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Abstract
Background. Transpedicular spine fixation is considered the gold standard for posterior stabilization 

of the spine in various pathological processes. The most common implantation technique is the free hand 
method. But today the implantation with 3D printed individual navigation templates is gaining popularity. 
Purpose — to compare results of the pedicle screw placement in thoracic spine with application of 3D 
printed navigation templates by various design and free hand technique. Materials and Methods. Results 
of the three group of patients were analyzed based on postoperative CT. In group 1 (free hand) 112 screws 
were placed to 23 patients. In group 42 screws were placed to 11 patients using bilateral monosegmental 
navigation templates, in group 3 (13 patients, 42 screws) — using bilateral monosegmental templates 
with additional support on the spinous process. The safety of implantation was assessed and compared in 
all groups. In groups 2 and 3 the accuracy was also evaluated based on the difference between the planned 
and actual screws trajectory. Results. In group 1 safety grade 0 was registered in 66,96%, safety grade 1 —  
in 18,75%, safety grade 2 — in 9,82%, safety grade 3 — in 4,46%. In group 2 grade 0 was registered in 
85,71%, safety grade 1 — in 14,29%. In group 3 grade 0 — in 90,74%, safety grade 1 — in 9,26%. There 
were no cases of the cortical bone perforation for more than the half of the screw diameter in groups 
2 and 3. The differences in the safety parameters are significant between free hand and both groups 
with application of the navigation templates. Assessment of the deviation hasn’t revealed significant 
difference depending on the type of the templates. Conclusion. The use of the individual navigation 
templates for pedicular screws implantation in the thoracic spine is safer than the free hand method 
(p<0.05). Single-level bilateral matrices made by FDM technology from polylactide with support on a part 
of the dorsal vertebral structures make it possible to achieve the high implantation accuracy. Additional 
support on the spinous process does not lead to a statistically significant improvement in accuracy and 
safety indicators (p<0.05), while requiring extended dissection and resection of the ligamentous elements. 
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Transpedicular spine fixation is a common 
technique in the treatment of a wide range of 
diseases and injuries of the thoracic region. 
The most popular implantation technique is 
the “free hand” method, which is based on 
the determination of the placement trajec-
tory by anatomical landmarks. An incorrect 
screw direction can adversely affect the con-
struction stability and lead to neurovascular 
structures injury [1, 2, 3, 4, 5, 6, 7, 8]. 

To improve the implantation accuracy and 
reduce the number of complications, various 
methods of navigation were introduced into 
the practice of spinal surgery. Some of them 
are based on the data from the preoperative 
or intraoperative CT. For this purpose the in-
tegration of the anatomical landmarks with 
the CT data takes place employing a naviga-
tion mark placed on the patient's vertebra [9, 
10, 11, 12, 13, 14, 15, 16]. 

Another method is based on the 3D print-
ing technology. Using the preoperative CT 
data the customized navigation templates 
are made that are fixed during the surgery on 
the dorsal structures of the vertebra [17, 18]. 
Despite the growing interest in the method 
applying it has not reached the level of rou-
tine practice up-to-date. One of the relevant 
issues remains to determine is the optimal 
design choice for the navigation template 
that provides the best implantation marks 
and convenient usage and ease of use [19]. 

The purpose of this study was to compare 
the parameters of pediclar screw placement 
into the thoracic spine using two types of 
customized navigation templates with the 
“free hand” method. 

Materials and Methods

The study design 

This study was a prospective cohort non-
randomized trial. 

Patients 

The results of transpedicular implanta-
tion of 208 screws in the thoracic spine  per-
formed in 2018–2019 were analyzed. 47 pa-
tients from 23 to 75 years old were engaged 
in the study. There were 3 patients with sco-
liotic deformities, 19 – with tumors, 10 – with 
vertebral fractures, 15 – with degenerative le-
sions among them. Three groups of patients 
were formed: group 1 – the screws placement 
using the “free hand” method, group 2 – the 
screws placement using the bilateral tem-
plates, group 3 – the screws placement using 
the templates with three-point support. The 
patients distribution in the groups is shown 
in Table 1. 

The scoliotic deformities were represented 
by 3 cases of idiopathic thoracolumbar scolio-
sis with a Cobb angle of 37° to 54°, 4B, 4C and 
1A according to the Lenke classification. The 
patients with degenerative scoliosis (Cobb 
angle <20°) were referred to the group of the 
spinal degenerative process along with her-
niated intervertebral discs and compression 
myelopathies. The spinal injury was repre-
sented by high- and low-energy fractures and 
dislocations of the cervical, thoracic and lum-
bar vertebrae. The tumor lesions comprised 
primary and secondary malignant and benign 
tumors of the spinal column and the roots. 

Table 1
The patients distribution by the type of pathological process

Pathology Group 1 Group 2 Group 3

Idiopathic scoliosis 1 1 1

Degenerative process 7 3 5

Spine injury 3 4 3

Tumor lesions 12 3 4

Total 23 11 15
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The patients of the 1st group underwent 
screws placement according to anatomical 
landmarks with subsequent intraoperative 
fluoroscopic control in the lateral plane. In 
groups 2 and 3, the intraoperative X-ray con-
trol was not used. 

Design and printing of navigation tem-
plates. The navigation templates design was 
carried out using the DICOM-MSCT data with 
a slice thickness of 1 mm. The files preproc-
essing and the stereolithography (STL) mod-
el production were carried out in the program 
"Inobitec Web DICOM-Viewer 1.15.1". The fi-
nal processing of the model and the choice 
of the implantation trajectory, contact areas, 
auxiliary structures production and guide 
tubes were carried out in the Blender 2.78. 
The Gcode print file was produced in Cura 
4.4. The printing was carried out by the tech-
nology of inkjet overlays fused deposition 
modeling (FDM) from polylactide (PLA). 

Two different types of navigation tem-
plates were used in this study. The 1st type 
was represented by a bilateral single-level 
template. A part of the dorsal structures of 

the vertebra was used as a support platform, 
namely the dorsal surface of the arch, the in-
ferior articular process, and the medial part 
of the transverse process (Fig. 1).The remov-
al of periosteum of these dorsal structures 
is usually carried out during the standard 
approach for posterior decompression and 
spinal fusion. The two basic elements - the 
support platform and the guide tube were 
connected by a transverse beam reinforced 
with stiffeners. 

In the 3rd group, modified double-sided 
templates were used with a similar support 
zone, a rigid frame, and an additional sup-
porting fixation element connected to the 
apex of the spinous process in a key-to-lock 
manner (Fig. 2). This design increased the 
stability of the template, allowing the con-
trol of the midline, but requiring an addi-
tional dissection zone with resection of the 
supraspinatus ligament. 

A drill with a diameter of 3 mm was used 
to form the stroke for the screw. The inner 
diameter of the tube was 4 mm, and the outer 
diameter – 6 mm. 

Figure 2. The navigation 
matrices design in the 3rd group  
with a support-fixing element  
at the spinous process tip.

Figure1. The support zone localization and template design in the 2nd group.
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The study results assessment. The im-
plantation safety at the level of the pedicle 
was assessed in all groups according to the 
criteria proposed by S. Kaneyama et al. [20], 
namely grade 0 – the screw was completely 
inside the bone structures; grade 1 – the 
screw partially perforated the bone structure, 
but more than 50% of the screw diameter was 
inside the bone; grade 2 – the screw perforat-
ed the bone structure, with more than 50% of 
the screw diameter outside the bone; grade 
3 (penetration) – the screw was completely 
outside the bone (Fig. 3). 

The additional misplacement assessment 
was carried out by the K. Abul-Kasim scheme 
[21], Table 2. 

The criterion of accuracy was the devia-
tion assessment (mm) between the planned 

and actual screw trajectories at the point of 
entry into the vertebra (Entry point) and at 
the screw axis intersection with the ante-
rior cortical layer of the vertebral body (End 
point) by layering axial and sagittal sections 
of postoperative multispiral CT with planned 
trajectories of implantation in the Mimics 
Research 21.0 program (Fig. 4).The accuracy 
was assessed in groups 2 and 3. 

In addition, the planned and actual angles 
between the axes of the screws in two planes 
were measured, which was necessary to ana-
lyze the causes of the deviation (Fig. 5). 

Statistical analysis. The statistical pro-
cessing of the data was carried out using the 
Statistica 10 software. The results were as-
sessed for distribution normality using the 
Kolmogorov-Smirnov and Shapiro-Wilk tests. 
The accuracy of implantation in groups 2 and 
3 was subjected to statistical analysis by the 
Kruskal – Wallis and Mann – Whitney tests for 
paired independent non-parametric samples. 
The planned (β) and actual (β) axial angles 
were analyzed using Wilcoxon's test for paired 
dependent nonparametric samples. In order 
to compare the safety of implantation in the 
3 groups the Pearson χ2 test was used correct-
ed for likelihood. The data distribution in the 
groups was presented as median and 25–75% 
quartiles in the format Me (25%; 75%). 

Figure 3. Examples of safety assessment  
by grades 0 to 3.

Table 2
Implantation safety assessment system according to K. Abul-Kasim [21]

Misplacement 
direction Misplacement degree

Medial cortical 
perforation (MCP) of 
the pedicle

Grade 0: The screw is completely embedded in the bone structures or perforates the medial wall 
of the pedicle less than ½ the screw diameter

Grade 1: Partial medial perforation (more than 1/2 of the screw diameter)

Grade 2: The screw passes completely medially of the pedicle

Lateral cortical 
perforation (LCP) of 
the pedicle

Grade 0: The screw is completely embedded in the bone structures or perforates the lateral wall 
of the pedicle less than ½ the screw diameter

Grade 1: Partial lateral perforation (more than 1/2 of the screw diameter)

Grade 2: The screw passes completely paravertebrally

Anterior cortical 
perforation of the 
vertebral body (ACP)

Grade 0: The end of the screw is in the vertebral body

Grade 1: The end of the screw perforates the anterior wall of the vertebral body.
The degree of perforation is indicated in millimeters

Endplate perforation 
(EPP)

Grade 0: The end of the screw is in the vertebral body

Grade 1: The end of the screw perforates the top or bottom endplate into the disc cavity

Foraminal perforation 
(FP)

Grade 0: The screw is completely in the bone structures

Grade 1: The screw perforates the pedicle into the superior or inferior foramen 
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Results

23 patients of the 1st group underwent 
112 transpedicular screw placements by the 
“open” method using free-hand technology. 
In the 2nd group (11 patients, 42 screws), the 
placement was performed using bilateral sin-
gle-level templates, and in the 3rd group (13 
patients, 54 screws) – using bilateral single-

level templates with support on the spinous 
process. The distribution of implanted screws 
by the groups is shown in Table 3. The free-
hand technigue was less commonly used for 
implantation in the upper thoracic region for 
the reason that it was more difficult and risky 
at these levels. Moreover, it increased the 
risks for the patient in the case of no naviga-
tion applying. 

Figure 4. Deviation assessment 
method:  
A1, C1 – planned entry points;  
A2, C2 –actual entry points;  
B1, D1 – planned end point;  
B2, D2 – actual end point.

Figure 5. Deviation of the angles assessment, planned vs actual trajectories in the axial and sagittal 
planes:  
a — the angle formed by the planned and actual axes of implantation of one screw in the axial plane;  
b — the angle formed by the planned axes of implantation in the axial plane;  
b — the angle formed by the actual axes of implantation in the axial plane;  
a1 — the angle formed by the planned and actual axes of implantation of one screw in the sagittal plane.

Table 3
Distribution of the screw implantation methods by the thoracic spine levels  

and by the study groups

The method of implantation
The level of implantation

Total
Th1-4 Th5-8 Th9-12

Free-hand technology (group 1) 18 48 46 112

Bilateral single-level templates (group 2) 24 12 6 42

Three-points support template (group 3) 32 20 2 54
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The assessment of the implantation safety 
according to S. Kaneyama showed statistically 
significant differences between the free-hand 
group and the both groups with navigation 
templates (p <0.05). No differences were found 
between the 2nd and 3rd groups (Table 4). The 
safety grades 2 and 3 were observed only in the 
1st group. All screws with grade 3 were placed 
paravertebrally (LCP2). There were no cases of 
the spinal cord and great vessels injury. 

The types of misplacement according to 
K. Abul-Kasim for each group are presented 
in Table 5. In the 1st group, 2 revisions with 
screws replacement were performed - in 1st 
case when the screw contacted the thoracic 
aorta wall, in the 2nd – due to insufficient 
stability of the structure. 

There were no significant differences in 
the indicators of entry points and end points 
deviation in groups 2 and 3 (Table 6, Fig. 6). 

Table 4
Implantation safety by S. Kaneyama

Safety degree Free-hand technique  
(group 1)

Bilateral single-level 
templates (group 2)

Three-points support templates 
(group 3)

0 75 (67%) 36 (85.71%) 49 (90.74%)

1 21 (18.8%) 6 (14.29%) 5 (9.26%)

2 11 (9.8%) – –

3 11 (9.8%) – –

Table 5
Types of misplacement according to K. Abul-Kasim

Types of misplacement Free-hand technique  
(group 1)

Bilateral single-level 
templates (group 2)

Three-points support 
templates (group 3)

MCP1 2 – –

MCP2 – – –

LCP1 9 – –

LCP2 5 – –

ACP1 – – –

EPP 10 3 1

FF – – –

Table 6
The deviation of planned and actual trajectories

Type of template
Entry point End point

Axial Sagittal Average Axial Sagittal Average

Bilateral single-
level templates 
(group 2)

0.97
(0.59; 1.27)

0.77
(0.53; 1.31)

0.93
(0.66; 1.22)

2.49
(0.84; 5.43)

2.94
(1.89; 4.12)

2.83
(1.95; 4.81)

3-points support 
templates  
(group 3)

1.01
(0.44; 1.45)

0.89
(0.55; 1.34)

1,04
(0,64; 1,37)

3.13
(1.54; 4.57)

2.58
(1.33; 4.03)

2.88
(1.81; 4.07)
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The deviation of the planned implantation 
trajectory from the actual one did not differ 
significantly between the compared groups. 
Although, there were significant differences 
between the planned (<β) and actual (<β) ax-
ial angles in both groups (Table 7). The actu-
al angle was less than the planned one, that 
indicated a predominantly lateral deviation 
of the implantation axis. This is the most 
likely due to the pressure of the paraverte-
bral muscles on the screwdriver during screw 
implantation. 

Discussion

Customized navigation templates are a 
spinal navigation technique that is rapidly 
gaining popularity around the world, which 
is reflected in a growing increasing number 
of publications. A search of literary sources 
in the databases PubMed, Scopus, Web of 
Science, Google Scholar and eLibrary identi-
fied 22 publications, including experimental, 
preclinical and clinical studies. This technol-
ogy appeared 20 years ago, but its active im-
plementation began only in the last decade. 
This can be explained by the progress of 3D 
printing, namely the improvement of print-
ers, the development of special software, 
cheaper materials and other factors. The 
analysis of world literature upon this topic 
allows to evaluate the method as an effective 
and inexpensive mode of spinal navigation. 

Figure 6. Diagram of implantation accuracy 
distribution at Entry point and End point  
for groups 2 and 3. 

Table 7
Deviation between the planned and the actual implantation angles

Angle Group 1 Group 2

Angle α 5.87 (3.47; 8.51) 5.17 (1.97; 8.,58)

Angle α1 3.71 (2.19; 5.66) 4.48 (2.27; 6.64)

Difference between angles β and β 5.91 (2.91; 8.37) 7.71 (5.37; 11.01)

The largest number of implanted screws 
in the thoracic region in the cadaver experi-
ment on 20 preparations was presented by 
T. Ma et al. Bilateral guides were made from 
acrylic resin using the STL, the support plat-
form included a part of the vertebral arches, 
intervertebral joints and the spinous process. 
The time spent on the one guide design and 
manufacture was about 1 hour, the cost was 
$50 excluding the cost of computer programs. 
The authors compared the studied naviga-
tion technique with free hand method. 240 
screws were implanted in each group. In the 
free hand group there were 156 (65%) screws 
completely surrounded by bone (Grade 0). Of 
the 84 cases of bone perforation, 58 (24.2%), 
16 (6.6%) and 10 (4.2%) were classified as 
grade 1 (<2 mm or <1/2 screw diameter), 
grade 2 (deviation 2 to 4 mm or 0.5 to 1 screw 
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diameter) and grade 3 (> 4 mm screw diam-
eter, respectively. Although, only 16 (6.6%) 
screws perforated the bone wall with grade 1 
in the group of guided placement. In the free 
hand group, the screws protruded beyond the 
bone by an average of 3.29 ± 1.84 mm, and 
in the group of guided placement – by 0.95 
± 0.49 mm. The differences were statistically 
significant [22]. 

S.B. Kim et al. conducted a cadaver study 
with 80 screws placed in the thoracoabdomi-
nal region (Th11–L5) along the subcortical 
trajectory. A separate screw was used to fix 
the guide; bilateral templates were designed 
with support on the arches and spinous pro-
cess with continuous contact over almost the 
entire area of the dorsal structures. Deviation 
less than 2 mm was estimated for 76 screws 
(95%, average deviation 0.94 ± 0.42 mm), 2 
to 4 mm – for 4 screws (5%, average devia-
tion 2.75 ± 0.64 mm) [23]. In another arti-
cle the authors described a clinical case of 
Th4-5 fracture dislocation with 10 screws 
placement. The work focuses on the design 
features of the guides. The authors proposed 
an original design: the unilateral template 
without support on the spinous process, but 
with hook-type gripping of the arch instead. 
The authors emphasized as an advantage the 
presence of a small support zone, allowing 
preserving the supra- and interspinous liga-
ment and reducing the time spent on skele-
tonizing. Also, the authors proposed a classi-
fication of templates depending on the type 
of spinous process embracing [24]. 

S. Lu et al. studied the effectiveness of tem-
plates in scoliotic deformities. 16 patients 
were installed 168 screws at the Th2 to Th12 
level. 157 screws were placed fully totally in-
trapedicular, 11 protruded in the 0 to 2 mm 
range (1 medially, 10 laterally). Among these 
11 cases penetration in 8 cases was planned 
due to the small diameter of the pedicle, the 
rate of misplacement was 1.8%. The authors 
believed that the pedicle penetration up to 2 
mm was safe, so the overall safety level was 
100% [25]. 

F. Azimifar et al. presented the results of 
applying the technology for scoliotic deform-
ities. The customized bilateral guides were 
designed for each level. Printing was carried 
out using FDM technology. The support was 
carried out on 4 points in the area of the su-
perior and inferior articular processes base, 
not according to the principle of mirror-
ing the surface. The spinous and transverse 
processes were not considered as the basic 
support for two reasons: the exact anatomi-
cal size of the supraspinous ligament cover-
ing the bone is not clear, and the use of the 
transverse processes would require a larger 
volume of dissection [26]. Attention was 
drawn to the massive matrix frame required 
more material than other design options. Out 
of 110 screws placed in Th1 to S1 level (51 of 
them in the thoracic region) the percentage 
of correct implantation in patients with sco-
liosis was 94%. 

M. Takemoto et al. presented the data on of 
the technique applying in the thoracic region 
with 36 scoliosis patients and 4 patients with 
posterior longitudinal ligament ossifica-
tion. The article emphasized the importance 
of reducing the contact zone. Based on the 
segmentation analysis, 7 points of support 
were identified out of the initially selected 
14 points, including a small support on the 
spinous process to increase the stability. The 
guides were manufactured by a relatively ex-
pensive method made from titanium by laser 
melting in an argon atmosphere. 420 trans-
pediclar screws were implanted in the pa-
tients with scoliosis. Among them 408 were 
(98.4%) with a safety degree of 0, 6 (1.4%) 
with a degree of 1, 1 (0.2%) with a degree of 
2. The patients with ossification of the poste-
rior longitudinal ligaments were placed im-
planted 46 screws with safety grade 0 [27].

M. Putzier et al. presented the results of a 
pilot study dedicated to the implantation of 
76 screws (56 in the thoracic and 20 in the 
lumbar spine) in 4 patients with idiopathic or 
acquired scoliosis. For 2 screws a malposition 
was detected during the surgery with correct 
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replacement under fluoroscopic control. The 
safety degree was 0 in 84%, 0 and 1 in 96.1%. 
All lumbar screws were installed with a secu-
rity grade of 0. The diameter of 14 pedicles 
in the thoracic region was less than 4.5 mm, 
and therefore the screw protrusion beyond 
the stem was predictable, and the trajectory 
was planned so that the malposition was lat-
eral [28].

A randomized study of dislocated thoracic 
spine fractures was performed by C. Wu et al. 
42 patients were divided into 2 groups. In the 
1st group 24 patients underwent the standard 
free-hand technique with fluoroscopic con-
trol. In the 2nd group 18 patient underwent 
the surgery with customized guides. The op-
erative time, blood loss, degree of dislocation 
and sagittal angle were significantly better in 
the 2nd group (p <0.05). Also, the significant 
differences were obtained in the accuracy 
of screw placement, the angles between the 
screws in the sagittal plane and the differ-
ence between the actual entry points com-
pared with those planned before the surgery 
and the assessment of deformity according to 
the Frankel scale during the follow-up [29]. 

Y. Pan et al. conducted a comparative 
study upon the navigation templates apply-
ing (20 patients, 396 screws) and the free-
hand method (17 patients, 312 screws) in 
the adolescents with severe spinal deformi-
ties. The templates were designed accord-
ing to the principle of arches, spinous and 
transverse processes inversion with almost 
complete coverage of the dorsal elements. 
The operative time and the degree of correc-
tion did not differ significantly in the groups, 
while the safety of implantation was statisti-
cally higher with the use of templates. Grade 
1 perforation was observed in 7.3%, grade 2 – 
in 3.3%. In free hand group, grade 1 perfora-
tion was noted in 11.9%, grade 2 – in 11.5%, 
grade 3 – in 1.6%, p = 0.000 [18]. 

Similarly, K. Shah et al. compared two 
methods for complex kyphoscoliotic deform-
ities in children with previous placement of 
sublaminar wire constructions, which com-

plicated the process of modeling the guides 
due to metal artifacts and required more care-
ful segmentation. Bilateral templates with 
partial support were predominantly designed 
without the involvement of the spinous pro-
cess. The malposition rate for free-hand was 
36.21%, for templates – 24.56%. The mean 
operative time and the time of one screw 
placement did not differ significantly [30]. 

In most majority of the works the authors 
used single-level mono- or bilateral tem-
plates. Support only on the vertebra struc-
tures, into which the screws are placed, elim-
inates the factor of intersegmental mobility 
as a predictor of malposition. For rigid defor-
mations the multilevel guides can be used. 
A.V. Kosulin et al. demonstrated the high 
precision of implantation in the thoracic and 
lumbar spine in children using a multilevel 
bilateral navigation template [32]. 

Thus, in a number of works dedictated to 
the study of 3D navigation templates, the 
authors paid a great attention to the techni-
cal aspects of the design, printing of guides 
and the search for design options that ensure 
high accuracy of implantation at with mini-
mal costs. 

The requirements can be summarized as 
following: 

– minimization of the support zone to re-
duce the skeletonization area;

– preservation of ligamentous elements;
– reduction in of financial costs due to less 

material and  of less expensive 3D printing 
options applying.

In previous studies the authors did not 
compare different types of navigation tem-
plates, while these templates could differ 
significantly in design (mono- or bilateral, 
one- or multilevel, etc.). It should also kept 
in mind that differences in the anatomy and 
mobility of various parts of the spine require 
a separate study of the implementation of 
technology in various segments. Previously, 
we conducted a study on cadaver prepara-
tions of the cervical and upper thoracic re-
gions comparing three different variants of 
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navigation templates. According to the re-
sults of this study the best indicators were 
revealed as using bilateral templates with 
three-point support with a separate abutting 
element in the spinous process apex [33]. In 
this study, we obtained the results similar to 
the publications presented above. We found 
the statistically significant differences in the 
level of safety for the employment of the tem-
plates in the thoracic spine in comparison 
with the free-hand method. This fact empha-
sizes the usefulness of the templates once 
again. There were no differences between the 
groups with various guides either in the de-
gree of safety or in the parameters of devia-
tion. Perhaps this was due to the larger area 
of the support zones in the arch and articular 
processes in the thoracic region as compared 
with the cervical region. This difference pro-
vides the sufficient templates stability even 
with two-point support with partial coverage 
of the dorsal structures. 

A significant difference in the angle be-
tween the trajectories (<β − <β) in both groups 
in case of using navigation could be associat-
ed with the technique of screws placement. A 
high-speed drill was used only for passing the 
pedicle, the drill was immersed into a depth of 
approximately 1 cm under control of a set lim-
iter. Then the standard instruments were used, 
including a curved awl, which could, to some 
extent, change the implantation trajectory 
without violating of the cortical layer integrity. 

Thus, the presence of additional support 
on the spinous process in the thoracic region 
does not affect the accuracy and safety pa-
rameters and is not an obligatory structural 
element. This makes it possible not to skele-
tonize the spinous process zone, reducing the 
time for surface preparation and preservat-
ing the elements of the ligamentous appara-
tus. It also provides the use of templates after 
previous laminectomy or spinal trauma with 
spinous process injury. The localization and 
area of the support zone used in this study in 
the process of templates design are sufficient 
for high safety level implantation. It has in-

creased significantly in comparison with 
the free-hand method. The obtained results 
demonstrated that the guides created on the 
FDM-printer from PLA allowed to achieve the 
similar results of pedicle screw placement in 
comparison with more expensive technolo-
gies, for example, STL or laser sintering, used 
by a number of authors [22, 25, 27]. 

The use of customized navigation tem-
plates for the transpedicular screws place-
ment in the thoracic spine is safer than the 
free-hand method (p <0.05). Single-level bi-
lateral templates based on a part of vertebra 
dorsal structures, manufactured from PLA 
by FDM technology, allow to achieve a high 
implantation accuracy. The additional sup-
port on the spinous process did not lead to 
a statistically significant improvement in ac-
curacy and safety indicators (p <0.05), while 
required extended dissection and resection 
of the ligamentous elements.
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