
418

ORIGINAL ARTICLE SPINE SURGERY AND RELATED RESEARCH

Novel Technique for Sacral-Alar-Iliac Screw Placement Using
Three-Dimensional Patient-Specific Template Guide

Keitaro Matsukawa1), Yuichiro Abe2) and Ralph Jasper Mobbs3)4)

1) Department of Orthopaedic Surgery, National Hospital Organization, Murayama Medical Center, Tokyo, Japan
2) Department of Orthopaedic Surgery, Wajokai Eniwa Hospital, Eniwa, Japan
3) Department of Neurosurgery, Prince of Wales Private Hospital, Randwick, Sydney, Australia
4) NeuroSpine Surgery Research Group (NSURG), Level 7, Prince of Wales Private Hospital, Sydney, Australia

Abstract:
Introduction: The sacral-alar-iliac (SAI) screw technique is becoming popular for sacropelvic fixation. However, appro-

priately placing SAI screws is technically demanding because of a narrow safe corridor and the risk of neurovascular/vis-

ceral injuries. Recently, a three-dimensional patient-specific template guiding technique for pedicle screw placement has

been considered a promising method to improve accuracy and safety. The objective of the present study was to investigate

the accuracy of SAI screw placement with a patient-specific template guide using cadaveric and prospective clinical pilot

studies.

Methods: Three-dimensional planning of SAI screw placement, including entry point, screw trajectory, length, and di-

ameter, was performed using a computer simulation software. Then, three-dimensional printed patient-specific template

guides were created based on the plan. Firstly, a total of 12 SAI screws were placed for 6 cadaveric specimens using the

guides. Next, in a prospective clinical trial, a total of 20 SAI screws were placed for 10 consecutively enrolled patients. The

safety and accuracy of screw placement were analyzed using postoperative computed tomography by the evaluation of any

cortical breach and measurement of screw deviations between the planned and actual screw positions.

Results: All the screws showed no perforation. In the cadaveric study, the mean horizontal and vertical deviations from

the planned screw position at the entry point were 1.40±1.21 mm and 1.34±1.09 mm, respectively. The mean angular devia-

tions in the sagittal and transverse planes were 1.68°±1.24° and 1.53°±1.06°, respectively. The results of the clinical study

showed comparable accuracy with those of the cadaveric study, except for the vertical deviation at the entry point (p=

0.048).

Conclusions: This is the first study to evaluate the feasibility and accuracy of using a patient-specific template guide for

SAI screw placement. This technique could become an effective solution to achieve accurate screw placement.
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Introduction

Spinopelvic fixation is necessary for long fusion to the

sacrum for the management of complex spinal pathologies,

including fracture, infection, osteoporosis, tumors, and spi-

nal deformities. The lumbosacral junction is one of the chal-

lenging spinal regions to undergo a solid fusion using pelvic

anchors during posterior spinal arthrodesis because of poor

sacral bone quality, complex anatomy, proximity to major

neurovascular structures, and significant mechanical force,

often leading to pseudoarthrosis and instrumentation fail-

ure1). Surgeons need to achieve a satisfactory distal founda-

tion at the pelvis to resist considerable cantilever force gen-

erated by the long lever arm of multiple spinal constructs. In

the literature, several supplemental pelvic fixation techniques

have been reported, such as the Galveston technique2), Jack-

son technique3), S2 alar screws4), iliac screws5), and the four-

rod fixation technique6).
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Over the last decade, the sacral-alar-iliac (SAI) screw

technique has been accepted for reliable sacropelvic fixa-

tion7-9). The rationale for SAI screw insertion is a medialized

entry point that does not require wide dissection of the sac-

ral paraspinal muscles, and it aligns with the cranial screws,

eliminating the need for additional offset connectors and

complicated rod bending for rod assembly. The SAI path-

way crosses the sacroiliac (SI) joint and travels between the

inner iliac cortices through the sciatic notch toward the ante-

rior inferior iliac spine, allowing for the placement of longer

and larger screws10). Biomechanical studies have demon-

strated superior performance of SAI screws over iliac screws

because of a higher level of cortical bone purchase11,12).

These advantages are associated with lower rates of surgical

infection, symptomatic screw prominence, pseudoarthrosis,

and reoperation13,14).

This innovative instrumentation technique can achieve

both minimal invasiveness and strong anchoring; however,

appropriately placing the SAI screws is sometimes challeng-

ing because of a narrow safe corridor and the risk of neur-

ovascular or visceral injuries, necessitating high-level surgi-

cal skill to enhance accuracy. A variety of attempts have

been proposed to secure screw placement, such as the free-

hand curved gearshift-guided technique15), fluoroscopic

teardrop-view technique9), inertial measurement units-guided

technique16), intraoperative three-dimensional (3D) navigation

technique17,18), and robotic guidance technique19,20).

Recently, with the development and practical application

of 3D printing technology, a patient-specific drill guide tech-

nique for the successful placement of pedicle screws has

been considered as a promising method to improve accuracy

and safety21,22), with a deviation accuracy of <1 mm and <

2°23,24). A randomized cadaveric study has shown superior

screw placement using a patient-specific template guide

technique in terms of reduced instrumentation time, greater

accuracy, and lower radiation exposure compared with using

the free-hand fluoroscopy-assisted technique25). However, to

the best of our knowledge, there has been no report on the

feasibility of a SAI screw guide. The objectives of the pre-

sent study were as follows: (1) to investigate the accuracy of

SAI screw placement with a patient-specific drill guide us-

ing a cadaveric study and (2) to evaluate the initial screw

accuracy in a case series.

Materials and Methods

Cadaveric study

Lumbosacral segments were obtained from 6 freshly fro-

zen Caucasian cadaveric specimens (2 males and 4 females,

with an average age of 70.0±14.2 years) without fractures,

infection, or metastatic spinal lesions. A total of 12 SAI

screws were inserted using the patient-specific guide tech-

nology (MySpine MCⓇ, Medacta International, Switzerland).

Preoperative planning

A 3D model of the sacropelvic segments was virtually re-

constructed using preoperative computed tomography (CT)

data with a slice thickness of 0.5 mm using MimicsⓇ (Mate-

rialise, Leuven, Belgium). Then, 3D planning of SAI screw

placement, including entry point, screw trajectory, length,

and diameter, was performed by a surgeon using Solid-

worksⓇ (Dassault Sysètmes, Vélizy-Villacoublay, France)

(Fig. 1). The starting point of the SAI screw was 1 mm in-

ferior and 1 mm lateral to the S1 dorsal foramen, and the

trajectory was directed so as to penetrate the SI joint toward

the anterior inferior iliac spine8). Based on the planning of

the implant position, a 3D-printed patient-specific drill guide

and sacral mold that reproduced the posterior anatomy of

bone surface were manufactured using medical-grade

polyamide and used after steam sterilization, similar to other

implants (Fig. 2). The guides were equipped with drill

sleeve structures for bilateral S1 screws and a unilateral SAI

screw, but no additional surgical exposure was needed for

guide-setting.

Surgical procedure

Through a midline skin incision, the paraspinal muscles

were dissected to expose the entry points of the SAI screw.

After meticulous posterior bone surface exposure, the guide

was set on the sacral bone’s surface (Fig. 3A). Once proper

fitting of the guide was achieved, the surgeon could not feel

any movement of the guide on applying a slight digital pres-

sure. Then, the surgeon pushed the guide firmly to the pos-

terior bone surface to secure stable positioning and drilled

pilot holes (2.7 mm in diameter) through the guide tubes up

to the same depth as the planned screw’s length (Fig. 3B).

Following jig removal and guidewire placement in the initial

screw hole (Fig. 3C), the screw paths were prepared using

cannulated taps. Lastly, cannulated screws of preoperatively

determined sizes (MUSTⓇ, Medacta International, Switzer-

land) were placed (Fig. 3D). All the procedures were com-

pleted without fluoroscopic assistance.

Evaluation of screw position

Postoperative CT was performed with a slice thickness of

0.5 mm to check for any cortical breach outside the confines

of the pelvis. Then, the pre- and postoperative reconstructed

bone structures were superimposed, and deviations between

the planned and actual screw positions were computationally

analyzed: (1) screw position at the entry point, (2) caudal

angle of the trajectory in the sagittal plane, and (3) lateral

angle of the trajectory in the transverse plane. All radiologic

measurements were computationally performed by an inde-

pendent expert who was blinded to the study.

Clinical study

This was a retrospective study of prospectively enrolled

patients using a guide for SAI screw placement following

approval from our institutional ethics committee. The sub-
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Figure　1.　Example of preoperative planning for SAI screw placement.

Figure　2.　Design of the guide.

A 3D printed patient-specific template guide and sacral mold that reproduces the posterior anatomy 

of the bone’s surface. The guide is equipped with drill sleeve structures for bilateral S1 screws and a 

unilateral SAI screw.

jects comprised 10 consecutively enrolled patients (1 male

and 9 females, with an average age of 72.1±6.0 years) who

underwent lumbosacral spinal fusion. There were 8 patients

with degenerative scoliosis and 2 with degenerative kypho-

sis. The surgical procedure was essentially the same as men-

tioned previously with Hall frame. After initial screw hole

creation by drilling through the guide tube up to 50 mm to

penetrate the SI joint, a probe was used to develop the rest

of the screw path using a manual technique. Once the holes

were confirmed to be intraosseous using a pedicle feeler, the

depth was measured and cannulated screws inserted over a

guidewire. If necessary, the surgeons verified the accuracy

of the final screw position based on a pelvic inlet view and

lateral view using intraoperative fluoroscopy26). No patient

required repositioning of the SAI screws after the intraop-

erative confirmation of screw placement. Postoperative CT

was performed within a week after surgery, and deviation

accuracy was evaluated by superimposing the pre- and post-

operative CT images.

Statistical analysis

All results are shown as mean±standard deviation. The

Mann-Whitney nonparametric test was performed to com-

pare the accuracy between the cadaveric and clinical studies.

JMPⓇ version 12 (SAS, Cary, NC, USA) was used for all

the analyses, with the level of significance set as p <0.05.
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Figure 3. Intraoperative images using a patient-specific template guide for SAI screw placement.

A. Exposure and placement of the guide

B. Screw hole creation by drilling (2.7 mm in diameter)

C. Jig removal and guidewire placement

D. After-implant placement

Figure　4　Superimposition of the planned and postoperative 3D reconstructed CT images.

The superimposed image demonstrates accurate SAI screw placement.

Table　1.　Mean Deviation Between Planned and Actual Screw 

Positions.

Parameters Cadaveric study Clinical study P-value

Horizontal (mm) 1.40±1.21 1.50±0.85 0.456

Vertical (mm) 1.34±1.09 2.39±1.89 0.048*

Sagittal plane (°) 1.68±1.24 2.64±1.77 0.192

Transverse plane (°) 1.53±1.06 2.45±1.59 0.193

*: p<0.05

Results

Cadaveric study

A total of 12 screws showed no cortical breach outside

the ilium. In terms of the screw position’s accuracy (Fig. 4),

the mean horizontal deviation between the planned and ac-

tual screw positions at the entry point was 1.40±1.21 mm,

whereas the mean vertical deviation was 1.34±1.09 mm (Ta-

ble 1). The mean angular deviations between the planned

and actual screw positions in the sagittal and transverse

planes were 1.68°±1.24° and 1.53°±1.06°, respectively.
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Table　2.　Perforation Incidence of Sacral-alar-iliac Screw.

Year Author Technique Rate

2009 O’Brien et al.8) Fluoroscopy 15%

2010 Nottmeier et al.17) Navigation 15.6%

2013 Ray et al.18) Navigation 2.8%

2016 Jost et al.16) Inertial measurement unit 5.6%

2017 Park et al.28) Free-hand 20%

2018 Shillingford et al.29) Free-hand 8%

2018 Shillingford et al.20) Robotic 2.2%

Present study Matsukawa et al. Patient-specific guide 0%

Clinical study

The mean actual screw size was 8.50±0.51 mm in diame-

ter and 83.16±4.78 mm in length. Among a total of 20

screws inserted for 10 patients using the SAI guide, the

postoperative CT showed that all the screws were in correct

positions, without any cortical breach, and there was no in-

cidence of neurovascular injuries. The mean horizontal and

vertical deviations between the planned and actual screw po-

sitions at the entry point were 1.50±0.85 mm and 2.39±1.89

mm, respectively. The mean angular deviations between the

planned and actual screw positions in the sagittal and trans-

verse planes were 2.64°±1.77° and 2.45°±1.59°, respectively.

The results of the clinical study showed comparable accu-

racy with those of the cadaveric study, except for the verti-

cal deviation (p=0.048).

Discussion

The present study is the first to investigate accuracy dur-

ing SAI screw placement using a patient-specific template

guide system. The results of the cadaveric accuracy study

and initial clinical experience showed no perforation, with

favorable reproducibility between the planned and actual

screw positions.

The narrow safety range of SAI screw placement may

cause an incidental cortical breach, potentially leading to

fixation failure and an injury to adjacent pelvic structures27).

Especially, anterior and inferior screw perforations cause

risks of major vessel injuries, which can result in cata-

strophic complications. During the initial phases of introduc-

tion of the SAI screw technique, O’Brien et al. performed a

cadaveric study and reported a 15% rate of cortical perfora-

tion of the ilium using the free-hand fluoroscopic technique8)

(Table 2)28,29). Appropriate screw placement needs both surgi-

cal experience and appropriate fluoroscopic support; how-

ever, optimizing the fluoroscopic setting is sometimes chal-

lenging because of complex and overlapping sacropelvic

bone anatomy, poor imaging quality, and problems with a

radiotransparent surgical table. To enhance SAI screw accu-

racy, several modern techniques have been introduced, such

as the intraoperative computer-based navigation technique

and robotic guidance technique, resulting in a 2.2%-15.6%

rate of screw perforation17,18,20). Although these innovative

technologies have been increasingly used in spine surgery

because of their high reproducibility of screw placement and

safety, the problems associated with these modalities include

great expense, need for extra personnel and large space for

equipment, and need for additional intraoperative radiation

exposure for registration and planning; therefore, the avail-

ability of these techniques is still limited. On the contrary,

the in situ patient-specific template guide technique is sim-

ple and relatively low-cost, with screw-placement accuracy

comparable to that of the robotic and computer-based navi-

gation techniques. In this study, we confirmed that all the

screws were without any cortical violation of the ilium;

however, higher deviations were observed in the clinical

study compared to those in the cadaveric study. The depth

of the pilot holes created by drilling (cadaveric study, full-

length drilling up to the same length as the planned screw;

clinical study, partial drilling up to 50 mm and the rest of

the screw path developed by manual probing) might affect

the differences in the deviations.

The acceptable results of the present study has practical

implications because the high-level accuracy of SAI screw

placement using template guides can lead to marked benefits

with regard to both safety and strong fixation. Similar to the

intraoperative 3D navigation technique, one of the rationales

for the use of a patient-specific guide is that surgeons can

perform preoperative 3D planning following the ideal trajec-

tory, which engages dense bone and maximizes the screw

length and diameter, potentially leading to rigid fixation

with improved fusion rates. Furthermore, this technique pro-

vides 2 major advantages in addition to its marked repro-

ducibility. First, simple and high operability using the guide

contributes to reduced operative time. This template guide is

designed to achieve sufficiently large and specific contact

with the posterior bone surface to provide stable fitting.

Contrary to a convergent screw trajectory that necessitates

extensive dissection for guide installation, SAI guides, using

a divergent drill tube, can be easily installed and obviate the

need for additional surgical exposure in comparison with the

conventional SAI technique. Accordingly, intraoperative

preparation, such as positioning of the guide and subsequen-

tial hole creation, becomes a quick and automatic process.

Second, the guide technique can reduce the amount of radia-

tion exposure for accurate screw insertion compared with a

CT-based navigation technique. Intraoperative radiation ex-

posure is still a critical problem for surgeons, medical staff,

and patients during spine surgery. Because the patient-

specific template guide system is based on the patient’s spi-

nal CT commonly taken prior to instrumentation surgery to

obtain osseous information, no additional radiation exposure

is needed for surgical planning and production of the guides.

For clinical use, it is not desirable to completely omit in-

traoperative radiation exposure to confirm its correctness;

however, the need for fluoroscopic assistance is significantly

reduced and required only once after final screw placement,

without sacrificing its accuracy.

There are some cautions to be exercised when using a
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guide. First, clean preparation of the bone surface, such as

meticulous removal of soft tissue and preservation of the

bone structure where the guide is to be attached, is essential

to achieve stable fitting. Second, high cost (200 USD total

for one segment) and time expenditures (2-week period until

shipment) are needed for preoperative planning and produc-

tion of the guides. A limitation of this study is the small

number of cases and lack of a control group comparing the

instrumentation time and radiation exposure dose for SAI

screw placement. Additionally, there is still a slight learning

curve using the guide that we did not examine. Further

clinical study of a large number of patients is necessary to

elucidate the potential benefits as well as reproducibility and

safety of using a guide.

In conclusion, to the best of our knowledge, this is the

first study to evaluate the feasibility and accuracy of a

patient-specific template guide for SAI screw placement.

This technique is simple and highly accurate and can be-

come an effective solution for achieving both correct screw

placement and a reduced incidence of complications.
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