SCIENCE OF MEDICINE | FEATURE SERIES

Cutting Edge Developments in Spine
Surgery at the University of Missouri

by Ravi Nunna, MD, Farzana Tarig, MD, Michael Ortiz, MD, Inamullah Khan, MD,
Sabrina Genovese, BS & Paul Santiago, MD

School of Medicine

University of Missouri Health

Technological
advancements include
intra-operative image
guidance, robotic spine
surgery, minimally invasive
techniques, motion
preservation surgery, and
interdisciplinary care of
metastatic disease to the
spine.

by Ravi Nunna, MD, Farzana Tarig, MD,
Michael Ortiz, MD, Inamullah Khan,
MD, Paul Santiago, MD, (pictured), are
all'in the Department of Neurosurgery,
University of Missouri - Columbia,
Columbia, Missouri. Sabrina Genovese,
BS, is at the School of Medicine,
University of Missouri - Columbia,
Columbia, Missouri.

Abstract

The treatment of spinal
pathologies has evolved
significantly from the times
of Hippocrates and Galen to
the current era. This evolution
has led to the development of
cutting-edge technologies to
improve surgical techniques and
patient outcomes. The University
of Missouri Health System is
a high-volume, tertiary care
academic medical center that
serves a large catchment area in
central Missouri and beyond.
The Department of Neurosurgery
has sought to integrate the
best available technologies to
serve their spine patients. These
technological advancements
include intra-operative image
guidance, robotic spine surgery,
minimally invasive techniques,
motion preservation surgery,
and interdisciplinary care of
metastatic disease to the spine.
These advances have resulted in
safer surgeries with enhanced
outcomes at the University of
Missouri. This integration of
innovation demonstrates our
tireless commitment to ensuring
excellence in the comprehensive
care of a diverse range of patients
with complex spinal pathologies.
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Introduction

The study of spinal
anatomy, pathology, and even
management, dates back to the
time of Hippocrates (460-370 BC).
Correction of spinal deformity
using the Hippocrates ladder
and board marks the earliest
interventions used to treat spine
pathologies.! Centuries later, the
Greek physician Galen made
groundbreaking contributions to
the knowledge of spine anatomy,
including the introduction of
medical terms like kyphosis and
scoliosis in addition to their
treatment using devices such as
chest binders and jackets. In the
19% and 20™ centuries, further
refinement in these non-surgical
techniques and the development
of surgical interventions birthed
the field of spinal surgery.* The
21* century marks the era of
technological advancements in
image guidance, robotics, and
the introduction of minimally
invasive techniques (MIS
approaches). At the University
of Missouri, we treat a wide
spectrum of spinal pathologies
from the occiput through the
sacrum. We commonly treat
pediatric and adult patients with
degenerative diseases of the spine,
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Figure 1. A. Infraoperative CT navigation system. B. Placement of pedicle screws with image guidance.

inflammatory disorders, spinal trauma, infections,
congenital disorders of the spine, spinal deformity, and
malignancy.

Technological Advancements

Technological advancements in the past five
decades have enabled spine surgeons to shift paradigms
from open surgeries to minimally invasive spine
surgery. Image guidance, new surgical techniques, and
evolving instrumentation have laid the foundation for
the current era of spine surgery. The following are a
few of the fundamentally important innovations of the
recent era.”*

Intra-Operative Image Guidance

Image guidance in spine surgery has revolutionized
both the safety and precision of instrumentation in
spine surgery. Initially, the placement of screws and
other hardware relied on anatomic landmarks that
allowed for intraoperative assessment of known safe
windows and trajectories. The advent of intraoperative
fluoroscopy in 1955 all owed for real-time two-
dimensional imaging to guide screw placement.” While
this marked a crucial step in the evolution of surgical
technique, fluoroscopy guided pedicle screw placement
still reported suboptimal screw positioning rates due
to the inherent limitations of using two-dimensional
imaging for guidance of three-dimensional techniques.
The subsequent introduction of computed tomography
(CT) in 1971 followed by the magnetic resonance
imaging (MRI) in the early 1980s profoundly altered

the pre-operative evaluation of surgical spine patients,
but challenges persisted regarding intraoperative image
guidance.®’

The foundation of contemporary image guidance
in spine surgery consists of a navigation system that
integrates patient-specific imaging data with real-time
three-dimensional positioning of instruments and
spinal implants. Patient-specific imaging is obtained
via several mechanisms at the University of Missouri.
The most basic technique comprises a pre-operative
high-resolution CT image of the levels of interest
which is then intraoperatively registered to the patient
by selecting points on the patient’s spine for surface
registration. An alternative workflow consists of
obtaining a patient-specific intraoperative 2D/3D
image with an intraoperative CT scanner (Figure 1).
This workflow allows for immediate registration of the
patient’s spine to the navigation system. Instruments
and attached implants are outfitted with optical
sensors which are tracked by a mobile optical sensing
unit. Confirmation of expected implant placement
is obtained with an intraoperative CT scanner. This
significantly decreases the need for “take back”
surgeries to revise implant placement.

Intraoperative spinal navigation was first
developed to assist in the placement of C1-C2 screws
(minimizing risk to the adjacent vertebral arteries)
and thoracolumbar pedicle screws. However, intra-
operative navigation has uses beyond the placement
of pedicle screws. Intraoperative image guidance can
assist in exact localization of spinal level in cases of
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abnormal anatomy, osteotomy planning, interbody
placement, and decompression planning.®’ In a study
by Wang YC, the author describes navigated accuracy
of cervical pedicle screw placement up to 94.1%." In
the thoracolumbar region optimal hardware placement
via intra-operative CT has accuracy reported up to
98%.'"'*  Gelalis et al. assessed the accuracy of pedicle
screw placement using frechand, fluoroscopy, and CT
navigation.' The results revealed free-hand technique
accuracy to range from 69 to 94%, fluoroscopy-based
navigation from 81 to 92%, and CT navigation from
89 to 100% accurate. Intraoperative CT navigation
exhibits a higher accuracy in pedicle screw placement
than free-hand technique and use of fluoroscopy.'

Robot-Assisted Spine Surgery

The University of Missouri is one of a select group
of medical centers in the state of Missouri that also
performs robot-assisted spine surgery. The advent of
robotics in spine surgery represents a significant leap
forward in the evolution of technology. This leap
combines diverse advancements into a single platform
to enhance both the precision of surgery and the
subsequent patient outcomes.

Robot-assisted spine surgery necessitates a
complex workflow that requires extensive training
for both spine surgeons and operating room nurses
and technicians. The University of Missouri currently
employs an advanced platform for robot-assisted
spine surgery (Figure 2). This platform is integrated
with both image acquisition and intraoperative
image guidance to allow for seamless transitions
between points in the workflow. After obtaining
an intraoperative, three-dimensional image of the
patient’s bony anatomy, the system automatically
performs segmental registration (each vertebral
body individually) to each spinal level. Segmental
registration is a critical step as the spine is mobile
and the bony anatomy may be altered significantly by
patient positioning. Pedicle screws are then planned
on the navigation station and saved into the robotic
system. The robotic system then automatically
positions itself for placement of each pedicle screw at
the appropriate depth and trajectory. Surgeons are then
able to perform both drilling, tapping to create threads
in the bone, and placement of the pedicle screw
through the robotically-positioned guide.

The use of robotics in spine surgery has revealed
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Figure 2. Roboft-assisted placement of pedicle screws.

promising clinical results with minimally invasive
techniques. Multiple studies have shown robotic
assisted pedicle screw placement to be more accurate
than free-hand surgeries."*'® Additionally, the use

of robotic guidance was shown to reduce radiation
exposure and length of hospital stay."* However, there
are still many limitations to the use of robotics in spine
surgery including longer surgery times compared to
free-hand techniques.'® Additionally, the number of
patients robotic surgery in general can serve is limited
based on the small number of centers that can afford
such technology. The current pricing on a single

da Vinci robot (non-spinal robot) is approximately
$1.5 to 2 million, resulting in higher initial capital
investments for the hospitals and higher surgical costs
for the patients."”'® Yet, an overall cost-analysis of
the use of robotics in spine surgery revealed an overall
savings estimate of $608,546 during a one-year period
because of reduced infections and shorter length of
hospital stay with the use of robotics."”

Motion Preservation Surgery
in the Cervical Spine
Degenerative disc disease affects 80-90% of the

population by age 50." Anterior cervical discectomy
and fusion (ACDF) is a well-established, clinically



Figure 3.
A. 56-year old male presenting with neck pain and bilateral arm
pain.

B. Post-operative lateral XR C4/5 and C5/6 artificial disc
replacement.

effective treatment option for advanced degenerative
disc disease of the cervical spine. However, there are
certain drawbacks including restricted mobility at
the treated level, adjacent level disease, and hardware
failure.?*** Artificial disc replacement (ADR) is an
established procedure used to treat cervical disc disease
that has particular benefits such as preservation of
motion and reduction in adjacent level degeneration in
comparison to traditional ACDE

Results from a number of randomized-controlled
trials have demonstrated that ADR may prove to
be an excellent surgical option when careful patient
selection and well-trained, meticulous technique
are employed.”*¢ Complications of ADR include
heterotopic ossification (bony overgrowth) and
implant migration or subsidence.””-*® Careful patient
selection in each treatment is key to a successful
outcome. Recent series have also demonstrated that
ADR may be associated with shorter length of stay
and enhanced recovery times.”=' Spine surgeons at
the University of Missouri are highly experienced in
motion preservation surgery in the cervical spine via
ADR (Figure 3). Our surgeons use a diverse number
of available ADR devices to perform successful motion
preservation surgery.

Minimally-Invasive Spine (MIS) Surgery
Degenerative disease of the lumbar spine diseases
is estimated to impact around 2.06 million people
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annually in the U.S.%? Historically, the approach
for the treatment of most pathologies in the
lumbar has been with a posterior midline
incision. Such interventions can include
decompression surgeries with laminectomy,
discectomy, and fusion with a wide array of
instrumentation. In the last several decades,
several minimally invasive surgical techniques
have been developed. These techniques are
associated with decreased blood loss, decreased
tissue injury, and in many cases, decreased risk of
complications such as infection.

Percutaneous Pedicle
Screw Placement

Magerl first described fixation of the lumbar
spine using external fixators.*® Later Mathews
and Long used percutaneous pedicle fixation
using plates.* This subsequently evolved
into the use of rods to connect the percutaneously
placed pedicle screws. In such techniques, real time
neuronavigational guidance is used to identify the
trajectory of pedicle screw placement. The incisions are
planned based on the trajectory of each pedicle screw
with minimal need for muscle retraction or dissection.
Percutaneous pedicle screw placement can be utilized
as a standalone treatment of vertebral fractures acting
as an internal brace or supplement to anterior spinal
procedures.’" %

Minimally Invasive Transforaminal
Lumbar Interbody Fusion (MIS-TLIF)

Interbody fusion remains an effective treatment
option for patients with degenerative disc and
facet joint disease. Such patients often present with
mechanical back pain, radiculopathy, and claudication.
In 1982, Harms and Rominger described the
transforaminal approach to lumbar interbody fusion
(TLIF).* In 2002, with the availability of more
sophisticated instrumentation, minimally invasive
interbody fusion was introduced by Foley and
Lefkowitz.*

A paramedian incision is usually planned on the
side of symptoms to allow for ipsilateral facetectomy
and laminectomy as a mean of direct nerve root
decompression. The muscle dissection is performed
using tubular retractors with increasing diameters
centered at the disc level of interest. The tubular
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Figure 4.

A. 38 year-old male
presenting with
disabling pain after
MVC found to have
L1 burst fracture with
retropulsion and
kyphosis.

B. Intra-operative
lateral XR with
retractors in place for
lateral corpectomy.
C. L1 lateral
corpectomy with
restoration of the
anterior column and
resolution of kyphosis.

retractor is placed under image guidance. Once the
disc space is identified and confirmed, a microscope

is brought to the field to perform a discectomy and
end plate preparation for interbody cage placement.
The interbody cage can be packed with graft material
to facilitate fusion. Stab incisions are used to place
pedicle screws at the vertebral levels above and below
the disc space utilizing neuronavigational guidance.
Rods are then passed through break-way guides
connected to the screw heads. Once the rods are
secured to the screws, the guides are broken off. The
MIS-TLIF technique is associated with less blood loss,
less muscle retraction, reduced postoperative pain, and
shorter length of hospital stay when compared with
open TLIF. However, patient reported pain scores
and fusion rates are comparable for the two surgical

techniques.®*’

Lateral Lumbar Interbody Fusion

In recent years, anterolateral approaches to the
spine have gained popularity and have been refined to
the point of becoming commonly used approaches for
spine surgery, particularly the lumbar spine.*® Through
a small (-6¢m) abdominal incision, the surgeon is
able to access most of the lumbar spine. Once the skin
is cut and the external fascia of the abdominal wall
muscles is open, the rest of the dissection is performed
bluntly and there is no additional injury to the
tissues. This can obviate the need for the large midline
lumbar incisions and extensive paraspinal muscle
dissections that may be necessary in certain posterior
approaches to the spine. This allows for more rigorous
disc removal and the ability to place larger interbody
grafts than are possible through a posterior approach.”
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This, in turn, results in increased ability to restore disc

height, indirectly decompress the neural elements,
correct spinal deformities and reduce certain fractures,
making it a useful tool in cases of degenerative

spinal disease, trauma, infections and even spinal
tumors (Figure 4). However, these approaches are not
suitable for all patients, particularly those with prior
retroperitoneal surgeries.***! Some of the possible
complications of these approaches include hip flexion
weakness related to manipulation of the psoas muscle
during dissection of the lateral aspect of the spine,
abdominal pseudohernias related to disruption of

the abdominal wall innervation, or injury to the
greater vessels, among others.“*! Consequently, these
approaches require the spine surgeon have additional
training on the retroperitoneal exposure or the help
of a general surgeon for access to the spine. The use of
stereotactic navigation and/or neuromonitoring can
also enhance the safety of these procedures.*?

Treatment of Metastatic Spinal Disease
Spinal metastasis is the most common bony spine
tumor and the thoracic spine is the most frequently
involved segment of the spine.”® Breast (21%), lung
(19%), prostate (7.5%), renal (5%), gastrointestinal
(5.5%), and thyroid (2.5%) are the most common
tumors that metastasize to the spine. The treatment
algorithm for patients with metastatic spine disease
is based on neurological dysfunction, histopathology,
mechanical instability, and systemic burden of the
disease. Patients who have cord compression, acute
onset paralysis/paresis, and mechanical instability
are often candidates for decompression and fusion.
Patients with oligometastatic disease and favorable



survival are also candidates for surgery. In patients
with advanced disease, subtotal tumor resection with
internal fixation can be used as part of a palliative
approach to cancer treatment. Surgical intervention
has been shown to improve morbidity and mortality
in patients with acute paralysis secondary to metastatic
disease to the spind.** The recent treatment
algorithm is based on Patchel R. et al,* landmark
randomized control trial where he compared the
clinical outcomes between patients with metastatic
spinal cord compression treated with surgery followed
by radiation and radiation alone. Patients who
underwent surgical intervention followed by radiation
demonstrated improved outcomes with respect to:
ambulation, continence, Frankel score, and survival.

Advances in image guidance, intraoperative
navigation, and percutaneous instrumentation allow
spinal surgeons to deliver care to an even larger
number of patients with spinal tumors of all types. By
minimizing injury to adjacent tissues and shortening
incisions, these tools allow patients undergoing surgery
for their cancers to progress to radiation and systemic
therapy sooner than when undergoing traditional
surgery. “Separation surgery” involves decreasing
the tumor burden around radiosensitive tissues.
Stereotactic Body Radiation Therapy (SBRT) allows a
team of radiation oncologists and spinal surgeons to
deliver high doses of radiation to very small volumes
of tissue with less injury to surrounding tissues
than conventional radiotherapy. The combination
of “separation surgery” and SBRT vs conventional
radiotherapy allows for more effective treatment of
spinal tumor burden, particularly in cases of recurrent
disease.

Patients with spinal malignancies are treated by
a large interdisciplinary team. This interdisciplinary
team involves spine surgeons, medical oncologists,
radiation oncologists, neuropathologists, and
neuroradiologists. These cases are typically discussed in
tumor board meetings where recommendations from
all services are considered, and a unified care plan is
formulated to care for these complex patients. This
combined effort represents a significant advancement
in the care of patients with spinal cancer.

Conclusion
The Division of Spinal Neurosurgery at the
University of Missouri has sought to integrate
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currently developing technological advancements
such as intra-operative image guidance,

robotic spine surgery, minimally invasive
techniques, motion preservation surgery, and the
interdisciplinary care of spinal malignancy. This
integration allows us to serve the needs of patients
with straightforward and challenging spinal
pathologies both now and in the future.
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