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NEURONAVIGATION: FAMILIAR AND WELL
DEVELOPPED IN BRAIN SURGERY
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FUNCTIONAL IMAGING
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Spinal Navigation
• Started in 2002 in NSH Dubai with 2 Victor vision
systems
• One Brain Suite ceiling mounted (loaded with
spinal application)
• Mobile victor vision (mainly for spine applications)
• Spinal nav. Was stopped after 37 cases then was
used on occasional difficult cases:
– Time consuming+++
– No real time intraop. Information(need always to
match fluoroscopy to pre-op. CT Scan

SPINAL NAVIGATION: THE
DEVELOPMENT 2002
Preop. Planning: CT based
with fluoroscopy matching

2005 restarted spinal navigation
with the development of
precalibrated surgical tools such as
the awl, pedicle probe and
pedicle finder, screw driver, …….

But still not a friendly technology ???

Precalibrated tool

Since the introduction of O-Arm 3D based navigation the spinal navigation
became a routine, associated in the majority of cases to pedicle screws
stimulation

Screw Malposition: Problem??
•
•
•
•
•

Pain (nerve injury, instability…..)
Neurological deficit
Vascular complications
CSF leak
Re-operation

Malpositioned screws fluoroscopy guided
Complications are under reported: Neurologic,
vascular, biomechanics.

Malpositioning

Intra-operative correction of screw
malposition

Are we more accurate in putting screws using the navigation?

The literature answer is yes
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Eur Spine J. 2012 Feb;21(2):247-55.

Accuracy of pedicle screw placement: a systematic
review of prospective studies comparing free
hand, fluoroscopy guidance
and navigation techniques.
Gelalis ID, Paschos NK, Pakos EE, Politis AN, Arnaoutoglou CM, Karageorgos AC, Ploumis A, Xenakis TA.
Department of Orthopaedic Surgery and Traumatology, School of Medicine, University of Ioannina,Epirus, Greece.

RESULTS:

•
•
•

26 prospective studies,1,105 patients ,6,617 screws were inserted.
free-hand technique, fully contained screws in the pedicle from 69 to 94%
with fluoroscopy from 28 to 85%
with fluoroscopy-based navigation from 81 to 92%

with CT navigation from 89

to 100%

Navigation exhibit higher accuracy and increased safety than freehand technique and use of fluoroscopy.

Silbermann J, Riese F, Allam Y, Reichert T, Koeppert H,
Gutberlet M: Computer tomography assessment of pedicle
screw placement in lumbar and sacral spine: comparison
between free-hand and O-arm based navigation
techniques. Eur Spine J 20:875–881, 2011
Shin MH, Hur JW, Ryu KS, Park CK: Prospective comparison

study between the fluoroscopy guided and navigation
coupled with O-arm® guided pedicle screw placement in
the thoracic and lumbosacral spines. J Spinal Disord Tech [epub
ahead of print], 2013

O-Arm based spinal nav. increases the accuracy of pedicle
screw placement in the lumbar and sacral spine when
compared with fluoroscopy-guided placement.
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The accuracy of spinal navigation either fluoroscopy based or CT scan based
navigation proved to be significantly superior to the use of conventional
fluoroscopy and free hand technique. This was demonstrated in vitro and in vivo
studies but also in systematically reviewing the literature. The O-arm based navigation
proved to provide high accuracy with fully contained screws in the pedicle exceeding the
90% as demonstrated in many studies (from 91.9% to 98,81%.)

Reduce operative time, in comparison with the use
of preoperative CT scans with image guidance,
Costa F, Cardia A, Ortolina A, Fabio G, Zerbi A, Fornari M: Spinal
navigation: standard preoperative versus intraoperative computed
tomography data set acquisition for computer-guidance system:
radiological and clinical study in 100 consecutive patients. Spine
(Phila Pa 1976) 36:2094–2098, 2011

Reduce radiation exposure compared with
fluoroscopic guidance,
Nottmeier EW, Pirris SM, Edwards S, Kimes S, Bowman C, Nelson
KL: Operating room radiation exposure in cone beam computed
tomography-based, image-guided spinal surgery. Clinical article. J
Neurosurg Spine 19:226–231, 2013

The Radiation Issue

Larry T. Khoo,MD
(The Spine Clinic of Los Angeles)
“Lost a very dear colleague to thyroid cancer from OR
radiation exposure”

“ Why wouldn't we want to reduce
our exposure? And fortunately , we
can”
TAKE INITIATIVE

The Radiation Issue….

Spine (Phila Pa 1976). 2000 Oct 15;25(20)

Radiation exposure to the spine surgeon during 4 KG (Av)
fluoroscopically assisted pedicle screw
insertion.
Rampersaud YR, Foley KT, Shen AC, Williams S, Solomito M.

•Fluoroscopically assisted thoracolumbar
pedicle screw placement exposes the surgeon to
significantly greater radiation than other,
nonspinal musculoskeletal procedures, dose

rates are up to 10-12 times greater.

The Radiation Issue….
Spine (Phila Pa 1976). 2012 Aug 1;37(17)

Radiation exposure to the spine surgeon in lumbar and thoracolumbar fusions with
the use of an intraoperative computed tomographic 3-dimensional imaging system.
Abdullah KG, Bishop FS, Lubelski D, Steinmetz MP, Benzel EC, Mroz TE.

METHODS:
Surgeon standing in the substerile room with a digital dosimeter without a lead apron.
Average exposure 44.22 μrem. Mean distance from O-ARM 4.56 m, mean duration19.6
sec

CONCLUSION:

Radiation exposure is minimal to the surgical team
during routine use of the O-ARM .
The number of procedures required to surpass
occupational exposure limits is high . (1,130,710 for
extremity, skin, and all other organs and 339,213 for the
lens of eye.

What about IONM and PSS
IONM has been shown to be
effective in reducing
operative neurological
complications in several
types of surgery.

2 Phases:

Stimulation
Recording

Spine Surgery and IOM
–

-

The most cited article reporting efficacy in spinal surgery is a 1995 paper
by Nuwer et al [i] In which SSEP monitoring of spinal surgeries was
examined by serial survey with 153 spinal surgeons performing 97,586
spinal surgeries of which 53% were monitored:
60% of patients had scoliosis
7.5% fractures
6.5% kyphosis
5.5% spondylolysthesis
20.5% others

[i] Nuwer,

M. R.; Dawson, E. G.; Carlson, L. G.; Kanim, L. E. & Sherman, J. E. (1995),

'Somatosensory evoked potential spinal cord
monitoring reduces neurological deficits after
scoliosis surgery: results of a large multicenter
survey.', Electroencephalogr Clin Neurophysiol 96(1), 6--11.

Quadriplegia 3.7% vs 0% when monitored
Cervical Spinal Tumor
• Cervical Decompression
– Group A - 218 patients - not monitored
– Group B - 100 patients - monitored
• Results
– Group A

- 3.7%

incidence of quadriplegia

- 0.5% incidence of death
– Group B - No incidence

of quadriplegia or death

(Epstein et al., 1993, SPINE 18(6):737-74)

SPINE SURGERY; Edward C. Benzel, Volume 2, Techniques,
Complication, Avoidance and Management, Chapter 95,
Intraoperative Electromyography Monitoring
• Monitored and non-monitored outcome studies separated into 2
groups:
– Group I (n=185) without monitoring

– Group I: Incidence of surgically induced
radiculopathies was 9.6%
– Group II (n=205) with monitoring
– Group II: Incidence of surgically induced
radiculopathies was <1.0%

Does combining spinal navigation and 3D Fluoroscopy with
Pedicle screw stimulation decreases the screw malposition rate
and minimize radiation?
Spinal navigation
3 D Fluoroscopy

Screw stimulation

Correct position

?

Is reaching 0 % serious
complications possible ?

WHY COMBINING PSS TO IO NAVIGATION?
Pedicle screw triggered EMG is a well-established intra
operative monitoring technique which is currently gaining
increased popularity in spinal deformity surgery in
particular.
To maximize the safety of instrumentation we conducted a

prospective study to verify the predictive value of
pedicle screw stimulation compared to intra
operative 3D scan findings, and eventually we end up
with a protocol which maximizes the safety while
decreasing the overall radiation and operative
time.

Methods:
Patients had pedicle screws insertion using O-arm spinal
navigation, then had PS triggered electromyography (EMG),
and finally a 3D scan (O-Arm and in some cases Bodytom)
to evaluate the accuracy of screw position

Materials and Methods:
Inclusion and exclusion criteria:
71 Consecutive cases of spinal instrumentation mainly for DSD
involving the thoraco-lumbar spine (T10 to S1) using the O-arm
based spinal navigation between April 2012 and April 2014 were
included.
Cases with previous instrumentation were excluded being not
inserted using navigation and having eventual preexistent
pedicle breach.
Cases with instrumentation exclusive or extending to the
thoracic spine higher than T10 were excluded for not having a
defined muscular unit corresponding to a particular nerve root
where triggered EMG by pedicle screw stimulation could be
evaluated objectively. No exclusion criteria was applied to
gender, age or clinical or medical condition

Study design:
The following steps to be performed intra-operatively:
• Insertion of pedicle screw using the O-arm based
navigation StealthStation TREON™ (Medtronic,
Minneapolis, MN), before or after neural structures
decompression.

Study design:
• Pedicle screw triggered EMG, with nerve roots response
recorded through corresponding muscle group as follows;
T10, T11 Lower Rectus Abdominis,T12, L1 Inferior Rectus
Abdominis, L1, L2, L3, L4 Vastus Medialis, Adductor
Magnus, L4. L5, Vastus Lateralis, Tibialis Anterior L5, S1
Peroneous Longus, Gastrocnemius.
• Parameters for pedicle screw stimulation were set to a
pulse width of 200 μ seconds and a repetition rate of 3.0
Hz. A monopolar electrode/or bipolar was used for
triggered EMG and we stimulated the top of the pedicle
screws directly.

Results:
447 screws were inserted in 71 patients. In 10 patients, 11 screws
needed repositioning.
Comparing results of PS triggered EMG responses to the 3D scan, we
found:
• Negative stimulation response with negative 3D scan findings,
corresponding to 432 acceptable screw position (96.6%) in 62 patients
(87.3 %). In these cases, the redo 3D scan could be avoided.
• Positive stimulation response with positive 3D scan findings,
corresponding to 7 unacceptable screw position (1.5 %) in 6 patients
(8.4%).
In these cases PS stimulation detected mal-positioned screws that would
be missed without a redo 3D scan

• False negative PS response with positive 3D scan
findings, corresponding to unacceptable screw position
(G2 or G3) of 4 pedicle screws (0.9%) in 4 patients (5.6
%). These screws were repositioned.

• False positive PS response with negative 3D findings,
corresponding to proper screw position (G 0) in 4
pedicle screws (0.9%) in 3 patients (4.2%).

Discussion

False positive ?
+ response at 6 mA … Why ?

Conclusion:
We propose a protocol of routinely performing PS
stimulation after screw insertion using spinal navigation.
In case of positive stimulation, a 3D scan must be
performed to rule out a probable screw mal position (6
patients 8.4%). However, in case of negative stimulation
(87 % of patients), redo 3D scan can be avoided.

Insert Pedicle Screws Using 3D Scan Based Navigation

Perform Pedicle Screw Evoked EMG (10 mA)

Redo 3D Scan

Screw Malposition

Avoid Redo 3D Scan

False +
Repositioning

