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Abstract: Minimally invasive spine (MIS) surgery is associated with limited dissection as compared to open

surgical procedures and this can result in decreased visualization. The use of computer-assisted navigation

technology, however, allows surgeons greater visualization of bony and soft tissue anatomy through limited

MIS incisions. This article outlines the potential benefits of intraoperative navigation during minimally

invasive spinal surgery procedures to reduce intra-operative radiation exposure and enhance surgical accuracy.

We also offer the senior author’s surgical setup and technique related to a skin-based navigation system.

Future research is required into the use of augmented reality for surgeons during a navigated MIS surgery.
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Introduction

Minimally invasive spine (MIS) surgery has been defined
by a panel of experts as a procedure that “...by virtue of
the extent and means of surgical technique results in less
collateral tissue damage” (1). The AO foundation also
defines MIS surgery as reducing muscle damage, blood loss
and post-operative pain (2). Therefore, MIS surgery relies
on limited muscle disruption while still achieving desired
surgical goals. Visualization can be through a smaller and
narrower dissection in MIS cases. Image guided navigation
during spinal surgery can be an invaluable assistant to
MIS surgeons as it allows for a larger area of visualization
of bony and soft tissues through a smaller area of surgical
dissection.

Computer-based navigation systems provide MIS
surgeons with guidance while placing instrumentation and
also for non-instrumented cases. It is used for localization
as well as for adequacy of decompression in addition to
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instrumentation accuracy. The use of navigation allows for
removing traditional fluoroscopy from the operating room.
Navigation systems rely on a reference frame followed by
cross sectional imaging to develop an interactive image of
a patient’s anatomy. These navigation systems allow for
real-time image guidance while reducing intra-operative
radiation exposure (3-6). Utilization of navigation has been
shown to improve accuracy of placement of pedicle screws
as well (5,6).

Within this review we will discuss the benefits and
barriers to adoption of navigation during MIS surgery
as well as a detailed description of the senior author’s
technique/workflow to incorporate navigation systems
during MIS surgery. This detailed description focuses on
the senior author’s operative workflow and unique use of
skin-referencing to enhance surgical efficiency and reduce
the number of incisions for the patient. We will then discuss
potential innovations in the current body of navigation
technology.
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Benefits and barriers to use of navigation in MIS
surgery

There has been substantial research showing the benefits
of navigation in spine surgery. As mentioned above,
several studies have detailed the improvement in accuracy
of lumbar pedicle screw placement during surgery as
compared to non-navigated surgeries (4-6). In a highly cited
review of the literature by Tian ez a/., CT-based navigation
systems had an accuracy of placement of pedicle screws
of 90.76% versus fluoroscopic guided screws that only
had an accuracy of 85.48%. In another study by Kim ez a/.
the use of navigation improved accuracy of pedicle screw
insertion specifically in the context of MIS surgery (7).
Indeed, several articles with reviews of literature support
the improved accuracy of lumbar pedicle screws placed with
computer-assisted navigation compared to open techniques
of insertion (8,9). Due to the unique vascular and neural
anatomy of the cervical spine, computer assisted navigation
can be very helpful for surgeons attempting to instrument
portions of the cervical spine. This includes C1-C2 fixation
as well as lateral mass screw placement (10,11).

Another benefit of use of image guided navigation is that
it allows for less exposure to radiation for surgeons (12,13).
Radiation exposure may impact the rate of solid tumors and
risk of cataracts amongst surgeons using large amounts of
fluoroscopy during their career (14). Furthermore, there
is evidence of increased breast cancer prevalence amongst
female orthopaedic surgeons (15). Radiation exposure
should be on the forefront of every MIS surgeon, because
MIS techniques are associated with increased exposure to
radiation among patients, operating room staff and the
spine surgeon (16). Data such as this should motivate spinal
surgeons to work towards the smallest possible dose of
radiation in the operating room.

There are several barriers to adoption of use of
navigation during MIS surgery. There is specially designed
imaging equipment as well as software that is required to
perform navigated surgery which is obviously associated
with its own cost (17). This cost might be offset with a
reduction in operative time with quicker placement of
navigated pedicle screws (18-20). Of note, there hasn’t been
a comprehensive cost-effectiveness study of navigation
use specifically in the context of MIS surgery. Quicker
placement of pedicle screws is dependent on surgeon
comfort and workflow in the operating room with use of
navigation systems. Learning where to place reference
markers and setup guidance systems can be a process. These
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additional steps can be time consuming and represent a
barrier to adoption of computer assisted navigation. The
authors of this study feel that once this workflow is setup
there is substantial increase in efficiency of pedicle screw
insertion.

Navigation systems

There are numerous computer-assisted navigation systems
available to surgeons and hospitals. The most commonly
used intra-operative imaging platforms are the O-arm™
(Medtronic®, Minneapolism, MN, USA), Airo® mobile
intra-operative CT (Brainlab®, Feldkirchen, Germany) and
the Ziehm Vision RFD 3D™ (Ziehm Imaging©, Orlando,
USA). These systems work with navigation instrumentation/
software. These software/instrumentation systems include
the StealthStation S8 (Medtronic®, Minneapolis, MN), 7D
Surgical System (7D Surgical®, Toronto, ON, USA) and
Stryker Spinal Navigation with Spine Mask® (Stryker®,
Kalamzoo, MI, USA). This is not a comprehensive list
of navigation systems, but we believe this is the most
commonly used technology in today’s operating rooms.

The three imaging platforms with which the majority
of navigation procedures are performed have specific
advantages and disadvantages. The Airo® mobile intra-
operative CT was approved for use by the Food and
Drug Administration (FDA) in 2013 (8). It has a relatively
large diameter of scanner which can accommodate larger
patients. The platform on which patients are placed
can also be rotated which can be helpful for anesthesia
staff during intubation and line placement and moving
equipment into/out of the operating room. The Airo® has
a 360-degree scanning capability which provides for images
to be analyzed by the specified Brainlab® software. It is also
portable which is beneficial for surgeons working in large
centers with multiple working operating room with spine
cases.

The O-arm™ has been used widely as a tool to provide
2D/3D imaging. It has the capability of moving under
and above the operating room table as a “C” shaped
imaging tool which then closes its gantry to provide
360-degree visualization of anatomy. It works well with the
StealthStation navigation software also by Medtronic®.

The Ziehm Vision™ imaging system at first appears
like an ordinary C-arm. It has the capability, however, of
producing high quality intra-operative CT-scans by rotating
automatically around the operative patient. The Ziehm

7 Spine Surg 2019;5(Suppl 1):525-S30 | http://dx.doi.org/10.21037/jss.2019.04.23



Journal of Spine Surgery, Vol 5, Suppl 1 June 2019

( " Registration
‘ camera
Nl
3 \ BN
y 3 Image

intensifier

Monitor

Figure 2 Trackerless registration process requires a person to
place a probe on different portions of the Ziehm Vision™ image

intensifier.

Vision™ can interface with any of the navigation software
listed above.

Senior author’s MIS navigation surgical
technique

The senior author’s MIS surgical technique is centered
around navigation when performing specific portions of his
operations. We will outline the operating room setup, data
acquisition for tracking, registration of instrumentation/
patient, and operative steps while performing navigated
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lumbar surgery. This same setup can be used while
performing nearly any MIS surgery.

Operating room setup

The senior author (SA) sets up the operating room with
the patient prone in the center of the operating room. The
image intensifier comes in from the right side of the room
(as seen from the foot of the patient). The monitor with the
navigation guide stays above the right side of the patient’s
right shoulder. The registration camera is above the head
of the bed. A labeled picture of relevant portions of the
operating room are shown in Figure 1.

Data acquisition and registration

The data acquisition portion of the procedure refers
to registering equipment and the patient position after
prepping/draping the patient. The SA utilizes a skin-
based navigation (Stryker SpineMask®) system to provide
a registration point for the navigation software. The SA
feels that this is the optimal method of registration for
his technique of MIS surgery given the limited incisions/
dissection that he utilizes. Once prepping and draping is
completed, the imaging system employed (Ziehm Vision™)
is used as a fluoroscopic tool to localize the location
of interest for the surgery. The SA uses a trackerless
registration option where an instrument is placed on
specific portions of the Ziehm vision™ C-arm to orient
the navigation software. A picture of this process is shown
in Figure 2. After registration is performed with the
Ziehm Vision™ image enhancer, a CT scan is performed.
Registration is confirmed when a sterile probe is placed on
known anatomic landmarks on the patient’s anatomy.

Tracking during the surgical procedure

Once the SA has completed the registration process, he
will use the navigation software to plan incisions/dissection
for his MIS procedures. Once this location is confirmed
with navigation, the SA makes a 1-2 cm incision for a MIS
lumbar decompression. A series of tubes are dropped over
the area of decompression as shown in Figure 34 over
the lumbar spine. For certain procedures such as a MIS
lumbar decompression, the surgery can be performed with
the frame of the SpineMask™ as shown in Figure 3B. The
SpineTracker™ is completely visible to the registration
camera at the top of the bed as well.

7 Spine Surg 2019;5(Suppl 1):525-S30 | http://dx.doi.org/10.21037/jss.2019.04.23



S28

Figure 3 Intra-operative photos of MIS decompression. (A)
Location of SpineTracker™ over the lumbar spine during a MIS
decompression procedure. The SpineTracker™ is affixed to the
patient’s skin with an adhesive drape over the entire outline of
the equipment; (B) the senior author works on the left side of
the patient as he confirms the location the area of decompression
with his navigation probe. The tubes through which he does his
decompression are also affixed to the surgical table off to the lower

right of the patient. MIS, minimally invasive spine.

When performing a MIS transforaminal lumbar
interbody fusion (TLIF) a similar setup is employed by
the SA but with some slight modifications. During the
MIS TLIF the SpineTracker™ is placed well above the
surgical field (but within the sterile field). This new location
is shown in Figure 44. The SA then cannulates bilateral
pedicles at the levels of an attempted fusion. The first
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step in this process involves placing percutaneous pedicle
screws which is shown in Figure 4B. At this point, a tubular
retractor is placed at the disc space with the assistance of
the navigation equipment. This tubular retractor provides
the necessary visualization and working space for the MIS
TLIF. Of note, the tubular retractor is affixed firmly to
the lower left side of the bed. Once the TLIF is placed,
final pedicle screws are placed at each level of the fusion
over guide wires. These guide wires and the location of the
tubular retractor are both shown in Figure 4C. An example
of the navigation interface is shown in Figure 4D. The
trajectory of a S1 pedicle screw is outlined based upon the
location of the probe on the sacrum.

Future research and innovations in MIS
navigation surgery

There are several areas of innovation being explored to
assist surgeons performing MIS navigated spinal surgery.
The Augmedics xvision™ technology has been developed
to assist surgeons to see instruments and computer-assisted
navigation images without looking up to a monitor. This
system is attached to the surgeon’s head and allows the
surgeon to see clearly the images in front of the surgical
field. This may assist surgeon workflow to allow for a more
efficient operative technique. There is also significant
research being conducted on the use of MIS surgical
instrumentation combined with robotic technology (21).
This integration of technology will require additional
education of old and young surgeons. Further research is
required to determine whether addition of this technology
would assist surgeons in patient care to justify increased
Costs.

Conclusions

Navigation in MIS surgery offers surgeons significantly
advanced visualization of a patient’s anatomy through the
limited dissection that is the definition of MIS surgery.
There are several different imaging platforms and
navigation software available to surgeons for integration
of MIS techniques with computer assisted navigation.
This navigation likely helps with accuracy of pedicle
screw placement and dramatically reduces intra-operative
radiation. Further research is necessary to determine how
robotic technology and augmented reality products will
enhance patient care.
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Figure 4 Intra-operative photos of pedicle screw placement. (A) Note the location of the SpineTracker™ which is higher over the

thoracolumbar spine. There is still maintained a line of sight from the registration camera at the head of the bed to the SpineTracker™. (B)
The SA demonstrates his technique of placing percutaneous pedicle screws. He uses a 1-2 c¢m incision over the entry point for the pedicle
screw and drops a Jamshidi needle at this precise location. Of note, the location of the instrumentation and markers for the navigation
software are still in the line of sight for the registration camera at the head of the bed. (C) The pedicles are cannulated with wires and
a tubular retractor is placed at the level of the disc space. This placement allows for clear visualization of bone/soft tissue elements. (D)
This is an example of the software interface for the navigation system used by the SA. The trajectory of the probe in relation to the sacral

promontory as well as the spinal canal. The green dots in the bottom right represents the SpineMask tracker position.
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