
Pearls and pitfalls of posterior superior iliac spine reference frame placement
for spinal navigation: cadaveric series

*Brendan F. Judy, MD,1 Hector Soriano-Baron, MD,1 Yike Jin, MD,1 Hesham M. Zakaria, MD,1 Srujan Kopparapu, BS, BA,1

Mir Hussain, BS,2 Connor Pratt, BS,2 and Nicholas Theodore, MD1

1Department of Neurosurgery, Johns Hopkins Hospital, Baltimore, Maryland; and 2Globus Medical, Audobon, Pennsylvania

BACKGROUND Navigation and robotics are important tools in the spine surgeon’s armamentarium and use of these tools requires placement of a
reference frame. The posterior superior iliac spine (PSIS) is a commonly used site for reference frame placement, due to its location away from the
surgical corridor and its ability to provide solid fixation. Placement of a reference frame requires not only familiarity with proper technique, but also
command of the relevant anatomy.

OBSERVATIONS Cadaveric analysis demonstrates a significant difference in PSIS location in males versus females, and additionally provides
average thickness for accurate placement.

LESSONS In this technical note, the authors describe the precise technique for PSIS frame placement in addition to relevant anatomy and offer
solutions to commonly encountered problems.

https://thejns.org/doi/abs/10.3171/CASE21621

KEYWORDS navigation; robotic surgery; spine surgery

The use of neuronavigation has become increasingly prevalent
in spine surgery for accurate placement of spinal instrumenta-
tion.1 Many growing fields such as robotic spine surgery and
other minimally invasive spine surgical techniques rely heavily on
intraoperative registration and neuronavigation for proper instru-
mentation placement, particularly in situations in which direct
visualization of anatomy is not possible. Robotic spine surgery
with neuronavigation in particular has been shown to have favor-
able accuracy rates,2,3 decreased blood loss, and shorter hospi-
tal length of stay.4 Proper reference frame placement is
paramount to achieving the level of navigational accuracy needed
to perform these surgeries safely and efficiently. Multiple factors
influence placement of the reference frame, including patient
size, bone quality, gender, and skin elasticity. If the reference
frame is placed incorrectly, registration failure and navigation
deviation can occur, resulting in prolonged surgical and anesthe-
sia time, unacceptable screw placement, and ultimately patient
harm. Hartl et al.5 in a worldwide survey demonstrated that the

perceived increase in operative time associated with using spinal
navigation was a significant stated reason for its lack of use.
Therefore, accurate initial placement of the reference frame is
crucial for not only ensuring accuracy but also minimizing opera-
tive delay. The posterior superior iliac spine (PSIS) has been
shown to be an excellent location for reference frame placement
due to its location outside of the typical surgical corridor and the
ability to provide solid bony purchase.6 In this technical note, we
discuss the technique of reference frame placement in the PSIS,
highlighting the pearls and pitfalls of placement to ensure
success.

Study Description
Computed tomography scans of 21 cadavers, 7 females and 14

males, were analyzed using Globus proprietary software (Globus
Medical). The cadaveric measurements were analyzed using Micro-
soft Excel (Microsoft). Continuous variables were analyzed using
paired and unpaired t-tests.

ABBREVIATION PSIS = posterior superior iliac spine.
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Technique
Palpation

Placement of the reference frame in the PSIS utilizes anatomical
landmarks (Fig. 1). The PSIS is located lateral to the midline spi-
nous processes, and a review of 100 computed tomography scans7

showed that the craniocaudal location of the PSIS correlated 81%
of the time with that of the S2 spinous process. The PSIS may be
identified by first finding the more commonly palpated intercristal
line (also known as Jacoby line or Tuffier line; this line intersects
the most superior portion of the iliac crests) that approximates the
L4–5 intervertebral space. Starting with both hands on the intercris-
tal line, one can trace the iliac crests inferiorly and medially with
the thumbs. This leads to the PSIS caudally, which can then be pal-
pated and marked accordingly (Video 1).

VIDEO 1. Clip showing palpation of PSIS. Click here to view.

Approximation
Cadaveric analysis revealed a mean distance off midline of 5.09

cm with a statistically significant difference in female specimens
compared with male specimens (5.54 cm versus 4.86 cm, respec-
tively; p < 0.001) (Fig. 2). The mean thickness of the PSIS in the
anteroposterior orientation was 2.08 cm and the PSIS was 3.72 cm
superior to the sacroiliac joint in the craniocaudal orientation.

Placement
Once the PSIS is identified, a 1 cm vertical skin incision is made

approximately 2 cm inferior to the PSIS. The vertical incision
accounts for skin elasticity and prevents tension on the reference
frame post. An electrocautery device is used to control bleeding
and extend the incision to the bone surface. Local anesthetic is lib-
erally injected into the periosteum and surrounding soft tissues. A
blunt instrument (e.g., a Penfield 4) is then used to palpate the

boundaries of the PSIS and serves as a surrogate for placement,
which is particularly helpful in patients who are obese. The refer-
ence frame post is then inserted into the incision and directed 0°
mediolaterally and 30° to 40° angled toward the feet (Fig. 3). This
angle directs the reference frame away from the surgical corridor,
preventing inadvertent movement of the frame intraoperatively, and
the initial incision is made inferior to the PSIS to accommodate this
angle while avoiding stretching of the skin. A mallet is used to insert
the post into the PSIS approximately 1 to 2 cm (Fig. 4). Once the
frame post is placed, its stability must be verified by applying light
pressure on the base to ensure that the bony purchase is ade-
quate to prevent movement. The reference frame should then be

FIG. 1. A: Line b represents the intercristal line, which approximates the L4–5 disc space. Line c indicates
the PSIS and S2 foramen. B: The reference frame is inserted into the PSIS (red arrow). Image used with
permission from Dr. Robin Chakraverty/Wiley Publishing.

FIG. 2. The mean distance off midline, thickness, and distance from
the sacroiliac joint reported from 21 cadavers. **represents p value
< 0.001.
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positioned on the post such that it is close to the skin but not touch-
ing or depressing the skin surface. All fiducials need to be visible
and away from sterile drapes to ensure navigation registration and
integrity. Depending on the navigation system, a second surveil-
lance frame may be placed on the contralateral PSIS as an addi-
tional source of navigational accuracy (Fig. 3). Anteroposterior and
lateral radiographs are then obtained to sync the radiograph with
the preoperative computed tomography for registration of navigation
(Fig. 5); these images may be used to confirm appropriate place-
ment of reference frame.

The incision is closed using deep subcutaneous sutures in addi-
tion to a superficial subcutaneous layer. Glue or staples may be
used to close the skin.

Pearls and Pitfalls
It can be challenging to palpate anatomical landmarks in obese

patients, however, radiographs or C-arm can be used to confirm
location in such patients. In addition, a longer reference frame post
may be necessary to obtain adequate bony purchase while still
ensuring sufficient post extends above the fat and soft tissue to
attach the reference frame itself. It is essential to dissect fat and

soft tissue away in the intended angle of post placement to avoid
having any skin or soft tissue place pressure on the reference
frame, which can lead to movement of the post and subsequent
loss of registration accuracy. If poor bony purchase remains an
issue and the previous techniques mentioned have already been
attempted, further salvage techniques include driving the post far-
ther into the bone and finally using the other PSIS. If the post can-
not be placed, placement of an interspinous clamp is an alternative.
For patients with a high sacral slope, the reference frame can pre-
vent the steep trajectory of the robotic arm and may need to be
adjusted to point more inferiorly. For placement of S2-alar-iliac
screws, the reference frame may need to be angled laterally to pre-
vent intersecting the screw trajectory. Finally, there is a slight yet
statistically significant difference in male versus female PSIS loca-
tion that should be noted and considered when placing the refer-
ence frame post.

In terms of pitfalls, avoiding bicortical purchase may help prevent
pelvic organ injury. Avoiding medial placement, meanwhile, can pre-
vent poor bony purchase. The middle cluneal nerve is located medi-
ally, and the superior cluneal nerves are located on the superior
iliac crest laterally.8 Inferiorly and laterally, the superior gluteal

FIG. 3. A and B: Dynamic reference array placed in PSIS on right side of patient (prone position) and surveil-
lance frame in left PSIS. Right (R) and left (L) of patient are labeled accordingly. Lumbar minimally invasive
towers (B) with stabilizing cuffs are used for rod placement. C: Illustration of patient in prone position. The
PSIS reference marker is placed at a 30- to 40-degree angle toward the feet to avoid the surgical corridor.
C = cephalad; � = caudal.

FIG. 4. O-arm images demonstrate left PSIS marker inserted approximately 2 cm in the axial (A), sagittal (B), and anteroposterior (C) views.
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vessels are located in the superior portion of the sciatic notch. The
inferior portion of the notch contains the sciatic nerve, inferior glu-
teal nerve and vessels in addition to the internal pudendal vessels
and nerve.8 The bone thins laterally along the iliac crest, and bicort-
ical placement in this region can injure the psoas muscle. If bleed-
ing is encountered during placement of PSIS, it is most often bony
bleeding that will stop with irrigation and time. If the bleeding is
excessive and does not stop with irrigation and compression, it is
possible that an artery has been injured. In this situation, the case
should be stopped to obtain vascular imaging and/or vascular sur-
gery consult. Likewise, if there is concern that an abdominal injury
has occurred due to bleeding or hemodynamic changes, the sur-
gery should be halted and general surgery should be notified imme-
diately. If the surgeon is concerned with navigation integrity, the first
step is to perform a landmark verification. This can be done by
placing the handheld wand on a known landmark (e.g., L4 lamina)
to see if the navigation correlates with known anatomical land-
marks. If the navigation is noted to be inaccurate, the navigation
must be reregistered immediately.9 Finally, issues such as wound
healing and infection are rare with Best et al.6 reporting no compli-
cations with healing of PSIS incision sites in 272 patients.

Discussion
Observations

Our cadaveric analysis demonstrates a significant difference in
PSIS location in males versus females, and additionally provides aver-
age thickness for accurate placement. This difference in PSIS location
off the midline has not been previously reported. The use of image-
guided navigation and robotic-assisted spine surgery are increasing
rapidly, and correct placement of the reference frame for navigation is
essential for proper instrumentation. For lumbosacral surgical proce-
dures, the PSIS is the preferred location for the reference frame, as
this location avoids obstruction of instrumentation trajectory, prevents
blocking the visualization of the surgical corridor, evades streak artifact,
and provides enhanced stability of the reference frame.6,10

Lessons
Combining anatomical landmarks, palpation, and radiographic tech-

niques, the PSIS can be easily accessed for reference frame place-
ment with solid bony purchase and avoidance of the surgical corridor.
This is a well-tolerated technique that can be performed safely and
efficiently. The main limitations of this study are the small sample size

(21 cadavers) and the unknown clinical significance of the gender dif-
ference in PSIS location. This study contributes to the current literature
on navigation in spine surgery with the goal of increasing patient safety
and improving navigation accuracy and precision.
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Supplemental Information
Videos

Video 1. https://vimeo.com/658994652.

FIG. 5. Reference frame placed in PSIS on right side of patient (prone
position) and surveillance frame in left PSIS in anteroposterior (A) and
lateral radiographs (B). This patient had undergone prior lumbar
fusion.
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