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Abstract

Background: S1-AI technique may be used as a salvage technique in pelvic fixation of complex spinal deformity
surgery. However, the proper detailed parameters in the Chinese population has not been analyzed before to
instruct S1-AI screws placement and to ensure the safety of clinical application while the trajectory in pelvic
changes significantly at each angle.

Results: The ideal S1AI screw trajectory could be obtained in 28 of 30 female patient images (93.3%) and in all of
the male patient images (100%). The screws that have already been used clinically in S2AI pathways can be applied
in S1AI fixations.

Conclusion: It is feasible to place S1AI screws in 93.3% of female Chinese adult patients and in all male Chinese
patients. Preoperative CT reconstruction should be performed to evaluate proper trajectory parameters and to avoid
anterior violation.
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Background
Lumbar-sacral fusion has been utilized in many clinical
scenarios such as flat-back syndrome and kyphosis,
pelvic obliquity, high-grade spondylolisthesis, and exten-
sive sacropelvic tumor resection [1–6]. However, screws
in the first sacral vertebrae do not always hold up to the
loads applied since S1 pedicles are capacious and often
contain less-supportive cancellous bone. The S2 alar iliac
(S2AI) technique was described to facilitate deformity
correction [4, 7, 8], which simultaneously adding dissec-
tion of the skin, subcutaneous tissue, and muscle in this
area that may increase the risk of blood loss and wound
healing problems. To the best of our knowledge, in the
Chinese population, the detailed proper parameters have
not been analyzed before to ensure the safety of clinical
application of S1 alar iliac (S1AI) screws while the ideal
routeway changes significantly on different angle of the
pelvic. The purpose of this study is to determine the
anatomical feasibility and ideal trajectories of placing

S1-AI screws in the Chinese population and to instruct
clinical application.

Methods
Subjects
After approval from our institutional review board, 60
nonconsecutive computed tomography (CT) scans of
the pelvis were randomly and retrospectively selected.
The scans belonged to 60 Chinese skeletally mature
patients were performed to investigate hypogastralgia
(46 cases), urinary tract calculi (6 cases), or rectal tumor
(8 cases). All patients scanned with bony diseases or de-
formity were excluded from this study. The pelvis were
scanned by a 16-slice CT (UNITED IMAGING 16-slice
CT scanner; uCT 510; China). Power settings were
typically 120 kV and 220 mA, 800 ms rotation time
with a slice thickness of 1.5 mm. The field of view
was contained 512 × 512 pixels and increments of
1 mm, using detector collimation of 16 × 0.6 mm
(pitch 0.9375). All of the CT scans were analyzed
using UNITED IMAGING workplace Zheng He 61
(China, United Imaging Company), a matched CT im-
aging computer application for three-dimensional (3D)
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interactive viewing, manipulation and measurement of the
anatomical structures, and all parameters with high accur-
acy. We used systematic random sampling for selecting
every 15th patient from a list generated from our institu-
tion’s Picture Archiving and Communication Systems
(PACS) of patients who had been scanned from the begin-
ning of June 2016 to the end of October 2016. The initial
case was randomly selected. Our study population was
consisted of 60 patients (30 males and 30 females) with a
mean age of 46.2 years (range 21–72 years).

CT imaging manipulation and parameter measurements
The CT imaging manipulations were performed and ro-
tated until they matched the ideal S1-AI trajectory
(greatest length and width of osseous channel) for pa-
tients. The entry point of S1-AI screws was selected at
the lateral sacral crest between the S-1 foramen and the
margin of the S-1 superior endplate laterally according
to previous studies [6, 9–11], which is also the trad-
itional entry point of S1 pedicle screw (Fig. 1(1a)).
The detailed measurements within the determined trajec-

tory were outlined as below (demonstrated in Figs. 1 and 2):

a. Sag. A.: The caudal trajectory angulation in the sagittal
plane (Fig. 1(3c)).

b. Skin D.: The shortest distance from the starting point
to the skin (Fig. 1(3d)).

c. Tsv. A.: The lateral angulation in the transverse plane
(Fig. 1(4e)).

d. Max. L.: The maximal length of the trajectory from
the starting point to the anterior cortex (Fig. 1(4f )).

e. Sac. L.: The length of intrasacral trajectory (Fig. 1(4g)).
f. Iliac W.: The narrowest iliac width between the inner

cortices of the ilium in the transverse plane (Fig. 1(4h)).
g. Cortex. D.: The narrowest distance between the

trajectory and the nearest inner cortex surface
(Fig. 1(4i)).

h. Mid. D.: The distance of the starting point lateral from
the middle line of sacrum (Fig. 1(4j)).

i. PSIS D.: The distance from the starting point to the
PSIS (Fig. 1(4k)).

Statistical analysis
The results were represented as mean ± standard deviations
for variables. To detect possible divergence of the parame-
ters between genders, independent samples’ t test was
performed in this study. Statistical significance was set
at p < 0.05. All analyses were carried out using the SPSS
(Statistical Package for the Social Sciences, version 17).

Results
The parameters for the S1AI pathway were measured
through the three-dimensional radiographic analysis
(Table 1, Figs. 1 and 2).

Based on the ideal S1AI trajectories of males, the mean
sagittal angle was 57.21 ± 5.24° on the left and 55.68 ±
5.75° on the right. The average transverse angle was 37.01
± 2.39° for the left pelvis and 37.10 ± 2.77° for the right
pelvis. Compared with the parameters above, the pathways

Fig. 1 Case 7, 51-year-old female. 1 Posterior view of CT 3D imagine.
A The entry point of S1AI trajectory. 2 Lateral view of CT 3D imagine.
B The direction of S1AI trajectory. 3 Sagittal reconstructed plane of
S1AI trajectory. C Sag. A.: 66.7°; D Skin D.: 63.8 mm. 4 Transverse plane of
S1AI trajectory. E Tsv. A.: 40.3°; F Max. L.: 113.9 mm; G Sac. L.: 46.7 mm. H
Iliac W.: 17.2 mm; I Cortex D.: 5.6 mm; J Mid. D.: 24.2 mm; K PSIS D.: 29.4 mm

Fig. 2 Case 2, 55-year-old female. 1 Posterior view of CT 3D imagine.
A The entry point of S1AI trajectory. 2 Lateral view of CT 3D imagine.
B The direction of S1AI trajectory. 4 Sagittal reconstructed plane of
S1AI trajectory. C Sag. A: 62.0°; D Skin D.: 59.1 mm. 4 Transverse
plane of S1AI trajectory. E Tsv. A.: 37.4°; F Max. L.: 121.1 mm; G Sac.
L.: 43.1 mm. H Iliac W.: 14.5 mm; I Cortex D.: 2.0 mm; J Mid.
D.: 24.7 mm; K PSIS D.: 19.8 mm
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of females were significantly more caudal with mean sagit-
tal angle of 59.52 ± 6.27° on the left and 59.41 ± 5.35° on
the right (p = 0.038). However, the transverse angle of
females were almost the same with males (p = 0.797).
The maximal mean S1AI pathway of males was 120.96

± 4.03 mm (range, 114.5–127.4 mm) for the left pelvis and
119.27 ± 4.34 mm (range, 113.9–129.1 mm) for the right
pelvis, while the trajectories of females were significantly
shorter (p < 0.001) with 113.25 ± 6.11 mm (range, 103.5–
125.6 mm) on the left and 111.69 ± 6.22 mm (range,
102.2–121.6 mm). Based on the idealized trajectory for
this technique, the pathway traversed a mean 41.50 ± 5.18
and 42.91 ± 4.38 mm of the sacral bone before crossing
the anterior portion of the sacral alar into the ilium of
males for the left and right pelvis, respectively, while
39.90 ± 7.10 and 41.42 ± 5.58 mm for the pelvis of females
(p = 0.274). The narrowest mean width of the ilium of
males along the chosen trajectory was 21.64 ± 4.17 mm
for the left side and 21.83 ± 3.76 mm for the right. The
mean width at the thinnest portion of the ilium of females
was 16.83 ± 1.59 and 17.25 ± 1.12 mm, which were more
narrower than that of males (p < 0.001).
With respect to the cortex distance (the narrowest

distance between the trajectory and the nearest inner
cortex surface), the parameters were 8.31 ± 1.87 mm
(range, 6.3–13.1 mm) on the left and 8.46 ± 2.16 (range,
5.5–14.3 mm) on the right. As for the females, the
parameters were 5.69 ± 1.27 mm (range, 2.0–7.2 mm) on
the left and 5.78 ± 0.86 mm (range, 4.1–7.5 mm) on the
right. In two of the 30 female cases (3.3%), we found that
the cortex distance were under 3.75 mm, which were 2
and 2.2 mm.
Based on the ideal trajectory for the S1AI screw, the

distance below the skin for S1AI screw insertion point
showed no statistical differences between the males and
females. The entry points of males away from the PSIS
were 5 mm longer than those of females on both sides
and approximately 1 mm longer away from the midline.

Discussion
It is a challenging area that pelvic fixation continues to
be in spine surgery. The biomechanical forces, anatomy,
and bone quality are some reasons why spine surgeons
continue to explore options for fixation in fusions for
deformity that extend to the pelvis [12].
The technique for placement of S2AI screws was

contemporaneously described by Dr. Sponseller and Dr.
Kebaish in pediatric and adult populations, respectively
[7, 13, 14]. According to previous studies, S2AI screw
fixation technique improved construct stability and bio-
mechanical torsion due to the direction and the longer
length of the screws [15–17] and reduce complications
including implant prominence due to the low profile of
the screws [4, 18–20]. In 2013, Dr. Mattei et al. reported
a technique involving the use of combined S-1 and S-
2 SAI screws as a salvage procedure for definitive pel-
vic fixation after pseudarthrosis in the lumbosacropel-
vic junction [6]. Though the S1AI screw technique
had already been used clinically [21], no anatomic
parameters have been analyzed for proper trajectory
of S1AI screw.
Our analysis illustrated that the traditional entry point

of S1 pedicle screw can serve as a satisfied entry point of
S1AI screw to achieve ideal implement trajectory. The
maxlength of S1AI trajectories was 120.06 ± 4.21 mm
(range, 113.9–129.1 mm) for the males and 112.47 ±
6.11 mm (range, 102.2–125.6 mm) for the females. Our
assessment of the iliac width, which served to evaluate
for the maximal anchor diameter, ranged from 17.4 to
32.4 mm for males and 13.5 to 20.3 mm for females
within the determined S1AI trajectory. Therefore, a
standard S2AI screw that ranges from 70 to 100 mm in
length and 5.0–7.5 mm in diameter reported in previous
studies [6, 7] can be appropriate to Chinese population
for S1AI screw application. In our observation, the S1AI
trajectories were heading directly to the acetabulum so
that excessively long screws could damage the hip joint.

Table 1 Parameters of S1-AI screw trajectory measurements (mean ± standard deviation)

Males (n = 30) Females (n = 30)

Parameters Left Right p Left Right p

Sag. A. (°) 57.21 ± 5.24* 55.68 ± 5.75* 0.455 59.52 ± 6.27 59.41 ± 5.35 0.760

Skin D. (mm) 53.06 ± 9.09 53.71 ± 9.56 0.853 57.35 ± 7.45 57.11 ± 6.78 0.927

Tsv. A. (°) 37.01 ± 2.39 37.10 ± 2.77 0.929 36.49 ± 2.79 37.24 ± 3.56 0.538

Max. L. (mm) 120.96 ± 4.03* 119.27 ± 4.34* 0.281 113.25 ± 6.11 111.69 ± 6.22 0.496

Sac. L. (mm) 41.50 ± 5.18* 42.91 ± 4.38* 0.425 39.90 ± 7.10 41.42 ± 5.58 0.520

Iliac W. (mm) 21.64 ± 4.17* 21.83 ± 3.76* 0.897 16.83 ± 1.59 17.25 ± 1.12 0.411

Ctx D. (mm) 8.31 ± 1.87* 8.46 ± 2.16* 0.850 5.69 ± 1.27 5.78 ± 0.86 0.687

Mid. D. (mm) 27.50 ± 1.51* 28.04 ± 2.47* 0.486 26.20 ± 2.92 26.67 ± 2.41 0.532

PSIS D. (mm) 27.41 ± 4.24* 27.48 ± 3.89* 0.964 22.30 ± 5.73 22.39 ± 5.41 0.851

*Statistically significant if p < 0.05 compared with the data of females
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The minimum parameters of cortex distance for S1
ideal pathways demonstrated the risk of anterior viola-
tion. One S1AI trajectory of the 30 females (6.7%, 2 mm,
S1L, Fig. 2) was not sufficient for currently available
screws with a minimum diameter of 5.0 mm screw,
which indicates the danger of impingement. Anterior vi-
olations, although occurring very infrequently, may have
important deleterious consequences due to the injury of
several important vascular, neurological, and visceral
structures located inside the pelvis [22]. Therefore, pre-
operative CT scans and reconstruction should be per-
formed to evaluate proper trajectory parameters and to
choose appropriate screws.
According to the ideal trajectory direction, our study

recommended insertion of the S1AI screws with a sagit-
tal angle of 56.39 ± 5.48° for the males and 59.47 ± 5.73°
for the females, a lateral angle of 37.06 ± 2.56° for the
males and 36.86 ± 3.27° for the females. When placing
the screws, any excessive deflection may puncture the
sacral or iliac cortex, damaging the tissues proximal to
the pelvis catastrophically. Especially, excessive caudal
insertion of screws is likely to violate the sciatic notch,
which may lead to injury of the superior gluteal artery
and nerve, both of which pass above the piriformis
muscle [7]. With respect to the insertion points of S1AI
screws, they were deeper from both the PSIS and the
skin according to previous studies [13, 15], which means
S1AI screws can be much lower profile and have lower
incidence of implant prominence.
Proper identification of the anatomical landmarks re-

lated to the recommended entry points is one of the
most important factors for a successful pelvic fixation
with SAI screws. Dr. Mattei et al. [6] reported that to
obtain an adequate lateral exposure for proper identifi-
cation of the entry point for the S2AI screws, the skin
incision and muscle dissection usually have to be ex-
tended distally to the level of the third or fourth sacral
segment. However, this area is the portion of the wound
most prone to breakdown. Any additional dissection of
the skin, subcutaneous tissue, or muscle in this area in-
creases the risk of blood loss and wound healing prob-
lems. Though have not been assessed biomechanically,
the S1 alar iliac screw might achieve more structural
stability than S1 pedicle screw for being placed more
anteriorly and laterally, as McCord DH et al. [23]
demonstrated. Thus, under some circumstances such as
short lumbar-sacral fixation for osteoporotic patients,
S2AI screw might not be necessarily needed taking
wound healing into consideration while S1AI screw
would be stable enough for fixation. More biomechan-
ical data should be provided in further study.
It needs to be emphasized that this study was carried

out in normal pelvis without any deformity. As lumbosa-
cral pelvic fixation is also frequently carried out in

deformity surgery, variability of the anatomical structures
in deformity surgery would limit the application of such
data in clinical practice. Therefore, in cases where there is
pelvis asymmetry, planning of the screw trajectory and
length have to be individualized, intraoperative fluoro-
scope and/or navigation systems may aid the surgeon to
the final trajectory and screw size parameters [24].

Conclusions
In summary, it is feasible for S1AI screws to be used in
most of Chinese adult patients. Our findings indicated
that the screw inserts at the lateral sacral crest between
the S-1 foramen and the margin of the S-1 superior end-
plate through the sacroiliac joint and iliac wings with
approximately 37° of lateral angulation in transverse
plane and 56° for the males (59° for the females) of cau-
dal angulation in the sagittal planes. However, more
researches need to be conducted about SAI screws and
spinopelvic fixation is still challenging.
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