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Abstract

Pelvic instrumentation for neuromuscular scoliosis has
been part of neuromuscular scoliosis surgery since
the era of the Luque Galveston construct. Unit Rod
(Medtronic Sofamor-Danek, Nashville, TN) instrumen-
tation brought with it the concept of cantilever corr-
ection by placing the implants in the pelvis and then
gradually bringing the rod to the spine by sequentially
tightening the sublaminar wires, with the goal of crea-
ting a level pelvis over a straight spine. More recently
surgeons have utilized pedicle screw constructs in
which the corrective strategies have varied. Challenges
with pelvic fixation using iliac screws linked to the
spinal rod have led to the development of the S2-alar-
iliac technique (S2AI) in which the spinal rod connects
to the pelvic screw. The screw is placed in the S2 ala,
crosses the sacro-iliac joint and into the ilium through
a large column of supra-acetabular bone. This column
is the same area used for anterior inferior iliac spine
external fixation frames used in trauma surgery. S2AI
screw placement can be technically difficult and can
require experienced radiology technologists to provide
the appropriate views. Additionally, although the techni-
que was originally described being placed via freehand
technique with intra-operative flouroscopy, the freehand
technique suffers from the anatomic anomalies present
in the pelvis in neuromuscular scoliosis. As such, we
prefer to place them using intra-operative navigation for
all pediatric spinal deformity cases. Below in detail we
report our intra-operative technique and an illustrative
case example.

Key words: Posterior instrumentation; Pediatric; Spinal
deformity; Image guidance; Technique

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: S2-alar-iliac technique (S2AI) screws are used
commonly in 2018 in posterior spinal fusion surgery
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when a fusion to the pelvis is indicated. The benefits
of this instrumentation choice are well known; and now
with 3D technology surgeons can safely place S2AI
screws reproducibly even in aberrant pediatric anatomy.

Anari JB, Cahill PJ, Flynn JM, Spiegel DA, Baldwin KD.
Intra-operative computed tomography guided navigation for
pediatric pelvic instrumentation: A technique guide. World J
Orthop 2018; 9(10): 185-189 Available from: URL: http://www.
wjgnet.com/2218-5836/full/v9/i10/185.htm DOI: http://dx.doi.
org/10.5312/wjo.v9.110.185

INTRODUCTION

Neuromuscular scoliosis is a common cause of spinal
deformity, and nonambulatory patients commonly have
a thoracolumbar or lumbar curve associated with pelvic
obliquity (Figure 1). While corrective strategies have
varied, the initial approach using the Luque-Galveston
technique involved extension of the spinal rod into the
posterior ilium/pelvis. The corrective strategy in the
unit rod occurred by first placing the pelvic limbs of
the fixation in the pelvis, and then gradually bringing
the rod to the spine by applying cantilever forces and
sequentially tightening sublaminar wires to bring the
spine to the rod™. Problems include prominence of the
implants, loosening of the pelvic limbs within the pelvis
(“windshield wipering”), and rod fracture. The unit rod
is a pre-contoured rod which was developed to avert
the need for intraoperative rod contouring, and the
technique for correction was the same. Subsequent
variations in lumbo-pelvic fixation have included iliac
screws, which are placed into the posterior iliac crest
and attached to the spinal rod via connectors. Some
authors have placed duel screws into the ilium, while
others have advocated for screws in both the first sacral
vertebra and the ilium. Challenges with this fixation in-
clude implant prominence and failure of the implant at
the junction between either the screw and the connector
or the connector and the rod.

In 2007, Sponseller introduced the S2-alar-iliac
technique (S2AI) in which the pelvic screw is placed
from the sacrum into the pelvis. The screw head is low
profile and connects directly with the spinal rod™. While
initial reports documented safety and placement in both
pediatric and adult spinal deformity patients, much of
the recent literature regarding safety of placement using
the S2AI technique has been published in adults®*®.
Shillingford et al! report a free hand technique without
intra-operative imaging that has a cortical breech rate
of 7% posteriorly and 1% anteriorly. Anterior perfora-
tion into the pelvis or inferior perforation into the sciatic
notch can have catastrophic result given the neurovas-
cular and visceral structures found in such locations™.
There may also be variations in anatomy, for example
the relationship between the iliac wings and the pelvis.
In the setting of considerable pelvic obliquity, the patient
may bear weight on the downside iliac wing, and one
may observe asymmetry in the relationship between
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Figure 1 Posteroanterior of a sweeping thoracolumbar curve with pelvic
obliquity typical of neuromuscular scoliosis.

Figure 2 Navigation probe.

the iliac wings and the pelvis such as adduction of one
iliac wing with abduction of the other.

We have utilized computed tomography (CT) image
navigation for placement of pedicle screws at our in-
stitution for more than 10 years, and we have extended
this practice to the placement of S2AI screws!”. Here
we describe our technique for CT guided pediatric pelvic
fixation using the S2AI technique.

TECHNIQUE

The patient is placed in the prone position on an open
Jackson table and a subperiosteal exposure from the
upper instrumented vertebrae to S2 is performed.
Adequate exposure on the sacrum includes visualization
of both the S1 and S2 neural foramina. An anchor point
is picked proximally in the lumbar or thoracic spine
that is sturdy enough to hold a reference array (4 tines
at a minimum) and simultaneously remain out of the
surgeon’s working space while placing instrumentation.
Our preferred location is the lower thoracic spine
(T11/12) as this is usually far enough away to be out of
the working field but not too far from the insertion point
to alter the information acquired by the CT scan. Patient
lordosis must be taken into account as significant
differences in trajectory may lead to interference of the
guidance probe with the sensor array.

Once the exposure is complete and the array in a
stable location a low dose CT scan (2.25 mSv) is per-
formed from the top of the femoral heads to the lower
lumbar spine region (O-Arm Medtronic Sofamor-Danek,
Nashville, TN). Following completion of the CT scan
the navigation probe (Figure 2) is connected to the
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Figure 4 Intra-operative navigation screen depicting safe starting point and projected placement of an S2-alar-iliac technique screw. A: Sagittal; B: Coronal; C:

Axial; D: Current position of navigation probe.

Figure 5 Intraoperative clinical photo depicting the navigation probe placed
down the dilated path for the S2-alar-iliac technique screw with a guidewire
in place.

array by docking the probe in the array’s recess. Once
confirmation of coupling occurs 3D anatomy from the CT
scan is confirmed by placing the probe over a lumbar
spinous process correlating the imaging seen on the
screen with the patient. The surgeon, who stands on
the patient’s left places the right sided S2AI screw and
switches sides for the left sided screw. The typical entry
point insertion for the S2AI screws are just lateral to
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the lateral edge of the S1 and S2 foramina midway
between the two (Figure 3), although minor variations
may be required depending on the local anatomy. Once
this point is identified using the probe a 4 mm acorn
burr is used to create a pilot hole for the pedicle probe
approximately 3 mm in depth. The navigation probe is
replaced in the pilot hole to confirm trajectory in both
the axial and sagittal planes. Normal anatomy puts the
S2Al trajectory at approximately 40° lateral in the axial
plane and 20°-40° caudal in the sagittal plane*®!, Once
surgeon has trajectory memorized the straight gearshift
is passed through the sacrum into the sacroiliac joint
and into the ilium (Figure 4). In rare cases the proper
trajectory may require that the screw be placed directly
into the ilium and not through the sacrum.

On the navigation screen depth and trajectory can
be checked anytime with gearshift removal and place-
ment of navigation probe. The authors prefer to place
gearshift to the desired screw depth, dilate the tract,
and then place the navigation probe down the tract to
ensure circumferential bone and a floor alongside a
guide wire (Figure 5). A ball tip probe then palpates
the walls of the tract, and the channel is tapped to a
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Figure 6 Intra-operative navigation screens depicting a safe trajectory for the S2-alar-iliac technique pelvic screw. A: Sagittal; B: Coronal; C: Axial; D: Anterior-

posterior radiograph showing current position of navigation probe.

Figure 7 Pre-operative and post-operative radiographs in a patient with neuromuscular scoliosis who underwent T3 to pelvis instrumented posterior spinal
fusion using navigation to place pedicle screw and S2-alar-iliac technique instrumentation. A: Posteroanterior; B: Lateral; C: Anteroposterior; D: Lateral.

diameter 0.5 mm less than the desired screw diameter,
over the guide wire. The walls of the tract are palpated
one last time before the cannulated screw is placed over
the guide wire. Lastly the navigation probe is placed
down the cannulated screw to palpate a floor as well
as ensure the trajectory taken by the screw (Figure 6).
Final position of the S2AI screws align with the cepha-
lad instrumentation facilitating rod insertion. Figure 7
depicts a patient with neuromuscular scoliosis and pelvic
obliquity who had S2AI instrumentation placed during
an instrumented posterior fusion.

DISCUSSION

The extension of spinal instrumentation and fusion across
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the lumbosacral junction and into the pelvis is required in
a number of clinical scenarios in both children and adults.
In the pediatric population this is most commonly to
address pelvic obliquity in the neuromuscular population,
while in adults a common indication is to achieve rigid
distal anchors for correcting sagittal imbalance in the
setting of osteoporotic bone and to enhance the chances
of arthrodesis across the lumbosacral junction®®*?. Each
situation offers varying complexity with regard to the
insertion of implants, for example in pediatric patients in
which there may be variations in the relationship between
the iliac wings and the sacrum. We have also observed
that the isthmus may be quite narrow in some pediatric
patients, and the navigation allows us to identify this and
choose the optimal sized screw, which is important given
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the literature suggestion screw diameter < 8 mm are at
an increased risk of implant complicationst?.

We have utilized a CT guided approach for more than
10 years and have been satisfied with our ability to
safely place the implants, and this approach also serves
as a valuable training tool for our residents and fellows
who are being exposed to the challenge of lumbo-pelvic
fixation. Reports concerning both free hand instrum-
entation and navigation assisted instrumentation are
available™*®, The discussions include a comparison of
cost, radiation safety for patient/surgeon/staff, reliance
on technology, and associated risks with the learning
curve™ ™, At our institution the intra-operative CT dose
is extremely low and all faculty are prepared to place
without image guidance if the technology fails intra-
operatively™®.
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