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A B S T R A C T

Introduction: A preoperative planning approach for percutaneous screw fixation of the iliosacral joint
provides specific entry points (EPs) and aiming points (APs) of intraosseous screw pathways (as defined
by CT scans) for lateral fluoroscopic projections used intraoperatively. The potential to achieve the
recommended EPs and APs, to obtain an ideal screw position (perpendicular to the iliosacral joint), to
avoid occurrence of extraosseous screw misplacement, to reduce the operating time and the radiation
exposure by utilizing this planning approach have not been described yet.
Methods: On preoperative CT scans of eight human cadaveric specimen individual EPs and APs were
identified and transferred to the lateral fluoroscopic projection using a coordinate system with the zero-
point in the center of the posterior cortex of the S1 vertebral body (x-axis parallel to upper S1 endplate).
Distances were expressed in relation to the anteroposterior distance of the S1 upper endplate (in%). In
each specimen on one side a screw was placed with provided EP and AP (New Technique) whereas at the
contralateral side a screw was placed without given EP and AP (Conventional Technique). Both
techniques were compared using postoperative CT scans to assess distances between predefined EPs and
APs and the actually obtained EPs and APs, screw angulations in relation to the iliosacral joint in coronal
and axial planes and the occurrence of any extraosseous screw misplacement. The “operating time (OT)”
and the “time under fluoroscopy (TUF)” were recorded. Statistical analysis was performed by the
Wilcoxon signed-rank test.
Results: EPs were realized significantly more accurate using the new technique in vertical direction. The
screw positions in relation to the iliosacral joint showed no significant difference between both
techniques. Both techniques had one aberrantly placed screw outside the safe corridor. The (mean � SD)
“OT” and the (mean � SD) “TUF” were significantly decreased using the new technique compared to the
conventional technique (OT: 7.6 � 2 min versus 13.1 �5.8 min, p = 0.012; TUF: 1.5 � 0.8 min versus
2.2 � 1.1 min).
Conclusion: The presented preoperative planning approach increases the accuracy in percutaneous screw
fixation of the iliosacral joint, reduces operating time and minimizes radiation exposure to patient and
staff.

© 2017 Published by Elsevier Ltd.

Introduction

Percutaneous placement of iliosacral screws at the level of S1 is
an established technique for stabilization of the posterior pelvic

ring following traumatic injury [1–5] in addition to pathologic [6]
or insufficiency fractures [7]. Advantageous features of this
technique as a result of the percutaneous approach include
minimal soft tissue disruption, negligible blood loss, and shorter
operative time. However, the technique is demanding, and requires
a good three-dimensional understanding of the anatomy. Hence,
there are a number of possible complications which are associated
with aberrant screw placement, and can lead to significant
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complications [4,8–14]. These complications include penetration
in to the spinal canal posteriorly, breach of the anterior cortex
causing L5 root entrapment, malpositioning into the S1 foramen,
and rarely injury to the superior gluteal artery when placed into
the sciatic notch.

The classic technique described for S1 screw placement
requires two-dimensional (2D) fluoroscopy with the patient either
in supine or prone position [2,5,9,15–17]. While this technique is
cost-effective and easy to apply, it is unreliable at times due to
patient- and injury-related factors [18], misinterpretation of the
2D images, and deviations from normal anatomy [19–24].
Moreover, the radiation exposure to patient and staff due to
extensive use of fluoroscopy can be relevant [25]. Various other
techniques have been employed in an attempt to improve these
issues. These techniques are mostly dependent on surgical
navigation systems, and include 2D fluoroscopy, 3D computed-
tomography (CT), statistical shape models, or a combination of
these techniques [6,25–42]. It is generally accepted that these
computational aids decrease radiation exposure and increase the
accuracy of screw placement. These techniques are also associated
with downsides including the logistic effort as navigation systems
are not generally available in all institutions, the radiation
exposure to the patient (preoperative CT scan), and the limited
applicability to trauma cases with unstable anatomy. Other
investigations have aimed to understand sacral morphology and
radiographic projections in greater detail and have tried to define
relevant implications for definition of a “safe corridor” for screw
placement [19–24,36,43–48].

Our group recently investigated a safe pathway for S1 screw
placement based on predefined, patient specific entry (EP) and
aiming points (AP) in a radiographic study employing 100 CT scans
[49]. Based on this study, the objectives of the current cadaveric
investigation were to assess:

(1) The accuracy with which the EP and AP can be realized intra-
operatively, and whether there were differences in realization
of EP and AP when utilizing the new technique (where EP and
AP are provided) compared to the conventional “freehand”
fluoroscopy based technique (where the surgeon chooses the
EP and AP).

(2) The clinical relevance of the technique (reduction of radiation,
operative time, aberrant screw placement) compared to a
traditional “freehand” fluoroscopy based technique.

Methods

Specimen and preoperative planning

We used 8 human cadaveric specimens. The use of the human
cadaveric material was performed according to the Guidelines of
the Swiss Academy of Medical Sciences. Donors have formally
agreed the use of body parts for research purposes by signing the
donation forms. Preoperative CT scans of the specimens were
obtained, and the safe corridor for screw placement was defined
using the technique previously reported in detail [49].

Surgical technique

A single surgeon with less than ten clinical experiences with the
conventional technique performed all interventions. Cadavers
were placed in supine position on a radiolucent operating table.
Fluoroscopic control with alternating lateral, anteroposterior, inlet
and outlet views of the pelvis were used to identify radiographic
landmarks including the upper end of the first sacral vertebra, the
iliac cortical density line, the greater sciatic notch, the upper nerve

root tunnel, the anterior sacral cortex, and the neural foramina. To
obtain true lateral views of the pelvis the lines of the greater sciatic
foramen and the cortical density lines have to coincide. Anatomic
landmarks, namely the tip of the greater trochanter (TGT) and the
anterior superior iliac spine (ASIS) are palpated and marked on the
skin. The longitudinal axis of the femur is marked and extended “in
line” above the TGT up to the level of the iliac crest. A second line is
marked from the ASIS running in a posterior direction vertical to
the frontal plane of the cadaver. The skin is incised (about 1–2 cm
long, vertical in direction) slightly dorsocaudal to the intersection
of these two lines. To ensure a minimal radiation dose, the image
intensifier is used according to the ALARA (as low as reasonable
achievable) principle. While this was performed in the same
manner for each procedure, the surgeon then randomly chose one
side per pelvis to perform the operation using either the
conventional or the new technique with the predefined EP and
AP (Fig.1). After the first screw was placed in each sacrum, CT scans
were obtained. The first screw was removed in order to minimize
bias. Upon completion, the contralateral side was treated using the
technique not employed in the first fixation. Again, postoperative
CT scans were obtained. As preoperatively, all postoperative CT
scans were reconstructed in axial and coronal reconstruction as
previously described [49].

Assessments

Using the coordinate system shown in Fig. 1, the actual EP and
AP of the screws were plotted and the distances from the
recommended AP and EP were measured (for both techniques,
since the EP and AP had been calculated for both sides due to
possible randomization). These values were compared for the
conventional and the new technique. Furthermore, screw place-
ment was assessed in terms of perpendicular entry to the iliosacral
joint lines, as well as via occurrence of screw malposition. Finally,
operative time and time under fluoroscopy was recorded.

Fig.1. The coordinate system presented to the surgeon is shown. It is constructed of
an x and y axis with the zero point located centrally at the posterior border of S1. The
dimensions are plotted as a percentage in relation to the dimension of the S1
endplate. The grey dot marks the entry point (EP) and the white dot the aiming
point (AP). These points were assessed on reconstructed CT scans as previously
described [49]. In brief, the AP and EP derive from the horizontal and vertical
distances of safe trajectories to the posterior border of S1 and the S1 endplate and
are transferred from axial and coronal planes to the sagittal superimpositions,
which correspond to the lateral image intensifier view.
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