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Introduction

Distal fixation of the end of thoracolumbar deformities 
can be challenging. Isolated S1-pedicle screw fixation is 
reported to have a high rate of pullout failure or breakage 
(up to 44%), and pseudarthrosis (up to 33%) (1-3). Some 
modified techniques have been introduced to improve the 
fixation strength and decrease the failure rate, including 
traditional iliac fixation, S1 cemented augmentation, S1 
bicortical screws and S2 alar screw fixation (4-6). Traditional 

iliac screw fixation has improved resistance to pullout (7). 
The combination of the iliac screws and S1-pedicle screws 
for distal fixation can protect the S1 screw from failure and 
increase the rate of fusion (8,9).

The traditional iliac screw entry point is at the posterior 
superior iliac spine and requires considerable soft tissue 
dissection in order to remove the bone block for screw 
insertion. Iliac screws sit in a lateral position compared to 
the S1 pedicle screw; thus, an offset connector is used to 
connect the iliac screw to the rod. However, this has the 
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potential to increase the risk of wound complications, and 
increase post-operative pain in patient secondary to the 
extensive soft tissue manipulation. Moreover, the short 
distance between the screw end and skin may result in 
instrumentation prominence and subsequent pain (9,10).

To overcome these challenges, a novel S2-alar-iliac (S2AI) 
screw fixation technique has been developed (11,12). The 
S2AI screw entry point is medial to the iliac screw, requiring 
less soft tissue dissection, and avoiding instrumentation 
prominence. As such, this technique is a potential 
alternative fixation to Galveston or iliac screw fixation. 

Anatomy

In order to illustrate the feasibility of the S2AI screw 
fixation and provide instructive data, several anatomic 
studies were conducted on computed tomography (CT) 
and cadaveric specimens (11,13-16). Parameters measured 
included (Figure 1): SL/STL: screw length or screw 
trajectory length; SLIS: screw length of the intrasacral 
part; IW: iliac width as defined by the narrowest iliac width 
measured between the inner cortices in the transverse 
plane; α: angle between screw trajectory and horizontal line 
in the sagittal plane; β: lateral trajectory angulation in the 
transverse plane; and γ: angle between screw trajectory and 
middle vertical line in the coronal plane. Typical S2AI screw 
trajectory parameters published previously (11-14,17) are 
summarized in Table 1. The angle between screw trajectory 
and horizontal line in the sagittal plane ranges from 27.5° 
to 48.8°, and averages 27.5° to 39.0°. The lateral trajectory 

angulation in the transverse plane ranges from 30.8° to 
67.3°, and averages 32.4° to 52.2°. The angle between screw 
trajectory and middle vertical line in the coronal plane 
ranges from 19° to 49.2°, and averages 29.0° to 34.6°. 

Technique procedure

Reported mean values for iliac bone width range from  
12.2–18.5 mm in different studies (12,13,17). Therefore, 
screws with diameter of 6.5 mm are suitable for most 
patients and 7.5 and 8.5 mm screws should also be well 
tolerated. The length of screw could be chosen from 65 to 
120 mm depending on the specific anatomy of individuals. 

The optimal entry point of S2AI screw is located 
approximately 1 mm inferior and 1 mm lateral to the S1 
dorsal foramen (11) (Figure 2), which is more medial and 
lower profile than iliac screw fixation. After determining the 
screw entry point, a drill or probe is used to fashion the screw 
trajectory (Figure 3), which can vary among individuals. Pre-
operative screw trajectory measurements and intra-operative 
imaging may help optimize screw trajectory. 

In 2015, Park et al. (18) reported the free hand S2AI 
insertion technique on cadaveric specimen. The midpoint 
between the S1 and S2 foramen and 2 mm medial to the 
lateral sacral crest was chosen as the entry point. After 
insertion of eight S2AI screws, visual and C-arm evaluation 
of the screw trajectory demonstrated accurate placement of 
all screws, with no violation of the sciatic notch, acetabulum, 
or pelvic cavity. The authors suggested that the free hand 
technique could reduce radiation exposure and surgical time.

Figure 1 Representation of the parameters measured on CT images or cadaveric specimens. SL/STL, the screw length or screw trajectory 
length; SLIS, the screw length of the intrasacral part; IW, the iliac width defined as the narrowest iliac width measured between the inner 
cortices in the transverse plane; α, the angle between screw trajectory and horizontal line in the sagittal plane; β, the lateral trajectory 
angulation in the transverse plane; γ, the angle between screw trajectory and middle vertical line in the coronal plane. 
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Table 1 S2AI screw trajectory parameters reported in the literature

Parameters O’Brien 2009 O’Brien 2010 Chang 2009 Zhu 2013 Zhu 2013 Yamada 2017 Yamada 2017

Countries USA USA USA China China Japan Japan

Method of 
evaluation

Fresh cadaveric spine 
(n=10)

Fresh cadaveric 
spine (n=8)

CT (n=20) CT (male) 
(n=30)

CT (female) 
(n=30)

CT (male) 
(n=40)

CT (female) 
(n=40)

SL/STL (mm)

Left 84.0±10.7 [70–100] 89.5±18.7 (69–118.2) 106.3±8.9
# 

(88.3–124)
121.3±8.3

# 
114.8±9.4

# 
121.5±10.3 113.8±9.6

Right 84.0±10.7 [70–100] 95.4±20.4 (71.3–120) 103.7±9.9
# 

(77.5–122.5)
120.6±7.5

# 
115.7±8.2

# 
121.8±10.1 112.7±9.1

SLIS (mm)

Left 42.0±11.0 (25.6–59.4) 28.2±9.7 (10–35) 35.5±4.6 
(25.7–43.4)

26.2±3.3 27.7±6.0 – –

Right 43.0±12.0 (22.1–61.0) 31.2±5.0 (26.0–41.3) 33.9±5.3 
(19–41.8)

26.9±4.8 28.0±5.2 – –

IW (mm)

Left – – 12.4±1.9 
(10.4–17.3)

17.0±3.5 14.8±2.5 18.1±3.4 15.9±2.8

Right – – 12.2±2.1 
(7.5–16.9)

17.0±2.8 14.9±2.6 18.5±3.7 16.0±3.1

α (°)

Left – – 38.4±5.5 
(28.5–48.8)

29.2±8.6 34.5±6.6 27.5±6.8 33.4±6.4

Right – – 39.0±5.0 
(29.1–48.6)

30.0±8.3 35.7± 7.5 28.0±7.2 33.9±6.6

β (°)

Left 46.0±10.8* (33.9–67.3) 50.1±5.4* (43.8–58) 38.9±3.3 
(31.7–46.5)

36.5±3.1 35.7±3.8 37.9±7.0 32.8±7.6

Right 52.2±5.4* (44.0–60.4) 45.4±8.8* (32.0–57.0) 40.8±6.1 
(30.8–58.0)

37.1±3.1 36.3± 3.3 37.7±7.5 32.4±7.1

γ (°)

Left 32.0±5.3 (21.6–40.0) 29.4±7.7 (22.9–45.0) – – – – –

Right 34.6±6.6 (24.5–49.2) 29.0±9.8 (19.0–46.2) – – – – –
#
, the max length of screw trajectory; *, data calculated from its supplementary angle. S2AI, S2-alar-iliac; SL/STL, the screw length or 

screw trajectory length; SLIS, the screw length of the intrasacral part; IW, the iliac width defined as the narrowest iliac width measured 
between the inner cortices in the transverse plane; α, the angle between screw trajectory and horizontal line in the sagittal plane; β, the 
lateral trajectory angulation in the transverse plane; γ, the angle between screw trajectory and middle vertical line in the coronal plane.

Biomechanics

In 2013, O’Brien et al. (19) used seven human cadaveric 
spines to compare the biomechanical properties of 65-mm  
S2AI screws, 80-mm S2AI screws, and 90-mm iliac 
screws. The authors found that 65-mm S2AI screws were 

biomechanically equivalent to 80-mm S2AI screws and  
90-mm iliac screws. Upon modification of S2AI screw 
fixation to penetrate through the posterior iliac cortex 
(quad-cortical S2AI screw fixation), no significant 
differences in biomechanical properties were demonstrated 
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as compared to the previous fixation models. The cadaveric 
biomechanical study of Burns et al. (20) also found that 
the S2AI and iliac screws had similar biomechanical 
properties in regards to construct stiffness and failure. 
Hoernschemeyer et al. (21) found that S2AI screw fixation 
has a consistent trend towards increased construct stiffness, 
but was not statistically significant. 

Another cadaveric biomechanical study conducted by 
Sutterlin et al. (22) compared five different models: L2-S1  
pedicle screws fixation; L2-S1 pedicle screws fixation + 
S2AI screw fixation; L2-S1 pedicle screws fixation + L5/S1 
TLIF (transforaminal lumbar interbody fixation); L2-S1  
pedicle screws fixation + L5/S1 AxiaLIF (axial lumbar 
interbody fixation); and L2-S1 pedicle screws fixation + 
S2AI screw fixation + L5/S1 AxiaLIF. Strain gauges were 
placed on two S1 screws and one rod at the level of L5/S1. 
They found that the S2AI screws can reduce the strain on 
S1 screws during flexion-extension, lateral bending and axial 
torsion and can reduce rod strain during lateral bending 
and axial torsion as compared to AxiaLIF and interbody 
instrumentation models. However, this came at the expense 
of increased rod flexion-extension strain. 

Preliminary clinical results

Sponseller et al. (23) reported on 32 consecutive pediatric 
patients who underwent S2AI screw fixation and found 
that the correction of pelvic obliquity and Cobb angles 
were 20°±11° (70%) and 42°±25° (67%), respectively. 
Compared to the 27 control patients who underwent spinal 
fusion and pelvic fixation with sacral or iliac screws, S2AI 
screw fixation demonstrated significantly better pelvic 

obliquity correction. Additionally, there were no vascular 
or neurologic complications, deep surgical site or wound 
infections reported in the S2AI group, and only four 
patients that developed superficial wound infections. In 
contrast, the control group developed three deep wound 
infections, and two instances of superficial wound infection 
or partial wound dehiscence. CT images obtained for  
18 patients in the S2AI group showed no screw penetration 
into the pelvis, one screw tip with lateral protrusion  
(<5 mm), and one asymptomatic breakage of a 7-mm S2AI 
screw neck that did not require revision. Of note, one 
S2AI patient reported postoperative sacroiliac joint pain, 
requiring revision with longer screws bilaterally. 

Mazur et al. (24) reported on 13 patients treated by 
S2AI screws fixation (26 S2AI screws), and found partial 
peri-screw lucency in 7 S2AI screws (27%) was found in 5 
patients (38%), without major screw-related complications 
or sacroiliac joint degeneration. Mazur et al. (25) also used 
S2AI fixation in treatment of pyogenic vertebral diskitis and 
osteomyelitis at the lumbosacral junction. They suggested 
that S2AI fixation could provide rigid posterior fixation. 

Ilyas et al. (26) compared S2AI to traditional iliac screw 
fixation and found S2AI screw fixation had decreased the rate 
of implant loosening, acute wound infections, delayed wound 
problems and revision surgery. A retrospective comparative 
study conducted by Elder et al. (27) also found that S2AI 
had lower rates of reoperation, surgical site infection, 
wound dehiscence and symptomatic screw prominence 
than iliac screw fixation. This study showed similar rates of 
pseudarthrosis, proximal junctional kyphosis and functional 
outcomes between S2AI versus iliac screw fixation. However, 
these studies are done retrospectively with short term follow 
up. Future prospective, long-term follow-up studies need to be 
conducted, with inclusion of joint penetration, and sacroiliac 
joint fusion or degeneration in outcome assessments (28,29).

Minimally invasive S2AI screw fixation

S2AI screws can also be inserted percutaneously. O’Brien 
et al. (14) performed percutaneous S2AI fixation on eight 
cadaveric spines, with visualization of the first dorsal 
foramen through standard anteroposterior and inlet 
radiographs, avoiding visceral or neurovascular structure 
injury. Martin et al. (30) also performed percutaneous 
S2AI screw fixation on two patients (a 69-year-old female 
with follicular thyroid carcinoma metastatic to the sacrum 
and a 55-year-old male with a sacral fracture), reporting 
minimal blood loss without intraoperative complications 

Figure 2 The optimal entry point (red cross) of S2AI screw is 
located approximately 1 mm inferior and 1 mm lateral to the S1 
dorsal foramen. 
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and immediate achievement of stability. El Dafrawy and 
Kebaish (31) reported on a 65-year-old woman who had 
an iliac stress fracture that progressed to nonunion. The 
authors performed the percutaneous S2AI screw fixation 
technique on her, with symptom relief reported at 2 months 
and radiographic union at 6 months. Funao et al. (32) 

additionally reported that the use of percutaneous of S2AI 
screw fixation was effective in the treatment of two cases 
of spondylodiscitis (one at L4-5, another at L5-S1). All 
these studies support that percutaneous S2AI screw fixation 
is a feasible and safe technique, with the added benefit of 
limited soft tissue damage.

Figure 3 Intra-and post-operative images of the S2AI screw fixation technique. (A) Utilization of a probe to determine screw trajectory; 
(B) intra-operative fluoroscopy indicating accurate probe trajectory through the sacral iliac joint and into the iliac bone; Intra-operative 
anteroposterior (C) and lateral (D) fluoroscopy demonstrating S2AI screw fixation; (E,F) post-operative 3D CT reconstruction of S2AI 
screws fixation. S2AI, S2-alar-iliac.

G

AA B

C D

E F
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Image-/robotic-guided S2AI screw fixation

Hu et al. (33) retrospectively reviewed the use of robotic 
guidance to insert 35 S2AI screws in 18 patients and 
reported no intra-operative complications with all screws 
demonstrating accurate trajectories on post-operative CT 
scans. To confirm the placement of the screws, the authors 
measured the distance between the pre-operative planned 
screws and post-operative inserted screws at two sites (one 
at the screw entry point, the other at the 30 mm depth 
point). They found that post-operative screws deviated 
from the pre-operative planned trajectories by 3.0±2.2 and 
2.1±1.3 mm in the axial plane at the screw entry point and 
30 mm depth point, respectively, and 1.8±1.6 and 1.2±1.1 
mm in the lateral plane at the screw entry point and 30 mm 
depth point, respectively.

Bederman et al. (34) utilized robotic guidance to insert 
31 S2AI screws and determined that all screws’ trajectories 
were placed accurately. Hyun et al. (35) also used robotic 
guidance to insert S2AI screws on four adult spinal 
deformity patients, and found that average surgical time was 
13 min and 5.3 s of fluoroscopy per screw. All S2AI screws 
were placed accurately, without intra- or post-operative 
complications.

Image-/robotic-guided S2AI screw fixation can be 
performed by traditional open approach or minimally 
invasive approach. Current retrospective studies suggest 
that image-/robotic-guided S2AI screw fixation is a feasible 
and safe option for accurate screw placement.

Conclusions and key points

(I)	 The S2AI screw fixation is an anatomically feasible 
pelvic fixation technique, requiring less soft tissue 
dissection and avoiding instrumentation prominence;

(II)	 The S2AI screw entry point is approximately 1 mm 
inferior and 1 mm lateral to the S1 dorsal foramen;

(III)	 The diameter of S2AI screws ranges from 6.5 to 8.5 mm, 
and the length ranges from 65 to 120 mm;

(IV)	 The S2AI screw can be inserted percutaneously or 
free handedly;

(V)	 There is no significant difference in biomechanical 
properties between S2AI and iliac screws; 

(VI)	 Retrospective, short-term outcomes reported in 
the literature show that S2AI has lower rates of 
reoperation, surgical site infection, wound dehiscence 
and symptomatic screw prominence than iliac screw 
fixation;

(VII)	Image or robotic guidance may provide a feasible and 
safe option for accurate screw placement.
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