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Abstract

Objective: S2-alar-iliac (S2Al) screw technique is widely used in spinal surgery, but it is rarely seen in the field of spi-
nal tumors. The aim of the study is to report the preliminary outcomes of the freehand S2Al screw fixation after
lumbosaral tumor resection.

Methods: The records of patients with lumbosacral tumor who underwent S2AIl screw fixation between November
2016 to November 2020 at our center were reviewed retrospectively. Outcome measures included operative time,
blood loss, complications, accuracy of screws, screw breach, and overall survival. Mean + standard deviation or range
was used to present continuous variables. Kaplan—Meier curve was used to present postoperative survival.

Results: A total of 23 patients were identified in this study, including 12 males and 11 females, with an average age
of 47.3 + 14.5 (range,15-73). The mean operation time was 224.6 + 54.1 (range, 155-370 min). The average esti-
mated blood loss was 1560.9 + 887.0 (600-4000 ml). A total of 46 S2Al screws were implanted by freehand tech-
nique. CT scans showed three (6.5%) screws had penetrated the iliac cortex, indicating 93.5% implantation accuracy
rate. No complications of iatrogenic neurovascular or visceral structure were observed. The average follow-up time
was 31.6 + 15.3 months (range, 13-60 months). Two patients’ postoperative plain radiography showed lucent zone
around the screw. One patient underwent reoperation for wound delayed infection. At the latest follow-up, eight
patients had tumor-free survival, 11 had survival with tumor, and four died of disease.

Conclusion: The freehand S2Al screw technique is reproducible, safe, and reliable in the management of lumbosacral
spinal tumors.
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Introduction predominant methods for lumbopelvic fixation, providing solid

Orthopaedic Surgery

pinopelvic fixation is indicated in various diseases, | bony fusion across the lumbosacral junction.

including kyphoscoliosis in adults, severe spondylolisthesis, The S2AI screw technique, first proposed by
severe pelvic obliquity, and sacral fractures with pelvic | Sponseller’ in 2007, has become a popular method for
diastasis' . Over the years, a variety of techniques have been | spinopelvic fixation over the past decade"**°. This technique
used for lumbopelvic fixation, including Galveston iliac rods, | is mainly used for long-segment spinal fusion to the sacrum
Jackson intrasacral rods, the Kostuik transiliac bar, iliac screws, | in children and adults with a spinal deformity or high-grade
S1 and S2 pedicle screws, and S2-alar-iliac (S2AI) screws® ™. At | spondylolisthesis. Despite its ubiquitous use, the application
present, iliac screws and S2AI screws have been the | of this technique in spinal reconstruction after resection of
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lumbosacral spinal tumors has been rarely reported. Spinal
reconstruction following lumbosacral spinal tumor re-
section has been a great challenge. Pedicle screws are usually
placed for fusion extending to S1 or S2 after lumbosacral spi-
nal tumor resection. Although the combination of S1 and S2
pedicle screws is stronger compared to S1 screws alone, the
biomechanical strength is not satisfactory because there is no
increase in the overall strength of the lumbosacral fixation
construct”®,

The advent of the S2AI technique provides an alterna-
tive method to overcome the above problems. Biomechanical
studies have shown that S2AI screws have the same biome-
chanical strength as iliac screws and can be used as an alter-
native to iliac screws’ ">, Nowadays, S2AI screws have been
widely used in spine surgery. Meanwhile, the relative shallow
learning curve of the S2AI screw makes the freehand tech-
nique popular”'*~'°. However, the application of the tech-
nique in lumbosacral spinal tumors has rarely been reported.

Our institutional senior surgeons prefer a freehand
technique of S2AI according to the anatomical landmarks.
The purposes of the study were: (1) to investigate the feasi-
bility of the freehand S2AI screw technique in lumbosacral
spinal tumors; (2) to reveal the complications and clinical
outcomes of S2AI screw fixation.

Materials and Methods

Study Design

This study was approved by the institutional review board
(IRB/IEC: 2010230-2), and all patients provided informed
consent. Patients with lumbosacral spinal tumors who
underwent tumor resection and spinal-pelvic reconstruction
between November 2016 and November 2020 were reviewed.
The inclusion criteria were as follows: (1) patients with lum-
bosacral spinal tumor needing spinal-pelvic reconstruction,
(2) the bone between the dorsal foramina of S1-2 was not
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invaded by the tumor, (3) patients with complete data and
follow-up for more than 12 months. The exclusion criteria
were as follows: (1) patients with deformity, degeneration,
trauma, or infection; (2) those without S2AI screw implanta-
tion. All the S2AI screws were placed by senior spine
surgeons.

Preoperative Evaluation

All patients in our series were evaluated meticulously by our
group after admission. All patients preoperatively underwent
X-ray, computed tomography (CT) with three-dimension
reconstruction, and magnetic resonance imaging (MRI).
Patients with metastatic spinal tumors were examined by
positron-emission ~ tomography/computed  tomography
(PET/CT) or single-photon emission computed tomography
(SPECT) scan. Based on CT scans, detailed screw implanta-
tion plans were drafted, including entry point, trajectory
direction, and screw length.

Surgical Technique

After general anesthesia, the patient was placed in the prone
position. A posterior midline incision was made, and meticu-
lous subperiosteal dissection of the posterior elements was
performed to extend to the sacroiliac joint laterally. Then S1
and S2 dorsal foramen were confirmed. The S2AI screw
placement was performed by using the anatomic landmarks.
The entry point was 2 mm lateral to the midpoint between
the SI and S2 dorsal foramen (Figure 1A)>!°. The screw tra-
jectory direction was 20°-30° caudally in the sagittal plane
and approximately 40° horizontally in the axial plane,
pointing to the anterior inferior iliac spine (AIIS), where
roughly two fingers of the superior border of the greater tro-
chanter of the femur and can be palpated intraoperatively
(Figure 1B,C). The entry point was drilled to make a 5-mm-
deep cortical breach by a high-speed burr. A sharp pedicle
probe was advanced toward the sacroiliac joint at the above

Fig. 1 (A) Entry point (EP) of S2Al
screw is 2 mm lateral to the midpoint
between the S1 and S2 dorsal
foramen. The trajectory direction was
20°-30° caudally in the sagittal plane
(B) and approximately 40° horizontally
in the axial plane (C), pointing to the
anterior inferior iliac spine (AllS).

(D) Anteroposterior diagram of the
postoperative reconstruction of lumbo-
pelvis with S2Al screws after tumor
resection. (E) Lateral diagram showed
the sagittal effect after lumbopelvic
reconstruction
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angle. When the probe reached the sacroiliac joint, at an
approximate distance of 35 mm as described by Chang
et al® an increased resistance was experienced. A ball-tip
probe was used to palpate the osseous bottom of the channel.
Then the pedicle probe was advanced toward the AIIS until
it entered the ilium at a depth of about 80 mm. A ball-tip
was reinserted to palpate to ensure that the floor and walls
of the screw trajectory were intraosseous. If soft tissue or
sudden advancement was palpated, a cortical breach was
identified, and the screw path was salvaged by redirecting
the pedicle probe in a more appropriate direction. The ball-
tip probe was removed, and the screw length reconfirmed
with a hemostat clamp. The S2AI trajectory was undertapped
1 mm less than the desired screw diameter. Finally, a screw
in a diameter of 7.0-8.5 mm and a length of 80-90 mm was
inserted according to the measurement. The operation was
completed according to the preoperative plan (Figure 1D,E).

Follow-Up and Evaluation

Data on patient demographics, tumor site, pathology, opera-
tion record, radiographic outcomes, and complications were
collected and reviewed. Patients with metastatic tumors were
followed up every 3 months after surgery. Those with pri-
mary lesions were routinely followed up every 3 months in
the first 2 years and semiannually after that. Adjuvant thera-
pies were added depending on the type of pathology. The
accuracy of the S2AI screws was assessed by postoperative
plain radiography and CT scans. All CT scans were reviewed
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independently by a senior radiologist for radiographic out-
comes. When a cortical breach was found, the breach direc-
tion and distance were recorded and measured. Breaches
were classified into four grades according to the severity:
grade 0 (no breach), grade 1 (a breach distance of less 3 mm,
mild), grade 2 (3-6 mm, moderate), and grade 3 (more than
6 mm)".

Statistical Analysis

All statistical analyses were carried out using SPSS 22.0
(IBM Corp.). Continuous variables were presented as the
mean + standard deviation. The Kaplan-Meier method was
used to estimate postoperative survival, and survival curves
were analyzed and presented.

Results

General Data

General data of patients were summarized in Table 1. A total
of 23 patients were included in this study, including 12 males
and 11 females, with an average age of 47.3 & 14.5 (range:
15-73). All tumors were located in the lumbosacral spine
region, including two in L4-5, seven in L5, six in L5-S1,
eight in S1. Patients’ surgical and follow-up data were sum-
marized in Table 2. The mean operation time was
224.6 + 54.1 min (range: 155-370 min). The average esti-
mated blood loss was 1560.9 & 887.0 ml, with a range of
600-4000 ml.

TABLE 1 Summary data of 23 patients with at least 12-month follow-up after S2Al screw placement

No. Sex Age Location Diagnosis Revision surgery ATBS WBB staging Surgical strategy PE
1 M 73 L5 Lung cancer No Target 4-8, A-C Gross total resection No
2 F 47 S1 Breast cancer No CT + ET + diphosphonate 5-8, B-D Separation surgery No
3 M 64 L5 Renal carcinoma No Target+ diphosphonate 5-8, B-D Gross total resection  Yes
4 F 41 L5-S1 Breast cancer No CT + ET + diphosphonate 4-6, A-C Separation surgery No
5 F 52 L5 Breast cancer No CT + ET + RT + diphosphonate 5-8, A-C Gross total resection No
6 F 50 S1 Lung cancer No Target 6-10, A-D Piecemeal resection No
7 M 54 L5 Lung cancer No CT + diphosphonate 5-8, B-D Gross total resection No
8 M 59 S1 Hepatocarcinoma No Target 4-7, A-D Piecemeal resection Yes
9 F 58 S1 Rectal cancer No CT + Target + RT + diphosphonate 4-8, A-D Piecemeal resection No
10 F 60 L5-S1 Breast cancer No CT + ET + diphosphonate 5-10, B-D Piecemeal resection No
11 F 38 L5 Cervical cancer No CT + diphosphonate 6-9, A-C Piecemeal resection No
12 M 53 S1 Renal carcinoma No No 3-5, B-C Piecemeal resection No
13 M 54 S1 Hepatocarcinoma No No 7-10, A-D Piecemeal resection Yes
14 F 30 L5 GCTB Yes Denosumab 5-8, A-D Gross total resection  Yes
15 F 30 L5 GCTB No Denosumab 6-9, A-D En bloc resection Yes
16 F 51 S1 Chondrosarcoma No No 4-5, B-C En bloc resection No
17 M 22 L4-5 Synovial sarcoma No CT 3-8, A-D Gross total resection  Yes
18 M 30 S1 Chordoma No No 5-8, B-D En bloc resection No
19 M 64 L5-S1 Schwannoma No No 4-6, A-D En bloc resection No
20 M 33 S1 Paraganglioma No No 5-8, A-D Gross total resection No
21 F 55 L5 LCH No No 4-8, B-D En bloc resection No
22 M 15 L4-5 Ewing sarcoma Yes CT 4-7, A-D Gross total resection  Yes
23 M 55 L5-S1 SFT No No 5-9, A-D Gross total resection  Yes
Abbreviations: ATBS, Adjuvant therapy before surgery; CT, chemotherapy; ET, Endocrine therapy; LCH, Langerhans cell histiocytosis; PE, preoperative emboliza-
tion ; GCTB, giant cell tumor of bone; RT, radiotherapy; SFT, solitary fibrous tumor.
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Surgery Outcomes and Radiographic Evaluation

A total of 46 S2AI screws were implanted successfully by
senior spine surgeons. All screws were inserted success-
fully without replacement (Figure 2). The length of
implanted screws was detailed in Table 2. All patients
received postoperative plain radiography and CT scans to
evaluate the locations of the screws. The results con-
firmed that 43 screws were in good positions with an
accuracy rate of 93.5% (43/46). Three screw breaches
(6.5%) were observed in three patients, including one
screw penetrating the anterior iliac cortex and two screws
penetrating posterior iliac cortexes (Figure 3). Two of the
screws were graded as 1 (mild), and one was graded as
2 (moderate).

Complications

All surgery-related complications were detailed in Table 2.
The three patients with screw breaches showed no complica-
tions of the vessel or visceral injuries. Eight (34.8%) of the
patients experienced postoperative complications. Three
(13%) patients had a postoperative cerebrospinal fluid leak.
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Two (8.7%, case 9, 19) patients had wound infection and
underwent reoperation. One patient (case 9) had a treatment
history of target therapy and radiotherapy before surgery.
Another one developed delayed infection 7 months after sur-
gery and underwent a debridement procedure. Two (8.7%)
patients had evidence of S2AI screw lucent zones, however,
no fixation failure occurred. One patient developed a pulmo-
nary infection and recovered after symptomatic treatment.

Follow-Ups

The mean follow-up was 31.6 = 15.3 months (range,
13-60 months) after surgery. None of the patients had implant
prominence or pain during the follow-up. Twenty patients
received systemic adjuvant therapy according to the type of
pathology, including chemotherapy, endocrine therapy, target
therapy, immunotherapy, radiotherapy, bisphosphonates, and
denosumab. The other three patients (case 16, 19, 21) who
underwent en bloc resection of the tumor were regularly
followed up only after surgery. At the latest follow-up, eight
patients had tumor-free survival, 11 survived with tumor, and
four died of the disease. The Kaplan-Meier survival curve

TABLE 2 Surgical data and outcomes of patients with at least 12-month follow-up after S2Al screw placement

No. OT (mins) BL (ml) SL (mm) SD (mm) Screw Breach Reconstruction Complications Adjuvant therapy FU/outcomes
1 210 1400 80 7.0 No L3-4, S1 PS + S2Al + AVB + BC Target+ diphosphonate 31/DOD
2 170 800 80 7.0 No L4-5 PS + S2Al ET + diphosphonate 34/SWT
3 260 1500 80 7.0 No L3-4, S1 PS + S2Al 4+ AVB + AB Cerebrospinal Target+ diphosphonate 60/TFS
fluid leak
4 190 800 80 7.5 No L3-5 PS + S2Al ET + diphosphonate 29/SWT
5 250 1800 80 7.0 Right (grade 1) L3-4, S1 PS + S2Al4+ TM + BC ET + diphosphonate 56/SWT
6 175 1300 80 7.0 No L4-5 PS + S2Al Screw lucent Target+ diphosphonate 36/SWT
zone
7 265 1400 90 8.5 No L3-4, S1 PS + S2Al + AVB + BC CT + RT+ diphosphonate 14/DOD
8 155 1900 90 8.5 No L4-5 PS + S2Al Target+RT+ diphosphonate 21/SWT
9 190 600 80 7.0 No L4-5 PS + S2Al Wound Target+ diphosphonate 13/DOD
infection
10 210 1000 80 7.0 No L3-4, S1 PS + S2Al + AVB + BC ET + RT + diphosphonate 20/SWT
11 195 1100 80 8.5 No L3-4, S1 PS + S2Al + AVB + BC RT + diphosphonate 19/SWT
12 180 4000 80 8.5 No L4-5 PS + S2Al Target+PD1 + diphosphonate 15/SWT
13 170 1500 90 8.5 No L4-5 PS + S2Al Cerebrospinal Target+diphosphonate 15/SWT
fluid leak
14 290 3200 80 7.0 Right (grade 2) L3-4, S1 PS + S2Al + AVB + AB Denosumab 52/TFS
15 275 1600 80 7.0 No L2-4, S1 PS + S2Al + AVB + AB Denosumab 24/TFS
16 205 700 80 7.0 Left (grade 1) L4-5 PS + S2Al No 26/TFS
17 370 2200 80 7.0 No L3-4, S1 PS + S2Al + AVB + AB CT + RT 32/TFS
18 210 900 90 8.5 No L4-5 PS + S2Al RT 44/TFS
19 190 1200 80 7.5 No L4-5 PS + S2Al Delayed No 27/TFS
wound
infection
20 160 600 80 7.5 No L4-5 PS + S2Al RT 26/SWT
21 270 1200 80 7.0 No L3-4, S1 PS + S2Al + AVB + AB Cerebrospinal No 56/TFS
fluid leak
22 310 1700 80 7.0 No L2-3, S1 PS + S2Al + AVB + AB  Screw lucent CT + RT 60/SWT
zone
23 265 3500 80 7.5 No L3-4, S1 PS + S2Al + TM + BC Lung infection Target (Pazopanib) + RT 16/DOD
Abbreviations: AB, autogenous/allogeneic bone; AVB, artificial vertebral body; BC, bone cement; CT, chemotherapy; DOD, died of disease; ET, Endocrine therapy;
FU, Follow-up; OT, operation time; PD1: programmed cell death protein-1 inhibitor; PS, pedicle screws; RT, radiotherapy; SD, screw diameter; SL, Screw length;
SWT, survival with tumor; TFS, tumor free survival; TM, titanium mesh.
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Fig. 3 Postoperative computed tomographic scan on axial slice showed
an anterior breach of S2Al screw on the right side

demonstrated an overall survival rate of 82.6% during a mean
follow-up time of 31.6 months (Figure 4).

Discussion
n this study, all screws were successfully placed by free-
hand. The results showed three (6.5%) screws penetrated
the iliac cortex, indicating a 93.5% of implantation accuracy
rate. No complications of iatrogenic neurovascular or visceral
structure were observed.

Feasibility and Safety of S2AI Screw

The S2AI screw technique for spinopelvic fixation has been
described in detail in the literature. This technique can be per-
formed with the assistance of a navigation system, robot,
C-arm fluoroscopy, or freehand placement™>'®**. However,
due to navigation or robotic system not being available in all
centers, it was challenging to popularize and promote the tech-
nique. Furthermore, the requirement of intraoperative CT scan
for the navigation system or robotic assist increases radiation
exposure. The freehand S2AI technique, which was guided by
anatomical landmarks, was presented and described in detail by

Fig. 2 Case 15. Giant cell tumor of bone at L5 in a 30-year-old woman.
(A) Sagittal T2-weighted magnetic resonance imaging showed the tumor
involving L5 vertebral body. Coronal (B) and axial (C) T1-weighted
enhanced magnetic resonance imaging demonstrated the extent of the
tumor with spinal canal compromise. (D) Axial computed tomographic
scan demonstrated the tumor with osteolytic destruction.
Anteroposterior (E) and lateral (F) radiographs showed a stable
construct at 2 years postoperatively. (G) Postoperative computed
tomographic scan demonstrated no breach of the screws
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Fig. 4 Kaplan—Meier survival curve

Park et al'? in 2015. Studies have shown that freechand tech-
nique based on anatomical landmarks has become a mature
and consistent technique™>™'*'***%° After mastering S2AI
screw technique, we began to use the freechand technique
in 2016.

Previous anatomic and clinical studies have demonstrated
that the freehand S2AI screw technique is as safe, accurate, and
reliable as navigation and robotics. Park et al. described a free-
hand S2AI screw technique in fresh-frozen human cadavers
using pelvic anatomic landmarks". Eight screws were
implanted with the direction of an approximately 20° caudal
angle in the sagittal plane and 30° horizontal angle in the coro-
nal plane connecting the posterior superior iliac spine (PSIS).
They reported an accuracy rate of 100% evaluated by fluoros-
copy and naked eye examination. Their team had also reported
a total of 45 S2AI screws in 23 patients, only five of which
demonstrated a breach, with no visceral or neurovascular com-
plications'*. Lombardi and colleagues preferred the freehand
technique when spinopelvic fixation was required, which was
thought to be a simple, safe, and effective method”. Shillingford
et al. described the freehand S2AI screw technique in which the
entry point is lateral to the midpoint of the S1-2 dorsal fora-
men, directed toward the AIIS by aiming to a point just cepha-
lad to the posterior edge of the PSIS and perpendicular to the
lateral sacral crest’. The results showed that the average caudal
angle was 24.2° £ 10.0° in the sagittal plane, and the mean
horizontal angle was 39.3° & 8.2° in the axial plane. The
reported accuracy was 95% and only 5% of the screws were
placed with cortical breaches. Their team then compared the
accuracy of the freehand technique with that of the robot-
guided insertion of S2AI screws, showing no difference in accu-
racy between the two methods (94.9% vs. 97.8%, p = .630)*.

In our series, individualized protocols were performed
to place S2AI screws. We excluded patients with tumors
involving the bone of the dorsal foramina between S1 and S2
due to the compromised anatomic landmark of the entry
point. The entry point was 2 mm lateral to the midpoint of
the dorsal foramen of S1-S2. The screw direction was
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20°-30° caudally in the sagittal plane and 40° horizontally in
the axial plane, pointing to the AIIS, about two fingers of the
superior border of the greater trochanter. The postoperative
evaluation showed that only three (6.5%) screws were dem-
onstrated to have cortex breaches, and the accuracy rate of
screw placement was 93.5%. There were no neurovascular
and visceral injury complications related to S2AI screws dur-
ing the operations, which was consistent with reports in the
literature.

Advantages and Disadvantages of S2AI Screw
The advantages of S2AI screws for spinopelvic fixation make
this technique more popular in recent decade. Most impor-
tantly, S2AI screw placement requires less dissection of the
soft tissue. The rate of wound infection was significantly
lower in patients with S2AI screws compared with those with
iliac screws because the iliac screw technique requires dis-
section of the subcutaneous tissue off the lumbosacral fascia
to the level of the PSIS*** In De la Garza Ramos’s meta-
analysis, the infection rate in the iliac screw group was 25.4%
compared with only 2.6% in the S2AI group®*. In our series,
the wound infection was 8.7%, which was similar to the liter-
ature reports. Secondly, the location of conventional iliac
screws is not in line with proximal lumbar screws, requiring
offset-connectors for the connection of rod-system and iliac
screws. In contrast to iliac screws, S2AI screws are in line
with the posterior rod-system, without requiring connectors
or complex bends for the connection with proximal lumbar
screws. Furthermore, due to the more extensive soft tissue
dissection, iliac screw implantation causes more soft tissue
damage than S2AI screws. Moreover, the deeper location of
S2AI screws entry point and more extensive soft tissue cov-
ering than conventional iliac screws results in less risk of
implant prominence, reducing associated complications.
However, there are also disadvantages to S2AI screw
fixation. Some scholars believe that S2AI screw fixation has a
higher rate of implant failure. Guler et al. found a failure rate
of 35% for S2AI screws and 12% for iliac screws (p > .05) in
their retrospective study””. All screw breakages were associ-
ated with the S2AI technique. Therefore, long-term follow-
up results of S2AI screws need to be supported by large
sample studies. There was no failure of internal fixation in
our series during the follow-up. One of the reasons was that
no patients had a spinal deformity, and the balance between
sagittal and coronal planes was not disturbed after the
operation.

Indications

Current indications for spinopelvic fixation with S2AI screws
mainly include high-grade spondylolisthesis, long-segment
fusion constructs, flat back deformities, three-column
osteotomies, and correction of pelvic obliquity”™*. However,
there is no consensus on the indications in the literature. It
has been reported that S2AI screw fixation is also suitable for

. . . 2,30,
sacropelv1c reconstruction after sacral tumor resection>>° 36,
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but it is not widely used because lumbosacral spinal tumor is
not common.

Strengths and Limitations

To the best of our knowledge, this study has the largest
group of patients with lumbosacral tumors treated with the
S2AI technique. Tumors in this region often require segmen-
tal resection or spondylectomy, which can cause spinal insta-
bility and require three-column reconstruction. In order to
minimize surgical complications, S2AI screw fixation was
selected as the preferred method. Therefore, we posit that
the S2AI technique is suitable for spinopelvic reconstruction
when no tumor is present in the bone between the S1-S2
dorsal foramina.

This study has limitations. First, this is a retrospective
study design without a control group. Second, the number of
included patients was small. Third, the group of patients was
heterogeneous in pathological diagnosis, which may lead to
bias in the sample. Fourth, the follow-up time was not long
enough to obtain extensive clinical data. Therefore, further
prospective controlled studies with a large sample and long-
term follow-up are required.

Conclusion

The freehand S2AI screw technique is reproducible, safe, and
reliable in the management of lumbosacral spinal tumors. It
is worth popularizing because this technique can decrease
soft tissue dissection, potentially reduce operative time,
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intraoperative fluoroscopy and radiation exposure, and yield
fewer wound complications.
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