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Abstract: Achieving fixation and fusion across the lumbosacral junction has been a challenge for spinal
deformity surgeons ever since the development of instrumentation. The S2 alar-iliac (S2AI) trajectory has
been introduced as a method of pelvic fixation to decrease strain on S1 screws. The S2AI screws differ
in several ways from traditional iliac screws. The trajectory of these screws helps avoid the use of offset
connectors due to the screws alignment with the proximal pedicle screw instrumentation. Current literature
shows that S2AI screws are effective with low complication rates, but the path of these screws is intimately
associated with major neural and vascular structures. Use of robotic guidance to obtain the correct trajectory
has been shown to be both safe and effective in obtaining proper trajectory of S2AI screws with over 95%
accuracy. Herein, we report on the technical considerations and radiographic outcomes surrounding robotic

and freehand insertion of S2AI screws.

Keywords: Robotics; S2 alar-iliac (S2AI); spinopelvic; deformity; instrumentation

Submitted May 23, 2018. Accepted for publication Jun 06, 2018.
doi: 10.21037/js5.2018.06.13
View this article at: http://dx.doi.org/10.21037/js5.2018.06.13

Introduction reduction of high grade spondylolisthesis, and extensive
lumbosacral tumor resection (3-5).

S2AI screws have a different starting point and corridor
than traditional iliac screws. The starting point for the S2AI
screw is Imm inferior and lateral to the S1 dorsal foramen.
The screw is angulated 40° inferiorly and 40° laterally from
a line connecting the PSIS and unlike iliac bolts, crosses the
sacroiliac (SI) joint (6,7). The traditional S2AT technique,
as described by Drs. Sponseller and Kebaish ez a/., was
fluoroscopically guided to prevent damage to surrounding

Rigid internal fixation is necessary for successful reduction,
stabilization and eventual fusion in spinal deformity surgery.
The often-excessive stress across the lumbosacral junction
creates a difficult situation for the deformity surgeon in
terms of obtaining stable fixation. The use of bilateral
S1 tri-cortical screws alone may lead to loss of fixation,
pseudarthrosis, and other poor outcomes (1,2). Sacropelvic
fixation, particularly in the form of S2 alar-iliac (S2AI)

screws decreases the amount of strain on the S1 screws and
may help to prevent these complications. These screws can
be utilized in osteoporotic patients with long constructs,
patients with significant pelvic obliquity, those with
unstable sacral fractures, three column lumbar osteotomies,
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structures in the sciatic notch and pelvis. Recently,
Shillingford ez 4l have described the method for freechand
placement of these screws without fluoroscopic guidance (8).

Floor and bone-mounted robotic systems with surgical
arms have been developed in order to increase the precision
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Figure 1 Locking the BMB onto the selected platform option.
BMB, bone mount bridge.

of S2AI screw placement and to provide the surgeon with
the ability to plan the trajectory of the screw pre-operatively
and intra-operatively through use of computed tomography
(CT) imaging. Robotic assisted S2AI technique was shown
to be safe and effective with over 95% accuracy and without
complication due to robotic assisted spinopelvic fixation (9).
Herein, we report the first study in the literature to
compare the technical aspects of robotic and freehand S2AI
screw insertion.

Robotic S2Al surgical technique
Preoperative surgical plan

@ Obtain thin cut (1 mm) CT scan of patient for
preoperative planning;

(II)  Using proprietary software, plan S2AI screw start
points, trajectories, diameters and lengths.

Selection of appropriate bone mount platform

Note: four options are provided for affixing the bone
mount bridge (BMB) to the patient’s bony anatomy: clamp,
dual clamp, Schanz screw, or link bridge. Our preferred
technique involves the insertion of a Schanz screw into the
iliac crest. When fixed to the iliac crest, the Schanz Screw
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platform provides operational reach from vertebrae L3
through S2 via a posterior incision.
@ Make a stab incision over the iliac crest at the
desired site;
) Load the Schanz screw into the power drill and
drill the screw into the iliac crest at the desired site;
(III)  Place the Schanz screw ball adapter onto the
Schanz screw and lock it into position using the
universal screwdriver.

Selecting the BMIB and affixing to the bony anatomy

Note: the BMB connects the Schanz screw to the base of
robotic arm. The bridges are available in four positioning
angles: 0, 15, 30 and 45 degrees. The surgeon must select
the most appropriate angle for the patient’s anatomy.

@ Hold BMB in position ready to mount onto the
draped surgical arm;

(I  Align bridge locating pins and screws with the
grooves and screw holes located on the surgical arm;

(IIT)  Fasten two screws into place using the supplied
screwdriver until the BMB locks into place;

(IV)  Adjust BMB to the required angle to match the
patient’s anatomy and then attach the BMB to
the Schanz screw;

(V) Prior to commencing operation, adjust the
BMB to the corresponding angle of the patient’s
anatomy and then attach the BMB to the Schanz
screw (Figure 1);

(VI)  After unlocking the shoulder joints, bring the
BMB toward the platform and approximate the
end of the BMB to the ball, advance the BMB to
receive the ball, and tighten the screw at the tip
of the BMB.

Registration of the robotic guidance with
fluoroscopic images

Note: the robotic surgical guidance platform requires the
surgeon to capture a number of AP and oblique images with
the surgical arm in position. In the following steps, while
each of the images is being acquired by the robotic software,
it is monitoring the position of the surgical arm and basing
its calculations on that position.
@ Mount the 3D marker on top of the target
extender and screw it in position with the 3D
marker screw (Figure 2);
1) Insert the other end of the target extender into
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Figure 2 Mounting the 3D marker on top of the target extender.

Figure 3 Sliding the target extender screw into the top of the arm
guide.

the arm guide;

(III)  Slide the target extender over the base of the arm
guide taking care to align the notch at the end of
the target extender with the locating pin on the
arm guide;

(IV)  Slide the target extender screw (Figure 3) into the
top of the arm guide, then screw it in completely.
It is an important distinction to understand that
the arm guide connects the target extender to the
tip of the robotic arm, while the BMB connects
the Schanz screw to the base of the robotic arm.

(V) Lock the target extender into position with the
target extender screw;

(VI)  Acquire the AP and oblique fluoroscopic image.
Ensure the entire region of interest and 3D
marker pattern are visible in the image;
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Figure 4 Inserting the blunt trochar and cannula into the arm
guide.

(VII) When the desired image is displayed in the
acquisition window, tap to capture button to
capture and save the image.

Activating the surgical arm and commencing
instrumentation

Note: prior to moving the surgical arm to the preoperatively
planned screw trajectories, a list of suggested optimal
configurations for reaching the trajectory is available, and
the surgeon has the option to run an animated simulation
of movement of the surgical arm. Once the trajectory is
confirmed, the target extender is detached from the arm
guide. After computer verification, a message will appear
on the surgical monitor stating that the robot is ready for
drilling and instrumentation.

@ Make an incision with a number 11 scalpel blade
by inserting the scalpel through the arm guide
and puncturing the skin/muscle fascia;

1D Take the blunt trocar and insert it into the cannula
of the indicated length, then slide the indicated
cannula through the arm guide (Figure 4);

(III)  Push and rotate the blunt trocar toward the bony
anatomy clearing a path through the muscles for
the cannula—gently tap the bony anatomy with
the blunt trocar. It is very important to note that

7 Spine Surg 2018;4(3):638-644



Journal of Spine Surgery, Vol 4, No 3 September 2018

Figure 6 K-wire pulled through the slit in the arm guide.

if the blunt skives off of the bony surface, then
the docking surface is inclined and needs to be
flattened;

(IV)  Slide the cannula over the blunt trocar until the

engraved line is seen near the top of the trocar;
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W) Remove the blunt trocar and leave the cannula in
position;

(VI)  Take the drill guide with the same color code as
the cannula and insert it into the cannula (Figure 5);

(VII) With the mallet, gently tap the top of the drill
guide. Check that the drill guide is well docked
by applying gentle torque to its head;

(VIII) Take the appropriate (long/short, 3 or 2.4 mm)
drill bit and secure it within the high-speed drill;

(IX)  Without drilling, insert the drill bit into the drill
guide until it contacts bone;

(X)  While holding the high-speed drill with one
hand and the drill guide with the other, begin
rotation of the drill bit to maximum speed and
insert the drill bit into the bone with moderate
force;

(XI) Remove the drill bit and insert the reduction
tube through the drill guide;

(XII) Inserta K-wire into the reduction tube by gently
tapping the wire and ensuring its purchase in
bone;

(XIII) Remove the drill guide, cannula, and reduction
tube, while leaving the K-wire in place;

(XIV) Gently pull the K-wire through the slit on the
robotic arm (Figure 6), allowing it to proceed in
its movement to the next trajectory and leaving
the K-wire seated in bone;

(XV)  Repeat from step 1 until all required trajectories
for the segment are drilled and a K-wire is placed
in each one;

(XVI) After K-wire placement, tapping proceeds in
typical fashion. A cannulated tap is inserted over
the K-wire;

(XVII) On removal of the tap, downward pressure is
placed on the K-wire to prevent inadvertent
removal;

(XVIID)A cannulated screw is placed over the K-wire into
the tapped and predetermined trajectory.

Freehand S2Al surgical technique

Note: the S2AI screw is most commonly inserted from the
contralateral side of the patient. Freehand screw placement
begins with subperiosteal dissection of the S2AT starting
point and the posterior superior iliac spine (PSIS). The
entry point is located just lateral to the midpoint of the S1
and S2 foramen, and mediolaterally, it should be in line with
the S1 screw (Figure 7, cross-section of dotted lines).
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Figure 7 Probe directed toward the AIIS perpendicular to the sacral laminar slope. AIIS, anterior inferior iliac spine.

Figure 8 Rotation of the curved tip of the gearshift anteriorly as the probe is advanced through the SI joint. S, sacroiliac.

@
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Use a high-speed burr to establish a 5 mm deep
cortical breach at the screw entry point;

A curved blunt-tipped gearshift is advanced
toward the SI joint with the curved tip directed
posteriorly (dorsally) to avoid anterior perforation;
Direct the probe towards the anterior inferior
iliac spine (AILS) by aiming perpendicular to the
sacral laminar slope and cephalad to the inferior
tip of the PSIS, thus avoiding the sciatic notch
inferiorly (Figure 7);

Remove the gearshift when the hard, cortical
surface of the SI joint has been reached, typically
at a depth of about 50 mm;

Palpate the tract with a flexible ball-tipped pedicle
sounding probe to confirm an intraosseous
trajectory for the screw with the presence of

© Journal of Spine Surgery. All rights reserved.

VD
(VID)

(VIID)

IX)

X)

XD

jss.amegroups.com

a floor and four intact bony walls (anterior,
posterior, superior and inferior);

Reinsert the gearshift to the original depth;
Rotate the curved tip to point anteriorly
(ventrally) as the gearshift is advanced through
the SI joint (Figure 8);

Advance the gearshift toward the AIIS in a
smooth consistent manner to a depth of about
70-90 mmy;

Remove the gearshift and again confirm
intraosseous placement with the ball-tipped
pedicle sounding probe;

Use a hemostat clamp to document screw length
on the ball-tipped probe;

Under-tap the S2AI trajectory 1-2 mm less than
desired screw diameter;
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(XII) Once again, confirm the intraosseous path and
screw length;

(XIII) The screw is then inserted (typically with a
powered drill) in the direction of the established
S2AI path.

Discussion

There are a number of reasons for the increased use of
S2AI screws for spinopelvic fixation in spinal deformity and
complex lumbar degenerative surgery. Because the screws
cross three cortical surfaces, including the SI joint, they
are afforded increased biomechanical stability compared to
traditional methods of iliac fixation. After the screw crosses
the SI joint, it comes into close proximity to the dense area
just superior to the greater sciatic notch anchoring the
screw in high quality bone. Additionally, due to their entry
point and trajectories, these screws align well with proximal
instrumentation and do not require extensive dissection or
offset connectors (10).

The corridor for S2AI screws, although ideal in terms
of fixation and screw prominence, is in close proximity
to several important neurological and vascular structures.
Inferiorly lies the sciatic foramen, while posteriorly and
postero-superiorly lies the superior gluteal vessels and
nerves (11-13). Anterior structures in the pelvis include
the bowel, nerve roots (L5 and S1), sympathetic chain
ganglia, and common iliac vessels (14). Therefore, accurate
and efficient placement of S2AI screws is necessary to
avoid inadvertent injury to these associated neurovascular
structures.

In a propensity matched analysis of robotic versus
freehand S2AI screws, Shillingford er 4/. reported overall
accuracy rates of 97.8% and 94.9%, respectively. In both
groups, there were no inferior screw violations, which
would potentially place the sciatic nerve and superior gluteal
neurovascular bundle at risk. There was an overall 5% rate
of posterior cortical violation and 2% incidence of anterior
cortex violation (8). Similarly, Hu and Lieberman reported
no breaches or complications in a series of 35 robotically
placed S2AI screws (15).

The S2AI technique allows for rigid and low-profile
spinopelvic fixation in spinal deformity and complex
lumbar degenerative surgery. Both freehand and robotic-
guided S2AI screw placement prove to be safe and reliable
techniques for achieving spinopelvic fixation. We describe
a step-by-step protocol of achieving safe and effective
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spinopelvic fixation with both robotic and freehand
techniques (16).
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