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ABSTRACT

Background: The conventional entry point for the S1 pedicle screw insertion has been described as ‘at the base of and
lateral to the superior S1 superior facet’. However, many orthopaedic surgeons complain that this technique is extremely
demanding and is faced with many challenges in execution. Therefore, alternative entry points and modifications of
existing techniques are explored for a greater convenience.

Methods: We conducted a survey amongst 136 spine surgeons on the technical difficulties faced during insertion of the
S1 pedicle screw. We also classified the S1 pedicles based by measuring their geometric parameters on 100 random
computed tomography (CT) images.

Results: The S1 pedicle entry technique was considered to be the most difficult and challenging by the orthopaedic
surgeons in our survey due to an inadequate medial angulation due to paraspinal muscle mass tension and an
overhanging iliac crest. This could be explained by the hourglass shaped pedicle (type 3) with a desired medial angle
more 50 degrees (type 1) observed as the most common S1 pedicle in the study population. To overcome this
limitation, most of them preferred a tri-corticate approach.

Conclusions: A more lateral entry point and a longer screw might be considered as solutions for a better and safer S1
pedicle entry. Also, the use of pre-operative CT can be considered to visualize the type of S1 pedicle and hence, decide

on the most appropriate technique of screw insertion.
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INTRODUCTION

Pedicle screw fixation of the S1 vertebra has been
employed as a technique for stabilization of the lumbo-
sacral spine as a management of degenerative disc diseases
such as spondylolistheses, spinal deformities, traumatic or
pathologic fractures, infections and malignancies
(primaries as well as osteolytic metastases).'® The
conventional entry point for inserting the screw into the S1
pedicle has been reported to be ‘below and lateral to the
superior S1 facet’.” This technique was originally
described by Carlson et al and Smith et al as a modification
of Roy-Camill’s technique which involved introducing
converging screws medially.®*° By performing pull-out
tests on cadaveric pelvises, Lee et al has demonstrated that

the fixation of S1 pedicle screws by entering through the
superior articular process provides multiple biomechanical
advantages over other conventional methods of screw
insertion.

However, this technique of S1 pedicle screw insertion is
met with many challenges by the orthopaedic surgeons
during insertion of the screw. The entry point for the S1
screw is not clearly defined, compounded by the fact that
the pedicle extends laterally into the sacral ala by
Kubaszewski et al. It is also difficult to achieve a desired
medial angulation due to inadequate retraction of the
paraspinal muscles as a result of the overhanging iliac
crests. Moreover, the sacrum is predominantly composed
of cancellous bone, which inherently increases the risk of
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loosening of the screw.'?> Mobbs et al in their review have
enlisted the small size of the S1 pedicle, the proximity of
the screw head to L5 vertebra, sclerotic pedicles, and
changing direction with the percutaneous screw insertion
as some of the technical challenges encountered during
this procedure.®® In order to overcome these associated
challenges, various orthopaedic surgeons tend to use
modifications of the S1 pedicle screw insertion technique.

There is also a risk of severe complications associated with
an inaccurate performance of this procedure. A review of
279 patients who underwent lumbosacral fusion for
degenerative spinal disease with stenosis revealed a
significantly greater violation of the superior-level facet
with percutaneous pedicle screw fixations as against open
surgeries.* Moreover, inaccuracies in the screw placement
can cause vascular and neurologic injuries and
complications.516

More recently, the geometric parameters of the vertebrae
have also been identified as important contributors to the
technical challenges faced by surgeons during the S1
pedicle screw insertion. Differences in the depth and width
of the vertebral endplates, posterior vertebral height,
pedicle width, and height, average circumference and
average surface area of the discs from L3 to S1 levels has
been reported in an analysis of CT images from 126
patients.t”1® Nevertheless, the existing literature does not
identify the various shapes of the S1 pedicles, nor does it
assess the impact of these shape variations on the ease and
results of the screw insertion.

Aim and objective

We conducted this study to classify the S1 pedicles based
on their geometric parameters, to assess whether this has
any impact on the S1 pedicle screw insertion technique and
to standardize the technique for screw insertion so as to
eliminate the effect of these shape variations and to
improve the overall performance of the technique.
METHODS

Study design

The study was of observational study.

Patient sample

One hundred patients were included in the study.

We have done S1 vertebra CT scans for random 100
patients who were getting CT scan for other abdominal
emergencies.

Study place

The study carried out at Seth G. S. medical college and
KEM hospital, Mumbai.

Study period
The study carried out from June 2020 to October 2020.

We first conducted a survey among more than 130 spine
surgeons using a pre-designed, validated questionnaire so
as to identify the technical difficulties faced by them
during S1 pedicle screw insertion. We then measured the
dimensions of the S1 pedicles along both the axial (Figure
1) and sagittal (Figure 2) planes in 100 computed
tomography (CT) scans obtained from 100 random
patients and determined the S1 pedicle height, width,
transverse angle and the chord length at Seth G. S. medical
college and KEM hospital, Mumbai. The pedicle height
and width were measured at three specific points on either
side: at the junction of the vertebral body and pedicle, at
the middle of the pedicle along the pedicle axis, and at the
end of the pedicle. All the above measurements were
performed using the post DICOM software.

No ethics approval was taken as sample of the study were
patients who were getting CT scan for other abdominal
emergencies.

Figure 1: Measurement of S1 pedicle dimensions in

the axial plane on CT scan.
K: width of the pedicle at the junction of “beginning of vertebral
body and end of pedicle”. L: width of the pedicle in middle along
the pedicle axis. M: width of the pedicle at the posterior end of
pedicle. N: transverse pedicle angle formed between pedicle axis
and the midline connecting sacral body anteriorly and spinous
process posteriorly. O: chord length (mm) measured as the
distance between the posterior cortical entry point of the pedicle
and the anterior vertebra body cortex in line with the pedicle axis.
(It represents the maximum length that a screw can be inserted
into a pedicle).
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Figure 2: Measurement of S1 pedicle dimensions in
the sagittal plane on CT scan.

A, B, C: heights of the pedicle at the anterior margin, middle,
and posterior margins of S1 pedicle. D: angle formed between
line parallel to superior end plate of vertebra and along the
pedicle axis. E: chord length (mm) measured as in the axial
plane.

Inclusion criteria

Patients who were getting CT scan for other abdominal
emergencies.

Exclusion criteria

Patients with sacral ala, sacrum fracture, lumbar fracture,
patients with degenerative spine changes, patients with
spondylolisthesis changes, patients with dysplastic spine,
patients previously operated for spinal surgeries including
decompression and instrumentation and patients with
congenital spinal abnormalities were excluded from the
study.

Data was entered into Microsoft excel (Windows 7;
version 2007) and analyses were done using the statistical
package for social sciences (SPSS) for Windows software
(version 22.0; SPSS Inc, Chicago)

Outcome measures

Modified technique and better hold of S1 pedicle screw
based on pre op CT scan variables like pedicle shape
determined by height, width, chord length and medial
angulation of pedicle.

RESULTS

In the survey conducted on orthopaedic surgeons, we
obtained the following responses:

Most difficult pedicle entry between L1 and S1 vertebrae

Seventy-eight percent of the surgeons (n=103) opined that
between L1 to S1, entry into the S1 pedicle is the most
difficult, followed by 16.7% (n=22) for the L5 pedicle
(Figure 3).

Most difficult pedicle screw entry from L1-51

132 responses
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Figure 3: Surgeons’ response to the most difficult
pedicle entry between L1 and S1 vertebrae.

Preferred methods for pedicle fixation with screws

Almost 60% of the surgeons (n = 82) preferred a tricortical
fixation (screw aimed at anterosuperior corner of S1 end
plate) over bicortical (32.4%, n=44) and unicortical (7.4%,
n=10) fixation methods, due to various reasons related to
the geometrical variations in the pedicle shape (Figure 4).

Which is a preferable fixation -

136 responses

@ unicortical
@ bicortical
tricortical [ towards promontory]

Figure 4: Surgeons’ response to the preferred
methods for pedicle fixation with screws.

Obstacles for the ideal trajectory to the S1 pedicle screws

Around 74% of the surgeons (n=101) replied that an
inadequate medial angulation due to paraspinal muscle
mass tension and an overhanging iliac crest were the major
obstacles for correct entry and positioning of the S1
pedicle screws (Figure 5).

What are the obstacles for ideal trajectory, for S1pedicle screws?
136 responses

@ inadequate medial angulation

Figure 5: Surgeons’ response to obstacles for the ideal
trajectory to the S1 pedicle screws.
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Possibility of modification in the entry point of pedicle
screw

Around half of the surgeons (51.9%, n=69) opined that the
entry point of the pedicle screw can be modified depending
upon the variations in the shape of S1 pedicle, while 36.1%
(n=48) were unsure about the same and 12% (n=16)
replied in the negative (Figure 6).

Entry point of the pedicle screw can be modified depending upon the variations in the shape of 51
pedicle?

133 responses

® v
o No
Maybe

Figure 6: Surgeons’ response to the possibility of
modification in the entry point of pedicle screw.

Possibility of variation in the final purchase of the
pedicle screw

Almost half of the surgeons (51.5%, n=70) were of the
opinion that the final purchase of the S1 pedicle screw can
be modified depending upon the variations in the shape of
S1 pedicle, while the remaining 48.5% (n=66) replied in
the negative (Figure 7).

In the second part of our study, we made an attempt to
classify the S1 pedicles based on the shape and the medial
angulation of long axis of the pedicle in the axial plane into
4 types. As no such classification has been previously
proposed in the literature, we relied upon the findings
obtained from the 100 CT scans we evaluated in our study
and the measurements of the S1 pedicle dimensions
obtained from them.

Do you think final purchase of the screw varies with the shape of $1pedicle?
136 responses

@ ves
Mo

Figure 7: Surgeons’ response to the possibility of
variation in the final purchase of the pedicle screw.

Classification of S1 pedicles based on shape

We classified the S1 pedicles into four shapes as observed
in our study: reverse cone, cylinder / oval, hourglass, and

cone (Table 1, Figure 8). We observed that the hourglass
pedicle was the most common shape (incidence of 75%),
followed by cone (13.5%), reverse cone (10%) and
cylinder (1.5%) (Table 1). Interestingly, we also observed
that the shape of the pedicle in same individual also varied
in many cases between left and right sides (Table 1).

Table 1: Classification of S1 pedicles based on shape.

Type Characteristics Incidence
K>L>M
Type 1: The posterior third ~ Right: 13/100
Reversé of the pedicle is the  Left: 7/100
cone narrowest and the Mean: 10/100
anterior third is the  Incidence: 10%
broadest.
K=L=M
Type 2: The anter?or third, Right: 2/100
Cylindér/ mlddlg thlr(_i and the  Left: 1/100
oval posterior third of Mean: 1.5/100
the pedicle are of Incidence: 1.5%
the same width.
K>L<M
;zepr:é?glfitsh"d of  Right: 76/100
Type 3: Left: 74/100
Hourglass TEIGS: S as Mean: 75/100
compared with . )
. Incidence: 75%
anterior and
posterior thirds.
K<L<M
The anterior third Right: 10/100
Type 4: of the pedicle isthe  Left: 17/100
Cone narrowest and the Mean: 13.5/100
posterior third Incidence: 13.5%
broadest.

il

Figure 8: Shapes of S1 pedicle.
A: Reverse cone. B: Cylinder. C: Hourglass. D: Cone.

Classification of S1 pedicles based on medial angulation

We also classified pedicles into three types based on their
medial angulation as 30-40°, 40-50° and greater than 50°
(Table 2). Most of the pedicles (around 70%) had their
medial angles greater than 50° (Type I11) (Table 2).
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Table 2: Classification of S1 pedicles based on medial

angulation.
Type Incidence (%)
Type I: 30-40° 45
Type I1: 40-50° 29.5
Type I11: >50° 69.5

We then combined the classification of pedicles according
to their shape and angulation and observed the type 3 shape
(hourglass) with the type 111 angle (> 50°) to be the most
common (Table 3), as these were the most common types
of pedicles in their respective groups.

Table 3: Combination of the classification of pedicles
based on their shape and medial angulation.

Type Incidence (%)

Type 1 pedicle with type Il angle 2
Type 1 pedicle with type 11l angle 5.5
Type 3 pedicle with type Il angle  26.5
Type 3 pedicle with type 11l angle  54.5

Pedicle height

The height of the S1 pedicle was measured at three
different points (anterior, middle and posterior margins) in
the sagittal plane (Table 4).

Table 4: Pedicle height measured at 3 different points
(anterior, middle and posterior margins) in sagittal

plane.

| Side Mean + SD (mm)  Range (mm) |
Sagittal right
Anterior margin  12.62+2.87 7.6-19.7
Middle margin 10.46+2.68 8.07-18.28
Posterior margin  12.31+£2.23 6.94-17.65
Sagittal left
Anterior margin  12.47+2.96 5.67-19.65
Middle margin 10.24+2.95 3.54-17.38
Posterior margin  12.34+2.83 6.1-20.31

Pedicle width

The pedicle width was measured at three different points
(at the junction of vertebral body and pedicle, in the middle
along the pedicle axis, and at the posterior end of the
pedicle) in the axial plane (Table 5).

Angle between superior end plate of S1 vertebra and
pedicle axis

The angle between the superior end plate of S1 vertebra
and pedicle axis was measured on both sagittal and axial
planes on both the sides (Table 6).

Table 5: Pedicle width measured at three different
points in the axial plane.

+
Axial right
Junction of vertebral
body and pedicle
In the middle along the
pedicle axis
Posterior end of pedicle
Axial left
Junction of vertebral
body and pedicle
In the middle along the
pedicle axis
Posterior end of pedicle

16.91+3.76 8.38-24.95

15.01+4.07 6.23-26.27
16.50+4.03  7.36-27.40

17.88+4.01 9.61-26.79

15.61+3.93 7.75-23.64
16.81+4.15 8.3-26.27

Table 6: Angle between superior end plate of S1
vertebra and pedicle axis.

Side  MeanxSD__ Range |
Sagittal right 23.33+£3.94 14.92-36.89
Sagittal left 22.67+4.05 11-33.99
Axial right 50.59+7.77 16.59-64.88
Axial left 52.14+6.50 34.18-65.91

Chord length

The chord length was also measured on both sagittal and
axial planes on both the sides (Table 7).

Table 7: Chord length.

Side Mean + SD (mm) Range (mm)

Sagittal right  33.61+4.77 20.03-45.94

Sagittal left 33.16+5.37 3.25-48.17

Axial right 48.87+7.21 18.56-63.89

Axial left 50.81+5.44 37.65-62.90
DISCUSSION

Based on the responses we obtained in our survey, we
concluded that the S1 pedicle entry is considered to be the
most difficult by orthopaedic surgeons due to various
reasons such as inadequate medial angulation due to
paraspinal muscle mass tension and an overhanging iliac
crest. To overcome this limitation, most of them prefer a
tri-corticate approach. Tricorticate fixation of a short
lumbosacral segment was found to be associated with an
enhanced stability at the lumbosacral junction with a
reduced incidence of pseudo-arthroses and vascular injury
in a retrospective analysis.'® Also, most of them were open
to modifications in the entry point of the pedicle screw and
its final purchase if such an exercise made the task easier.
This assured us that defining the screw entry technique for
various shapes of the S1 pedicle and standardizing it would
be gratefully accepted by the orthopaedic community.
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We observed that an hourglass S1 pedicle with a medial
angle greater than 50° was the most common anatomic
variant in our study population, accounting for almost half
of the cases (Table 3). This might partially explain the
technical difficulties experienced in the S1 pedicle screw
insertion procedure, as the margin of error in such cases is
very low. The risk of breaching the walls of the pedicle is
greater in these cases due to a mismatch in the mediolateral
width of the pedicle, which might lead to neurological and
vascular injuries. As the middle part of the pedicle in this
type of pedicles is the narrowest, the screw may have to be
inserted with a greater medial angulation and therefore, a
separate entry point would have to be considered in these
cases. A review of two articles by Kubaszewski et al has
also advocated a more medial placement of the screw in
osteoporosis to improve the stability of the fixation and
reproducibility of the procedure, confirming that there is
no increase in the risk of spinal canal perforation.’

A longer screw might also be better to achieve the desired
medial angulation. An ex vivo study on 80 porcine
vertebrae identified better anchorage with long screws
traversing the vertebrae and inducing bi-cortical
anchorage.?® Chua et al has recommended the optimal
length if pedicle screws up to 85% of the vertebral body
for the L1 vertebra, 80% for L2 to L4, and 75% for L5 for
optimal purchase and fixation stability without the risk of
breaching the anterior cortex.?*

We also advocate the use of CT scan images to assess the
anatomy of the S1 pedicle prior to deciding on the entry
point for the pedicle screw. Similar conclusions have also
been offered in the published literature. Carlson et al has
evaluated thirty CT scan images and concluded that the
safest entry point for the S1 iliosacral screws would be ‘at
the posterior sacral body sagittal and at the inferior S1

foramen coronally’.?

Other modifications in the pedicle insertion technique such
as the assistance of fluoroscopic view of the pedicle axis
have been attempted and reported to improve the accuracy
of the screw placement and reduce the risk of
complications.?*% With the advent of technology,
computer simulation software have been developed, which
can also be used for training and practice.?’

Limitations

The sample size of the patients was relatively smaller to
the general population.

CONCLUSION

The combination of hourglass shaped pedicle (type 3) with
a desired medial angle more 50 degrees (type Ill) is the
most frequent type of S1 pedicle observed in our study
population. It poses the greatest challenge for lumbosacral
fixation and hence, necessitates a separate entry point
more laterally in order to get the desired medial angulation.

Also, a longer length of the S1 pedicle screw is
recommended for a better purchase.
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