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Study Design: A retrospective cohort study.

Purpose: The purpose of this study was to investigate the prevalence and risk factors for S2 alar-iliac (SAI) screw loosening follow-
ing lumbosacral fixation, with a minimum 2-year follow-up.

Overview of Literature: Although SAI screws allow surgeons to perform lumbosacral fixation with a low profile and enhanced bio-
mechanical strength, screw loosening following surgery can occur in some cases. However, few studies have investigated the preva-
lence and risk factors for SAI screw loosening.

Methods: This retrospective study included 35 patients (mean age, 72.8+8.0 years; male, 10; female, 25) who underwent lumbosacral
fixation using SAI screws with at least 2 years of follow-up. SAI screw loosening and L5-S bony fusion were assessed using com-
puted tomography. The period for which the screws appeared loose and the risk factors for SAI screw loosening were investigated 2
years after surgery.

Results: A total of 70 SAl screws and 70 S1 pedicle screws were inserted. Loosening was observed 0.5, 1, and 2 years after surgery
in 17 (24.3%), 35 (50.0%), and 35 (50.0%) SAI screws, respectively. Bony fusion rate at L5—S was significantly lower in patients with
SAI screw loosening than in those without screw loosening (65.0% vs. 93.3%, p=0.048). The score for SAl screw contact with the
iliac cortical bone and the bony fusion rate at L5—S were significantly lower in the loosening group than in the non-loosening group
(1.840.5 vs. 2.2+0.3, p<0.001, respectively). Postoperative pelvic incidence—lumbar lordosis was significantly higher in the loosening
group than in the non-loosening group (7.9°+15.4° vs. 0.5°+8.7°, p=0.02, respectively).

Conclusions: SAl screw loosening is closely correlated with pseudoarthrosis at L5—S. Appropriate screw insertion and optimal lum-
bar lordosis restoration are important to prevent postoperative complications related to SAI screws.

Keywords: S2 alar-iliac screw; Bony fusion; Screw loosening; Risk factors

Introduction fusion provides a biomechanical support at the base of

a long construct; however, high instrument failure and

Rigid distal fixation of the spine is essential for maintain- reoperation rates have been reported when S1 screws are
ing proper sagittal and coronal balance. Lumbosacral used alone [1,2]. The L5-S junction has the highest risk
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of pseudoarthrosis, with a reported rate of 24% and is
associated with adverse clinical outcomes [3]. Multiple
studies have shown that long instrumentation and fusion
at the sacrum require supplemental pelvic fixation in or-
der to prevent these complications [1,2]. To date, several
techniques have been reported, including the use of iliac
screws, S2 pedicle screws [4], sacral alar screws [5], and
S2 alar-iliac (SAI) screws [1,6]. Among these techniques,
the use of SAI screws is a very effective approach using
supplemental instrumentation, because SAI screws do not
require offset connectors, have a low profile, and can be
aligned with cephalad instrumentation, which can mini-
mize wound breakdown, surgical time, possible infection
risk, and morbidity [1,6-8].

Although favorable outcomes have been reported with
the use of SAI screws in adult spinal deformity surgery,
SAI screw loosening or pseudoarthrosis at L5-S junc-
tion has been reported in some cases. Screw loosening,
observed as a radiolucent area around the screw, indicates
loss of screw fixation and potential progression to pseu-
doarthrosis. Few studies have investigated the prevalence
and risk factors for SAI screw loosening; therefore, limited
information is available on this subject. The risk factors
for distal junctional failure after long instrument fusion
using iliac screws include advanced age, low screw den-
sity, large pelvic incidence (PI), revision surgery, failure to
restore lumbar lordosis (LL), postoperative sagittal imbal-
ance, and insufficient sacropelvic fixation [3,9-11]. How-
ever, it is unclear whether these risk factors are associated
with SAI screw loosening. Therefore, this study aimed to
investigate the prevalence and risk factors for SAI screw
loosening following lumbosacral fixation.

Materials and Methods

1. Study design

After approval by the relevant institutional ethics com-
mittee (2019-006 [0339]), we retrospectively reviewed
the radiographic records of patients who had undergone
bilateral lumbosacral fusion with SAI screws between
2013 and 2015. In the current study, three attending spine
surgeons performed the surgeries in one hospital. We ex-
cluded patients who met any of the following criteria: age
<20 years, number of fusion levels <4, <2 years of follow-
up, no L5-S posterior (PLIF) or transforaminal lumbar
interbody fusion (TLIF), and pelvic fixation performed
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with >2 SAI screws.
2. Radiographic analysis

Computed tomography (CT) and radiographs were taken
at preoperative, 6 months, 1 year, and 2 years after surgery
for all patients. Both SAI and S1 screw loosening were as-
sessed using CT reconstruction images. Screw loosening
was considered if a radiolucent area (>1 mm in width)
was present around the screw (Fig. 1). Radiological bony
fusion at L5-S was also evaluated using CT reconstruc-
tion images. We judged whether body fusion had been
achieved in cases with continuous bony bridging on sagit-
tal and coronal CT scans.

Radiographic assessment was performed by two inde-
pendent spinal surgeons who did not perform any surger-
ies in the current case series. A third reviewer was avail-
able for adjudication in case of disagreement.

The relationship between SAI screws and iliac bone was
assessed using X-rays and CT (Fig. 2). The degree of con-
tact was graded according to the number of contact points
between the SAI screw and the iliac cortical bone (range,
0-3): grade 3, 3 contact points (screw contact with the
inner, outer, and inferior walls of the iliac cortical bone);
grade 2, 2 contact points (2 out of 3 contact points involv-
ing the iliac cortical bone); grade 1, 1 contact point (1 out
of 3 contact points involving the iliac cortical bone); and
grade 0, 0 contact points (no contact between the screw
and the iliac cortical bone).

Preoperative and immediately postoperative (first in-
stance of standing) whole-spine images were obtained in
an upright standing position. The following radiological
parameters were assessed: LL, pelvic tilt (PT), PI, C7, sag-

Fig. 1. Assessment of the radiolucent area (white arrows) around S2
alar-iliac screws on computed tomography.



Fig. 2. Assessment of the number of S2 alar-iliac screw contact points
with the iliac cortical bone on X-ray (A) and CT (B-D). When the
screw came in contact with the inner, outer, and inferior walls of the
iliac cortical bone on CT (white arrows), the number of contacts noted
were 3. CT, computed tomography.

ittal vertical axis, thoracic kyphosis, and T1 pelvic angle.
3. Surgical procedure

The PLIF or TLIF technique was used for interbody fusion
at L5-S1 in all patients. Two carbon fiber interbody cages
filled with local bone (obtained during posterior decom-
pressive laminotomy by removing all soft tissues) were
inserted. The bone graft was packed around and between
the cages as much as possible.

SAT screws were placed using fluoroscopic guidance
or the Medtronic Stealth Station Treon with O-arm
(Medtronic Inc., Littleton, MA, USA) navigation guidance
(Fig. 3). The starting point was 2-3 mm inferior to the S-1
dorsal foramen and 2-3 mm lateral to it. When inserting
SAI screws using fluoroscopic guidance, anteroposterior
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Fig. 3. (A-D) A representative three-dimensional guidance system
image for S2 alar-iliac screw insertion.

X-rays were used to ensure placement cephalad to the sci-
atic notch. A pelvic inlet radiograph was then used to en-
sure extrapelvic placement, which was assessed by view-
ing the anterior sacroiliac joint. Angulation was directed
toward the greater trochanter and was approximately 30°
anterior from the floor. All patients received posterior
bone grafts using local bone, with L5-S interbody fusion.

4. Statistical analysis

Data are presented as meantstandard deviation. Student
t-test and the chi-square test were used for comparisons.
All statistical analyses were performed using IBM SPSS
ver. 21.0 (IBM Corp., Armonk, NY, USA). A p-value <0.05
was considered statistically significant.

Results

This study included 35 patients (mean age, 72.8+8.0
years; male, 10; female, 25). The mean number of fusion
levels was 7.7+3.0. Primary diagnosis was adult spinal
deformity and adjacent segment disease in 28 and seven
patients, respectively. Mean follow-up period after surgery
was 31.8+5.5 months. Fluoroscopic guidance and the
Medtronic Stealth Station Treon with O-arm navigation
guidance were used in 2 (5.7%) and 33 (94.3%) patients,
respectively.

A total of 70 SAI screws and 70 S1 pedicle screws were
inserted. Loosening was observed in 13 (18.6%), 13
(18.6%), and 11 (15.7%) S1 pedicle screws at 0.5, 1, and
2 years after surgery, respectively. L5-S interbody fusion
was observed in 7 (20.0%), 16 (45.7%), and 27 (77.1%)
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cases at 0.5, 1, and 2 years after surgery, respectively. One
patient with pseudoarthrosis at L5-S underwent revision
surgery owing to rod breakage between L5 and S1.

Penetration of a single SAI screw through the iliac cor-
tical bone was observed on postoperative CT. This screw
was inserted with assistance from the O-arm navigation
system. Although the screw penetrated to a point which
was 2 mm from the lateral cortex of the iliac bone, there
were no clinical symptoms attributable to this penetra-
tion.

Loosening was observed in 17 (24.3%), 35 (50.0%), and
35 (50.0%) SAI screws at 0.5, 1, and 2 years after surgery,
respectively. SAI screw loosening at 2 years was observed
in 20 patients (57.1%), with unilateral loosening in five
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patients and bilateral loosening in 15 patients. The score
for contact between the SAI screw and the iliac cortical
bone and the bony fusion rate at L5-S were significantly
lower in the loosening group than in the non-loosening
group (1.840.5 versus 2.2+0.3, p<0.001 and 65.0% versus
93.3%, p=0.048, respectively) (Table 1). However, the
groups did not differ significantly in terms of age, sex,
bone mineral density (BMD), upper instrumented verte-
brae, number of fusion levels, insufficient correction (PI-
LL >10°), and S1 pedicle screw loosening (Table 1). With
regard to radiographic parameters, preoperative PT and
postoperative PI-LL were significantly higher in the loos-
ening group than in the non-loosening group (22.2°+13.3°
versus 28.6°£9.3°, p=0.02 and 7.9°+15.4° versus 0.5°+8.7°,

Table 1. Risk factors of postoperative SAl screw loosening in the study patients

Characteristic

SAl screw loosening

No. of patients
Age (yr)
Gender
Male
Female
Bone mineral density (mg/cm?)
Upper instrumented vertebra
Above T6
Below T6
No. of fusion levels
No. of interbody fusion levels above L5-S1
No. of SAI screw contact points with the iliac cortical bone
Insufficient correction (pelvic incidence—lumbar lordosis >10°)
Yea
No
L5-S fusion at 2 years
Yes
No
S1 pedicle screw loosening at 2 years
Yes
No
Rod breakage at L5—S1
Yes
No

Yes No

20 15
73.9+7.9 71.7+8.0 0.28
0.19

4 6

16 9
1.16+0.3 1.23+0.3 0.41
0.12

3 0

17 15
8.0£3.2 1.32.7 0.31
3.3+1.0 3.5+0.9 0.55

1.840.5 2.2+0.3 <0.001*

0.15

7 2

13 13

0.048*

13 14

7 1
0.15

5 1

15 14
1.00

1 0

19 15

Values are presented as number or mean+standard deviation, unless otherwise stated.

SAl, S2 alar-iliac.
"p<0.05; statistically significant.
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p=0.02, respectively) (Table 2).

Discussion

The present study found that the rate of SAI screw loosen-
ing was 50.0% at one and 2 years after surgery and that
screw loosening was correlated with pseudoarthrosis
at L5-S on CT. In addition, a low number of SAI screw
contact points with the iliac cortical bone and postopera-
tive PI-LL >10° were significant risk factors for screw
loosening, indicating that appropriate screw insertion and
optimal LL restoration are crucial for preventing postop-
erative complications.

Lumbosacral fixation is still a challenge for spinal
surgeons when trying to achieve solid fusion. Although
many supplemental pelvic fixation techniques have been
reported, the use of SAI screws is one of the most effective
approaches for the following reasons: (1) the screws are in
line with the rest of the instrumentation, rendering offset
connectors unnecessary; (2) soft tissue dissection is mini-
mized, especially in the paraspinal muscles around the
iliac crest; (3) wound breakdown is minimized because

Table 2. Comparison of radiographic parameters between the SAl
screw loosening and non-loosening groups

SAl screw loosening

p-value
Yes

No. of patients 20 15

Preoperative
PI(°) 55.7£11.0 51.746.0 0.07
LL(°) 23.5+18.6 19.9+16.4 0.40
PI-LL (°) 32.2+18.8 31.8+18.3 0.93
PT(°) 22.2+13.3 28.649.3 0.02*
SVA (mm) 85.1+40.8 93.9+56.8 0.46
TPA (°) 2274126 27.7£12.0 0.10

Postoperative
LL(°) 47.9+13.1 51.3+10.1 0.23
PI-LL (°) 7.9+15.4 0.5+8.7 0.02*
PT(°) 18.8+£10.5 18.748.0 0.96
SVA (mm) 33.9+47.5 21.5+26.3 0.19
TPA(°) 20.6+11.9 18.3¢7.2 0.34

Values are presented as number or mean+standard deviation, unless
otherwise stated.

SAl, S2 alar-iliac; PI, pelvic incidence; LL, lumbar lordosis; PT, pelvic
tilt; SVA, C7 sagittal vertical axis; TPA, T1 pelvic angle.

"p<0.05; statistically significant.

the SAI screw anchors are placed approximately 15 mm
deeper than with iliac screws; and (4) a biomechanically
strong anchor is achieved because the screws extend be-
yond the lumbosacral pivot point and the screw trajecto-
ries are directed more laterally, which helps reduce screw
back-out [1,7,8].

Many reports on SAI screws have discussed favorable
outcomes related to deformity correction, low rates of
infection, and implant-related complications [6,12-14].
Sponseller et al. [6] investigated 32 children who under-
went spinal deformity surgery and found that correction
of pelvic obliquity (20°+11°, 70%) was significantly better
with SAT screw placement than with other iliac anchors.
Elder et al. [12] conducted a retrospective study compar-
ing 25 cases involving iliac screws and 65 cases involv-
ing SAI screws, and found that reoperation, surgical-site
infection, wound dehiscence, and symptomatic screw
prominence were less frequent with SAI screws. Shabtai
et al. [14] also reported that in patients with neuromus-
cular scoliosis, implant failure rate was lower and surgi-
cal revision was less frequent with SAI screws than with
iliac screws. In other reports, the reoperation rate after
iliac screw fixation was as high as 35%-48%, and lum-
bopelvic fixation using SAI screws reduced the need for
reoperation by as much as 8.6%-14.5% [13,15,16]. Thus,
SAI screws appear to have advantages over iliac screws in
terms of reducing implant failure and lowering the rate of
reoperation.

However, SAI screws have a disadvantage. As the screw
crosses the unfused sacroiliac joint, there is an increased
potential risk of screw loosening and breakage after fixa-
tion [6]. However, few studies have investigated the rate
of these screw-related complications [6]. In the current
study, loosening was observed in 50% of the SAI screws
at 2 years after surgery, and in approximately half of these
cases, screw loosening was present at 6 months after sur-
gery. No studies have investigated the prevalence and tim-
ing of SAI screw loosening. Thus, we compared our data
with the data from a previous study performed by Banno
et al. [11] on iliac screws. The previous study mentioned
that loosening was observed in 27.8% of patients on X-
rays and that this screw loosening had already been de-
tected at 6 months after surgery in 80% of cases. The rate
of screw loosening at 2 years was lower in this previous
study than in our study; however, the difference in evalua-
tion methods for screw loosening (X-ray, CT) could have
greatly affected the results. Additionally, in this previous
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study, the rate of rod breakage around S1 screws was as
high as 11.1%, and the rate of pseudoarthrosis was higher
than the rate in our study, suggesting that detection of
iliac screw loosening on CT could be better than that on
X-rays. It is important to note that the rate of screw loos-
ening detected at 6 months was lower in our study (50%)
than in this previous study (80%). This might be attrib-
utable to the high biomechanical stability of SAI screws
[17]. Owing to this high stability of SAI screws, screw
loosening is more likely to be detected at 1 year, rather
than at 6 months, after surgery. Interestingly, in our study,
the number of loose SAI screws detected at 1 year did
not increase at 2 years after surgery. This finding suggests
that once L5-S bony fusion is achieved, the possibility of
progressive screw loosening is low, even though the screw
penetrates the sacroiliac joint.

SAI screw loosening was associated with pseudoar-
throsis at L5-S; therefore, SAI screw loosening was de-
termined to be a clinically important problem. Although
only one patient had symptomatic pseudoarthrosis at
L5-S necessitating revision surgery in the present study,
pseudoarthrosis may manifest if rod breakage occurs in
the future [18]. Therefore, careful observation is required
in cases without fusion.

Old age, low screw density, large PI, history of revision
surgery, failure to restore LL, postoperative sagittal im-
balance, insufficient sacropelvic fixation, and other such
factors have been reported as risk factors after sacropelvic
fixation of screw loosening and pseudoarthrosis [3,9-11].
Kim et al. [9] reported that the rate of S1 screw loosening
was 24.4% in 156 patients who underwent lumbosacral
fixation for degenerative lumbar disease, and that the risk
factors for screw loosening were age, poor BMD, long
fusion (23 levels), high PI, and high mismatch of PI and
LL. Banno et al. [11] investigated the risk factors for iliac
screw loosening in 72 patients with adult spinal defor-
mity and concluded that the misplacement of iliac screws
and insufficient correction (PI-LL >10°) were significant
risk factors for iliac screw loosening. Kim et al. [3] also
investigated 144 cases of long adult spinal deformity in-
strumentation and found that 24% of the cases showed
pseudoarthrosis. Thoracolumbar kyphosis, osteoarthritis
of the hip joint, the thoracoabdominal approach, posi-
tive sagittal balance =5 cm, old age (=55 years), and in-
complete sacropelvic fixation were found to significantly
increase the risk for pseudoarthrosis [3]. In the present
study, a low number of SAI screw contact points with the
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iliac cortical bone and postoperative PI-LL >10° were
found to be significant risk factors for screw loosening. As
mentioned above, PI-LL mismatch has been reported as
a risk factor for pseudoarthrosis; thus, appropriate correc-
tion of LL is crucial for minimizing screw loosening. In
addition, appropriate SAI screw placement with regard to
contact with the cortical bone is important. In a previous
report [11], misplacement of iliac screws was found to be
a risk factor for screw loosening; thus, initial rigid internal
fixation secondary to appropriate screw placement is cru-
cial to prevent screw loosening.

For the accurate insertion of SAI screws, a three-
dimensional (3D) image-guidance system could be useful.
Nottimeier et al. [19] reported that of the 32 screws used
in 20 patients who underwent lumbosacral fusion with S2
alar screws using this 3D image-guidance technique, five
screws penetrated anteriorly without clinical consequenc-
es, and they concluded that safe placement of SAI screws
was possible with this guidance technique. Although no
report has yet investigated the accuracy of SAI screws
used in conjunction with a 3D image-guidance system,
in the present study only one SAI screw penetrated the
iliac cortical bone (2 mm), suggesting that this image-
guidance system can permit safe screw insertion. Addi-
tionally, in the present study, a low number of SAI screw
contact points with the iliac cortical bone was determined
to be a risk factor for SAI screw loosening; thus, an ideal
degree of contact with the cortical bone should be care-
fully considered when SAI screws are inserted. Computer
navigation-guided screw insertion techniques, such as the
O-arm, allow for screw insertion with intraoperative 3D
images of the screw trajectory, making such a technique
a safe and reliable method of support [20,21]. A robotic-
guided SAI screw insertion technique might also show
improved accuracy. Bederman et al. [22] investigated
robotic guidance for SAI screw insertion in cases of adult
spinal deformity and reported acceptable accuracy. In the
near future, robotic-guided and computer navigation-
guided systems will improve, making them even more
“surgeon-friendly” and also making them accurate sup-
port systems.

The present study had a few limitations. First, this was a
retrospectively analyzed study. Second, the study included
a relatively small number of cases. Third, the difference
in SAI contact points (1.8 versus 2.2) between with and
without screw loosening was very small; therefore, fur-
ther analysis with a greater number of patients is essential
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to validate the results. Lastly, minimum follow-up was 2
years, which is not long enough to evaluate all the non-
unions. Further studies at a larger scale conducted over
a longer term (over 5 years after surgery) are required to
validate our results.

Conclusions

SAI screw loosening is closely associated with pseudoar-
throsis. Female sex, PI-LL mismatch, and a low number
of SAI screw contact points with the iliac cortical bone are
risk factors for screw loosening. Thus, appropriate screw
insertion and optimal LL restoration are crucial.
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