS for the 
thoracic spine into their practice.

FUSION AND FIXATION
Spinal fusion is one of the most com-

mon procedures performed due to the 
array of indications. Various degrees of 
deformity, degeneration, tumor, infection, 
or trauma can all contribute to instability 
and weakness of the thoracic spine. 
Instability of the spine can also be the 
product of prior procedures, such as cor-
pectomy or tumor resection. By fusing 
and stabilizing the thoracic spine in these 
scenarios, pain relief can be swift and 
effective. However, conventional open 
procedures are often accompanied by 
approach-related morbidity, which is why 
MIS has become indispensable.

Pedicle screws, hooks, and cages are 
commonly used instrumentation to stabilize 
the thoracic spine. They increase the 
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rigidity of the thoracic spine, aiding in suc-
cessful spinal fusion. With traditional open 
thoracic posterolateral spinal fusion pro-
cedures, a midline incision is made and 
the dissection is carried down to the spinal 
column exposing the pedicles bilaterally 
for all levels to be fused. Although this 
allows for direct visualization of the pedi-
cle screw during placement, it often 
results in considerable blood loss, muscu-
lar denervation, and postoperative pain. 
Minimally invasive transmuscular pedicle 
screw fixation of the thoracic spine has 
been found to be feasible with the use of 
standard equipment.3 Minimally invasive 
stabilization of the thoracic spine may also 
be achieved through percutaneous trans-
pedicular fixation,4 which can be attained 
without the customized instruments and 
navigation systems of other MIS 
techniques.

Although technically challenging and 
potentially intimidating to the inexperi-
enced surgeon, percutaneous techniques 
have several potential benefits, including 
reduced soft tissue injury, postoperative 
complications, length of stay, and time to 
return to work. With percutaneous inser-
tion, a small skin incision is made lateral 
to the pedicle and a Jamshidi needle is 
inserted through the incision and 
advanced anteromedially down to the lat-
eral border of the pedicle under image 
guidance. The needle is then advanced 
into the pedicle, with considerable care 

taken to avoid the medial pedicle wall, as 
violation of the medial cortex puts the 
patient at considerably greater risk of 
neurologic injury. Once the needle is 
within the vertebral body, a Kirschner 
wire can be passed down the needle to 
serve as a guidewire for the insertion of a 
cannulated pedicle screw.5 After all pedi-
cle screws have been placed, reduction 
can be performed and the rod is inserted, 
often without the need for an additional 
incision.6 Tubular retractors attached to 
tulip of each screw allow for adequate 
visualization of the screw head during rod 
and set-screw insertion. Indications for 
percutaneous pedicle screw fixation have 
expanded and now include degenerative 
disease, trauma, neoplasm, and revision 
procedures.6 The importance of develop-
ing MIS techniques that do not require 
customized equipment is paramount. It is 
this advance that will enable providers, 
regardless of economic or technical con-
straints, the ability to perform these 
surgeries.

Similar to spinal fixation, fusion of 
thoracic vertebrae has shifted toward min-
imally invasive approaches. As the focus 
began to shift away from conventional 
open approaches, thoracoscopic and video-
assisted thoracoscopic surgery became 
the mainstay of many practices. As with 
any anterior approach to the thoracic 
spine, however, the risk of pulmonary 
involvement and other complications are a 
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serious concern.7 Hence, the need for an MIS posterior approach 
became apparent. There are a number of MIS posterior approach-
es that have been found to decrease the associated approach 
morbidities of conventional open thoracic fusion.

One of such procedures has been described by Abbasi and 
Abbasi.8 Through the use of biplanar fluoroscopic imaging and 
electrophysiological monitoring, an MIS direct thoracic inter-
body fusion (MIS-DTIF) was successfully accomplished on 6 
thoracic spinal levels among 4 patients, 2 of which were single-
level fusions, and the other 2 were two-level fusions. MIS pos-
terior pedicle screw fixation was placed through preformed 
muscle gaps, which allowed for a simpler alternative to the 
established MIS technique. In the 4 cases in this study, surgery 
time, blood loss, fluoroscopy time, complications, and patient-
reported pain were all lower in MIS-DTIF than what is cur-
rently reported in the literature for open fusion of the thoracic 
spine. Figure 1 displays a diagram that details landmarks used 
to guide skin incision. Figure 2 shows lateral fluoroscopic views 
at different steps during the fusion. Again, the alterations to 
current MIS techniques can and will continue to improve clini-
cal outcomes and decrease economic and technical burdens for 
providers.

CORPECTOMY
For nearly every clinical situation that calls for a corpec-

tomy, there are one or more MIS approaches that may be 
favored over a traditional open approach. One of these scenarios 
is for the repair of an acute traumatic thoracic fracture. 
Conventional treatment of these injuries, often approached 
through open thoracotomy, includes a wide array of morbidities, 
which have spurred the use of MIS procedures.

Smith et al9 conducted a prospective study of treating trau-
matic burst fractures with instability and neurologic deficit by 
mini-open lateral corpectomies. In these cases, a lateral trans-
pleural or retropleural approach was used along with sequential 
tube dilators and an expandable retractor to gain access to the 
anterior spinal column. The injuries ranged from T7 to L4 and 

clinical outcomes were based on treatment and in-hospital com-
plications. At 2-year follow-up, there were no reoperations 
necessary and no neurologic deterioration among any of the 
patients. Based on median operative time, estimated blood loss, 
hospital stay, and complication rates, the mini-open lateral 
approach for thoracic corpectomy was found to be a viable alter-
native for traumatic thoracic spine fractures. The mini-open 
approach also decreased the associated morbidities of thora-
cotomies and open posterior approaches. Additionally, MIS 
endoscopic techniques through a retroperitoneal route for 
thoracolumbar corpectomies were found to be feasible and pre-
ferred to the open alternative.10 By demonstrating the wide 
applications of minimally invasive corpectomies for the thoracic 
spine, their clinical efficacy has congruently been confirmed.

As the list of surgical indications that warrant an MIS 
approach grows, so does the number of MIS approaches. The 
past decade has seen immense refinement and amendment to 
the established minimally invasive techniques. These revisions 
served to both improve clinical outcomes and decrease proce-
dural complexities. With success comes community focus, 
which has prompted the development of guidelines for approach-
ing thoracic spine corpectomies. Namely, Ogden et al11 studied 
3 MIS approaches to the anterior thoracic spine to determine Fig. 1 MIS-DTIF diagram.

Fig. 2 Lateral fluoroscopic views during MIS-DTIF.
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which approach yielded the greatest decrease in operative mor-
bidities. It was found that not only is MIS thoracic corpectomy 
viable, a 6-cm approach off the midline is best. This approach 
was the least technically difficult and best suited for the length 
of conventional surgical equipment. The main boundary to the 
complete acceptance of MIS for the thoracic spine is the need 
for specialized training and instruments. By defining which 
approaches decrease this deterrent, MIS for the thoracic spine 
will face little reproach for its acceptance into practice.

METASTASES
Spinal metastases are a driving force behind the increased 

focus and demand on MIS for the thoracic spine. Patients pre-
senting with spinal metastases are at greater risk of complica-
tions and poor recovery. These patients are often immunocom-
promised, putting them at increased risk of surgical site infec-
tions. This vulnerability makes conventional surgical approach-
es tremendously risky and often ill advised. By decreasing inci-
sion length and soft tissue dissection through use of MIS 
approaches, this risk can be minimized and tumor resection in 
the thoracic spine can be more confidently and competently 
performed, improving patient prognosis in the process.

There are a number of emerging techniques for use of MIS 
in treatment of patients with thoracic spine tumors. The exact 
procedure performed depends on its anatomical location, its size, 
and the site of the primary tumor (Figure 2). Smith et al12 dis-
cussed the advances in treatment of thoracic spine tumors to 
include percutaneous techniques like vertebroplasty and kyphop-
lasty, spinal radiosurgery, and MIS spinal decompression. Each 
of these MIS techniques has the potential to improve clinical 
outcomes by decreasing surgical morbidity and increasing safety 
and efficiency of treatment pathways. By developing new MIS 
techniques, surgical treatment is now available to patients who 
were previously excluded because of morbidities associated with 
their metastases.

Patients requiring a corpectomy often present with signifi-
cant comorbidities that can increase the risk of complications. 
Indications of the procedures are often the result of metastases 
or trauma. The evolution of MIS has been imperative to the 
treatment of these cases, as conventional treatments often pose 
too large of a risk to these patients. Kim et al13 documented the 
use of expandable 22-mm diameter tubular retractor paramedi-
an incisions to access the vertebral bodies extrapleurally during 
posterolateral thoracic corpectomies. These complete corpecto-
mies were accomplished for 2 T6 burst fractures, a T4-T5 plas-
macytoma, and a T12 colon cancer metastasis using intraproce-
dural fluoroscopy. This MIS technique was successful in all 
4 clinical cases, as assessed by CT measurement of the degree 
of decompression. MIS decreased the tissue disruption associ-
ated with open thoracotomy and showed promising signs of 
decreasing associated complication rates.

As the viability of new MIS spinal tumor resection tech-
niques is developed, evidence shows that they significantly 
decrease the associated morbidities of conventional open proce-
dures. Namely, Uribe et al14 found that a mini-open lateral 

approach for thoracic tumor removal decreased frequency of 
complications and recovery time when compared with conven-
tional surgical treatments. Although this procedure was found 
effective for many thoracic spinal tumors, this mini-open lateral 
approach requires direct-visualization MIS retractors and 
proper training in MIS techniques. As discussed, the need for 
specialized equipment and training has led to resistance of 
incorporation of MIS nationally.

Nonetheless, integration of MIS into clinical practice is still 
favored, as the benefits far outweigh the limitations of certain 
procedures. Decreasing blood loss, hospitalization time, and 
disruption of local tissue are paramount in the treatment of 
thoracic spinal tumors. All of these clinical outcomes can be 
achieved through MIS techniques—even in complex cases of 
intradural-extramedullary neoplasms.15 Spinal tumors can 
cause immense pain from neural compression, making their 
resection or removal immensely beneficial for patient quality of 
life.

One common and often dangerous complication of spinal 
metastases is epidural spinal cord compression. There are a 
number of ways to approach resolving this complication. 
Taghva et al16 treated a 36-year-old man with metastatic adeno-
carcinoma of the lung with spinal cord compression at T4 and 
T5. Using MIS techniques, a vertebrectomy with expandable 
cage placement was performed and T1-T8 pedicle screw fixa-
tion and fusion. At 9-month follow-up, the patient remained 
neurologically intact and pain free with no hardware failure. 
This is one of many case reports citing MIS decompression as 
a viable treatment for a patient with metastatic epidural spinal 
cord compression. MIS has been demonstrated to decrease pain 
and neurologic deficit from thoracic spinal tumors while 
decreasing blood loss, operative time, and complication rates 
compared with conventional surgical treatment.17

MIS for the thoracic spine has enabled surgical treatment 
of thoracic spinal metastases that were previously deemed 
inoperable. By decreasing exposure, blood loss, and operative 
times, clinical outcomes have improved for these patients. As 
the documented efficacy of these procedures continues to grow, 
clinical research has channeled the development of more effi-
cient and applicable techniques. As these techniques are 
refined, many of the initial obstacles of MIS, such as specialized 
equipment and training, are being overcome.

IMAGING AND COMPUTER-ASSISTED NAVIGATION
One of the main challenges with MIS techniques for pedicle 

screw fixation is retaining adequate visualization of the target 
site and accurate placement of spinal instrumentation, all while 
trying to minimize skin incision length. This is of particular 
importance in the thoracic spine, where pedicle dimensions are 
substantially narrower than in the lumbar spine, and screw 
misplacement rates have been reported as high as 51%.18 
Several image-guided and navigation techniques have been 
developed to minimize screw misplacement despite limited 
direct visualization. One such technique for accomplishing this 
task is through fluoroscopy, which has proven effective for use 
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in countless other invasive procedures—including catheter 
insertion, stent placement, and so on—and, of course, is an 
essential component of modern-day pedicle screw placement in 
the spine. Fluoroscopy offers enhanced visualization of underly-
ing bone and surgical instrument positions, decreasing the need 
for direct visualization of the tissue. However, conventional 
fluoroscopic techniques require imaging in the anterior-posteri-
or and lateral views for each screw to confirm 3-dimensional 
orientation, subjecting patients and surgeons to harmful doses 
of radiation. Additionally, with this technique, overall accuracy 
of screw placement is only reported to be 68%.19 Even among 
experienced surgeons, pedicle screws are still misplaced medi-
ally in up to 5% of cases, increasing risk of iatrogenic neural 
element injury, and inferolaterally in 15% of cases with tradi-
tional fluoroscopy.20

In an effort to increase screw placement accuracy and fur-
ther reduce risk of complication, multiple computer-assisted 
navigation techniques have been explored. CT-based navigation 
was the first form of computer-assisted surgical navigation to 
be developed and explored in spinal surgery. This method has 
been shown to significantly increase the accuracy of pedicle 
screw placement, but never gained popularity, due to a number 
of drawbacks.21 First, it relies upon preoperative CT imaging for 
anatomical reference, which, while high-quality, is subject to 
potential error if patient position changes during the procedure. 
Second, it requires a preprocedural registration process that 
increases operative time and poses a substantial learning curve 
for the surgeon to accurately complete.21

To overcome the disadvantages of CT navigation, 2-dimen-
sional and 3-dimensional fluoroscopic navigation techniques 
have been developed, which have been shown to increase accu-
racy of screw placement to 84% and 96%, respectively.19 Two-
dimensional fluoroscopic guidance systems, commercially avail-
able since 2000, use images obtained from a conventional 
fluoroscope to map the patient’s spinal anatomy. Infrared light 
is then used to track the position of surgical instrumentation 
during the procedure, allowing the surgeon to visualize the 
instrument’s orientation in reference to the stored anatomical 
images. This technique reduces the total radiation exposure and 
potentially reduces operative time, while increasing accuracy.6

Three-dimensional fluoroscopic navigation requires the use 
of a specially designed fluoroscope to create multiplanar recon-
structions of spinal anatomy, similar to traditional CT imaging. 
This technique has been shown to provide excellent visualiza-
tion of 3-dimensional relationships, albeit of lower quality than 
CT imaging, with significantly increased accuracy over 2D 
fluoroscopy and decreased radiation exposure.22 Although the 
use of this modality comes at substantial direct cost, economic 
studies have demonstrated that the reduced need of perioperative 
imaging and postoperative complications result in this being the 
most cost-effective strategy.23

Through modification of established imaging techniques 
that have been used in medicine for decades, fluoroscopy and 
CT have been adapted to safely and effectively provide visualiza-
tion of the spine during MIS procedures. Adapting these 

modalities for the thoracic spine will greatly improve patient 
outcomes by decreasing radiation exposure and increasing pro-
cedural accuracy.

ROBOTIC-ASSISTED SURGERY
Although still a relatively new technology, robotic systems 

for spinal surgery have been available for over 10 years. Two 
robotic systems are currently FDA-approved that can assist 
with placement of spinal instrumentation, the Mazor and ROSA 
systems. Use of these robotic systems allows for MIS approach-
es, but like free-hand placement requires imaging for guidance. 
The Mazor system requires a preoperative CT along with intra-
operative fluoroscopy to guide screw trajectory. The ROSA 
system, however, uses instrument tracking through a mounted 
navigation camera and only requires intraoperative imaging, 
either CT or fluoroscopy. The Mazor robot is a miniature system 
that mounts to bone, whereas the ROSA consists of 2 mobile 
units that rest on the floor. Both systems use robotic arms with 
6 degrees of freedom.

There is a significant learning curve with use of either of 
these systems, with current studies suggesting a minimum of 
25 to 30 cases before surgical and fluoroscopy time begin to 
decrease and accuracy increase. Evidence is mixed regarding 
the impact these systems have on total radiation exposure, with 
some showing a significant benefit over both open robotic and 
free-hand placement, whereas others show fluoroscopy time to 
be greatest with the use of robotic placement in MIS approach-
es. All studies assessing accuracy of screw placement have 
demonstrated high accuracy rates with these systems and many 
show a significant benefit over free-hand placement.24 Although 
these systems greatly increase the direct cost of the procedure, 
a recent analysis suggest that when considering potential sav-
ings in reduced length of stay, infections, operative time, and 
need for revision surgery, robotically assisted MIS may be a 
cost-effective strategy in the treatment of spinal diseases.25 As 
this technology continues to develop, its clinical applications 
and benefits will likely expand and use of robotic systems may 
become more widely integrated into the practice of spinal sur-
geons.

COMPLICATIONS
There is a benefit to MIS when compared with conven-

tional open procedures; however, its acceptance into practice 
has been hampered by a few constraints. Sufficient tissue visu-
alization was an initial concern. In the process of overcoming 
this obstacle, most concerns stem from the complexity of the 
techniques, surgical instruments, and imaging modalities. 
Surgeons must perfect their understanding of 3-dimensional 
procedures through 2-dimensional video images. They must 
also cope with limited tactile feedback and small working chan-
nels to their target site. Although this does not hold true for all 
MIS for the thoracic spine, a large number do have a steep 
learning curve. Procedures, such as the widely popular mini-
open lateral approach to the thoracolumbar spine for corpecto-
my/fusion, have been deemed technically demanding and 
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require immense specialized training in procedural techniques 
and in equipment use.26 When preformed properly, this tech-
nique offers many advantages over conventional open proce-
dures; however, the complexity of the procedure has prevented 
its acceptance as the standard of care.

These complexities are continuously modified in an effort 
to create simplified alternatives. Oftentimes these simplifica-
tions enable the procedure to be performed using standard 
equipment. For instance, percutaneous internal pedicle screw 
fixation can be done using standard instruments for posterior 
stabilization of the thoracic spine.16 This provides the benefits 
of MIS without the customized instruments and navigational 
support. In addition, there are surgical technique alternations 
that have allowed surgeons to use microscopes and loupes to 
make MIS techniques more accessible to a wider range of 
surgeons.7

The complexities of the techniques and equipment associ-
ated with MIS are warranted reasons for their incomplete inte-
gration into national practice. However, the once-novel compli-
cation profiles of MIS are now better understood and the bene-
fits of MIS are well documented and vast. As MIS techniques 
are refined and simplified, more alternatives will be discovered, 
and use of MIS will increase.

ECONOMICS
Back pain is one of the most prevalent and expensive 

health conditions in the developed world. Accordingly, it is one 
of the most common presentations among patients and the third 
most common cause of surgical procedures in the United States. 
Although the lumbar spine takes most of the recognition for 
back procedures, degeneration of the thoracic spine is prevalent 
and painful. Its firm attachment to the ribcage can lead to wear 
and tear over time in an age-related manor. Herniated discs, 
bone spurs, and pinched nerves in the thoracic spine can all 
contribute to upper back pain. These disorders are extremely 
common and can be very costly to the patient financially, 
physically, and emotionally. The rate and price of treatments for 
these spinal conditions have increased extremely rapidly. The 
importance of lower costs and improving quality are not mutu-
ally exclusive, both rather extremely dependent on each other. 
Together, these 2 factors form the value of spine care. The cost 
and clinical outcome of a surgery must be measured during an 
adequate amount of time to gauge overall value of the surgery.27 
This value-based spine care will give patients a better indication 
of whether spine surgery is right for them.

As clinical outcomes improve, economic burdens decrease. 
MIS spinal procedures result in less blood loss, shorter hospital 
stays, lower complication rates, and lower numbers of residual 
events. All of these factors contribute to decreased hospital 
operating costs compared with those seen with conventional 
open procedures.28 Additionally, rates of surgical site infections 
are far lower in patients who receive MIS as compared with 
conventional open surgery.7 Surgical site infections lead to 
longer and costlier hospitalizations. Patients with surgical site 
infections are twice as likely to die and 5 times more likely to 

be readmitted.29 The economic burden for the patient and the 
hospital is greatly decreased by MIS when compared with open 
procedures.

CONCLUSION
The advent of MIS revolutionized the way that spinal sur-

gery is approached. Initially, most of the research and proce-
dures focused on the lumbar spine; however, during the past 
decade these MIS techniques have expanded to use in the tho-
racic spine. These techniques have enabled surgical treatment 
of previously inoperable situations, namely, presentations with 
substantial comorbidities.

MIS for the thoracic spine provides better clinical outcomes 
by decreasing intraoperative blood loss, shortening hospital 
stays, decreasing infection rates and operative time, and mini-
mizing damage to surrounding tissue. There is extensive 
research supporting MIS techniques for corpectomies, metasta-
ses, and spinal stabilizations. Novel technologies, such comput-
er-assisted navigation and robotic surgery, have allowed tradi-
tionally open procedures to be safely performed with minimal 
incisions and soft tissue dissection. However, the steep learning 
curve of these procedures and specialized equipment has pre-
sented opposition to its complete acceptance into practice. 
Overall, the value of spinal surgery, economically and clinically, 
has greatly increased from the introduction of MIS.

After reading this article, readers should be able to evalu-
ate when MIS for the thoracic spine is appropriate, appreciate 
the benefits of MIS for the thoracic spine, and understand how 
to incorporate MIS for the thoracic spine into their practice.
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1. Which one of the following is a disadvantage of MIS in the 
thoracic spine?
A. More expensive
B. Greater blood loss
C. Technically challenging
D. Long hospital stays
E. Longer procedures

2. Which one of the following is an example of MIS for vertebral 
fracture?
A. Kyphoplasty
B. Vertebroplasty
C. Circumferential spinal decompression
D. Percutaneous transpedicular fixation
E. Thoracotomy

3. Which one of the following is an approach to morbidity 
associated with conventional thoracic spinal tumor removal?
A. Decreased blood loss
B. High infection rate
C. Decreased operative time
D. Spinal cord compression
E. Decreased complications

4. Which one of the following approaches is best for MIS in the 
anterior thoracic spine?
A. 6 cm off the midline
B. 3 cm off the midline
C. Midaxillary
D. Midclavicular
E. Through the thorax

5. Which one of the following was the initial indication for MIS?
A. Tumor resection
B. Microendoscopic decompression
C. Thoracolumbar corpectomy
D. Intradural-extramedullary neoplasms
E. Transmuscular pedicle screw fixation

6. Use of two-dimensional fluoroscopic guidance systems reduces 
total radiation exposure.
A. True
B. False

7. Which one of the following describes value-based spine care?
A. Price per operation
B. Financial burden for the hospital
C. Number of operations performed
D. Cost and clinical outcome
E. Duration of hospital stay

8. Fluoroscopy is used in all of the following procedures, except
A. catheter insertion
B. stent placement
C. angiography
D. chemotherapy
E. MIS

9. Which of the following procedures can be performed using MIS?
A. Corpectomy
B. Tumor resection
C. Spinal fusion
D. Spinal fixation
E. All the above

10. Most back pain originates from which one of the following parts 
of the spine?
A. Cervical
B. Lumbar
C. Thoracic
D. Sacral
E. Pelvic
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