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Abstract

In open surgery for spine stabilization, the pedicle screws are often placed using
patient-specific guide templates since they can improve the screw placement accuracy
and simplify surgery. However, the conventional fit-and-lock template requires full
exposure of the bony structures and is therefore not suitable for minimally invasive
procedures. In this study, we constructed a novel guide template for percutaneous
pedicle screw placement. Its feasibility and the accuracy of template-assisted pedicle
screw placement were assessed using an excised calf spine model. As a result, all
inserted guide wires and 27 of 30 simulated screws (90%) were completely in the
pedicle. The remaining screws (10%) penetrated by less than 2 mm. The average
distance and angular deviations of the guide wires were 1.4640.60 mm and 1.1030.84<
Our study demonstrate that this novel guide template is technically feasible and
enhances the accuracy of percutaneous pedicle screw placement. Moreover, it may
simplify the surgery and minimize intraoperative radiation. Further research on its
clinical applications is warranted.

1 Introduction

Percutaneous pedicle screw placement can helps surgeons to minimize damage to the dorsal
musculoligamentous complex [1, 2]. This in turn yields better surgical outcomes, including reduced
blood loss, shorter hospital stays, and less postoperative pain [3-6]. However, compared with open
procedures, it is technically more demanding to place the pedicle screws using the percutaneous
approach because of limited visualization of the anatomical landmarks. This technical difficulty can
lead to inaccurate screw placement, prolonged operative times, and increased exposure to radiation,
especially when the surgeon is still in the learning stage [2, 6-8]. Indeed, several studies report that
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percutaneous pedicle screw placement using traditional C-arm guidance results in pedicle screw
misplacement in 6.6-30% of cases. Moreover, some of these inaccurate placements had pathological
consequences [8-12]. To overcome this, some surgeons have chosen to use computer-assisted
navigation systems or surgical robot systems: these methods indeed associate with better surgical
accuracy and reduced radiation exposure [13-15]. However, these systems have not achieved
widespread use because of the high cost of the equipment and the long time needed to set up the
operating system.

During open surgery for spine stabilization, patient-specific guide templates are often used to
guide pedicle screw insertion as they help assure accurate screw placement and thus can significantly
simplify and shorten the surgery [16-19]. However, the conventional fit-and-lock template requires
full exposure of the bony structures, which naturally obviates its usefulness for minimally invasive
procedures. The present study describes a novel guide template that can be used for percutaneous
pedicle screw placement. Its feasibility and the accuracy of template-assisted pedicle screw placement
were evaluated using an excised calf spine model.

2 Materials and Methods

2.1 Structure of the guide template system

Briefly, the guide template is designed by first placing two positioning screws in the spinous
processes of the vertebrae that will be fixed. The positioning screws are special cannulated screws that
are made of medical titanium alloy (Ti6AI4V)(Fig 1B). Subsequently, the spine is imaged by CT and
the CT data are used to plan the ideal trajectories and construct the template, which is manufactured
from photosensitive resin by 3D printing. An extension rod is then screwed onto the thread on the
head of each positioning screw. Thereafter, the guide template is fitted onto the extension rods. Our
guide template system thus consists of the two positioning screws (denoted as 1 in Fig 1A), the two
extension rods (2), and the guide template (3).

Thus, if the guide template system is to be applied clinically, the positioning screws will first be
inserted percutaneously into the spinous processes under local anesthesia before surgery. The CT data
of the spine will then be obtained for trajectory planning, template design, and template manufacture.
During surgery, the guide template system will be assembled to assist the accurate placement of the
guide wires and then the pedicle screws.

2.2 Experimental procedure

Five freshly frozen calf lumbar spines (L1-L5) were thawed. In each, two positioning screws were
inserted into the spinous processes of L2 and L4 as anchor points for the guide template (Fig 1B). CT
data of the spine and Mimics software were used to obtain 3D reconstructions, and the optimal
trajectories of the pedicle screw guide wires were determined. The guide template was designed in 3-
Matic software on the basis of the positioning screws and planned guide wire trajectories and
manufactured by 3D printing.

After guide wire placement, postoperative CT data were used to determine the angular deviations
(AD) and distance deviations (DD) of the guide wires. AD was measured as the angle between the
axis of the guide wire and the planned trajectory in 3D space. DD was the average distance from the
points on the the guide wire to the axis of the planned trajectory. In 3-Matic software, the DD can be
easily calculated with the assistance of the tool “distance to curve analysis”.

To evaluate how accurately pedicle screws would be inserted if the template guide system was
used, insertion of 6.5 mm-diameter pedicle screws was simulated on computer(Fig 2A3, B3). The
degree of pedicle-cortex breach by the simulated pedicle screws was assessed as follow: grade 1=no
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penetration (screw is completely within the pedicle); grade 2=minor penetration (pedicle wall breach
of <2 mm); grade 3=moderate penetration (pedicle wall breach 2-4 mm); and grade 4=severe
penetration (pedicle wall breach =4 mm).

3 Results

A visual examination of the specimens showed that all of the inserted guide wires were completely
in the pedicle (Fig 2). Moreover, analysis of the simulated insertion of a 6.5 mm-diameter screw along
each guide wire showed that, of the 30 screws, 27 (90%) achieved grade 1 positions. An example is
shown in Fig 2A. The remaining three screws achieved grade 2 positions (10%). An example is
shown in Fig 2B. The average AD and DD of the 30 guide wires were 1.1040.84<and 1.4640.60 mm,
respectively.

4 Discussion

The placement of the percutaneous pedicle screws is a demanding technique: surgeons cannot
visualize anatomical landmarks and thus have to rely heavily on fluoroscopic assistance. This
increases the exposure of both the patient and medical staff to radiation and prolongs the operative
time [6]. In addition, percutaneous pedicle screw fixation associates with a higher rate of screw
misplacement than conventional open procedures. Indeed, when Schizas et al. [8] evaluated the
accuracy with which 60 pedicle screws were inserted percutaneously under C-arm fluoroscopy
guidance in 15 consecutive patients, they observed that the overall rate of CT scan-confirmed screw
perforation was 23% in axial images and 30% in coronal images. Similarly, a retrospective review of
488 percutaneously placed pedicle screws showed that the overall incidence of misplacement was
23.6% (11.1% cortical encroachment and 12.5% frank penetration)[10].

In this study, a novel template was constructed to assist the placement of percutaneous screws.
Before surgery, two tiny positioning screws were inserted into spinous process percutaneously as
markers and anchor points of the template. Thus, instead of being put directly on the bone surface, the
guide template is fixed on the bone structure through the screws and extension rods, thereby
eliminating the need for fully exposure of bony structures. Moreover, the intraoperative radiation
could be minimized with this technique. Indeed, in this study, all gudie wires were inserted without
the assistance of intraoperative fluoroscopy and none penetrated the pedicle cortex. The misplacement
rate of the simulated screw insertion is only 10%, which is comparable to those achieved by image-
guided navigation techniques [14].

5 Conclusions

Our novel guide template system significantly improved the accuracy of percutaneous pedicle
screw placement. Thus, this approach is technically feasible in humans. It may also simplify the
surgery while reducing the intraoperative radiation exposure. Its clinical applications should be
researched.
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Part A Structure of the guide template system

Part B Experimental procedure

(). Insertion of positioning screws (IV). Insertion of guide wire

(II). Trajectory planning of pedicle screw (I11). Design of guide template

Fig 1 Structure of the guide template system and the experimental procedure. A: The guide template system
consists of two positioning screws (1), two extension rods (2), and the guide template (3). The guide template is
divided in half for the sake of simplifying installation. Together, it consists of two central fixing tubes (a) and at
least four lateral orienting tubes (b). The central fixing tubes are placed around the extension rods, and the two
template halves are fixed with metal clamps (c). The orienting tubes, whose trajectories are based on the CT data,
are used to guide the placement of the guide wires (4) that will be used to place the pedicle screws later. The skin
is designated as (5). B: ( I ) The positioning screws were inserted through the soft cloth covering the lumbar calf
spine. (II) CT scanning was performed, and a 3D reconstruction of the lumbar spine was generated using
Mimics 17.0. The trajectories were shown by the trajectory cylinders. (III) The 3D model of the spine with the
positioning screws and trajectory cylinders was transported into 3-Matic Research 9.0, and the guide template
was designed. (IV) The template was assembled and the guide wires were inserted through the orienting tube.

239



Application of a novel customized guide template in percutaneous pedicle screw ... S. Wu et al.

Grade 1 Grade 2

Visual
examination

Postoperative
CT
assessment

Simulated
screw
insertion

Fig 2 Qualitative evaluation of the accuracy of template-assisted pedicle screw placement. Representative
examples of (A) grade 1 vertebrae and (B) grade 2 vertebrae are shown. The vertebrae were sawn in the axial
plane after template-assisted guide wire placement and were examined macroscopically (Al and B1) or were
imaged by CT (A2 and B2). The CT data were used to generate 3D reconstructions of the operated calf spine, and
the insertion of pedicle screws along the guide wires was simulated (A3 and B3). (A) and (B) show an L2 and L4
vertebra, respectively. The yellow arrows indicate grade 2 breach of the pedicle cortex by the simulated pedicle
screw.
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