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Abstract

Objective — to evaluate accuracy between pedicle screw placement in vertebral bodies achieved in
vivo with freehand techniques versus their placement in vertebrae plastic models achieved in vitro with
the use of guide templates, in toddlers and preschool children with congenital kyphoscoliosis of the
thoracolumbar transition and lumbar spine amid the vertebral malformation. Materials and Methods.
The research is based on a retrospective analysis of the results of treatment of 10 patients with congenital
kyphoscoliosis of the thoracolumbar transition and lumbar spine amid the vertebral malformation.
Age - from 2 years 2 months to 6 years 8 months old (mean 3 years 8 months old), gender - 6 boys,
4 girls. Based on the postoperative multi-slice spiral computed tomography (MSCT) of the spine, the
pedicle screws placement accuracy of the correcting multi-support metalwork was evaluated. These
patients constituted the 1st research group (in vivo group). The 2™ research group (in vitro group) was
formed from 27 vertebrae plastic models with pedicle screws inserted in them with the use of guide
templates. The placement accuracy of the installed pedicle support elements was assessed based on the
S.D. Gertzbein et al. scale (1990). Results. In the 1st group, there were 52 pedicle screws placed. The
screw placement accuracy according to the rate of misplacement, as follows: 53.8% in Grade 0, 25% in
Grade I, 11.6% in Grade II, 9.6% in Grade III. The number of screws with the rate of misplacement in
Grade 0 + Grade I was 41 (78.8%). In the 2nd group, there were 54 screws placed and slightly larger
than the 1st group. The screw placement accuracy according to the rate of misplacement was 94.4%
in Grade 0, 1.9% in Grade I, 3.7% in Grade II, respectively. The number of screws with the rate of
misplacement in Grade 0 + Grade I was 52 (96.3%). Conclusion. Comparative analysis showed that the
number of pedicle screws successfully placed in vertebrae plastic models in children with congenital
deformities of the thoracolumbar transition and lumbar spine achieved with the use of guide templates
was significantly higher than the number of screws successfully placed with freehand techniques (96.3%
versus 80.8%, p = 0.011). The results obtained with method of navigation templates in vitro showed
high precision and accuracy of pedicle screw placement which gives the prospect for using this type
of navigation in clinical practice in toddlers with congenital scoliosis.
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Introduction

Hemivertebrae extirpation with subse-
quent radical correction of deformity and
spine fixation by a local metal system at the
early age [1-5] has become widely spread as
the method of surgical correction of congeni-
tal deformities amid vertebral malformation
in children. Surgical procedures in congeni-
tal scoliosis in children of older children do
not allows to obtain radical deformity cor-
rection [6]. Transpedicular fixation versus
laminar fixation from biomechanical point
of view is advantageous, however, bears a
risk of screws malposition due to structural
vertebrae alterations amid scoliotic process
and vertebral column malformation [7]. For
that reasons it’s important to ensure correct
placement of transpedicular support fixators
during treatment of patients with congenital
scoliosis.

The prevalent method of transpedicular
screws (TS) insertion in the spine surgery in
general and in children with congenital de-
formities in particular is the free-hand meth-
od with subsequent fluoroscopic control of
placement accuracy of support elements in
vertebral bodies [8]. There are sporadic pub-
lications in foreign literature which present
the analysis of TF placement accuracy in
children with congenital spine deformities
using intraoperative computer tomography
(O-arm) and system of active optical naviga-
tion [9].

Recently, guiding templates (GT) have
been used more often for TS insertion in cas-
es of various diseases and deformities of spi-
nal column (spine injury, degenerative and
dystrophic diseases, inflammatory diseases,
craniovertebral pathologies, idiopathic sco-
liosis, etc.). Such publications report rather
high precision and accuracy of TS position-
ing in bony structures of vertebrae in various
anatomical areas [10-13].

However, when analyzing national and
world literature the authors of the present
research did not find any publications dedi-
cated to use of guiding templates for TS in-

sertion in children of preschool age with
congenital scoliosis.

Aim of the study — to conduct a compar-
ative evaluation of accuracy of TS position
inserted into vertebral bodies in toddlers and
children of preschool age with congenital ky-
phoscoliosis of the thoracolumbar transition
and lumbar spine amid the vertebral malfor-
mation by a free-hand technique in vivo and
into vertebrae plastic models with the use of
guiding templates (GT) in vitro.

Materials and Methods

The research in based on the retrospective
analysis of examination and treatment out-
comes in the randomized cohort comprised
of 10 patients (6 males and 4 females) ag-
ing from 2 years and 2 months old to 6 years
8 months old (mean of 3 years 8 months)
with congenital kyphoscoliosis with under-
lying vertebral malformation (posterolateral
hemivertebrae in the thoracolumbar transi-
tion and lumber spine). All children under-
went examination and surgical treatment
during 2016 and 2017.

Standard preoperative and postopera-
tive examination included multi-slice spiral
computed tomography (MSCT) of thoracic
and lumbosacral spine. Extirpation of affect-
ed hemivertebra with adjacent intervertebral
disks was performed in all children as well as
the correction of congenital spine deformity
by a multi-supporting transpedicular implant
system, anterior interbody fusion and poste-
rior spine fusion by auto bone graft to create
a bone block between removed hemivertebra
and adjacent intact vertebrae.

Multi-slice spiral computed tomography
(MSCT) examination was used in 10 patients
with congenital spine deformities was used
for 3D modeling as well as surgery planning
software PME Planner (Polygon Medical
Engineering) which allows to identify dimen-
sions and optimal positioning of TS insert-
ed into the vertebrae. 3D models of guiding
templates (GT) were created given the virtu-
ally planned screws in specified positioning
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and feature of dorsal bone structures of in-
volved vertebrae (Fig.1).

3D printer Formlabs Form 2 (SLA technol-
ogy) was used for printing of guiding tem-
plates for insertion of TS into the vertebrae
(Fig. 2).

3D printer PICASO DESINGER PRO250
(FDM technology) was used for prototyping
of vertebrae in the fixation zone. Then guid-
ing templates were placed on dorsal surface
of the printed plastic model of the vertebra,
2,5mm drill bit was used for forming the holes
at specified direction through pedicle into
the vertebral body. Standard transpedicular
support implants of 3.5 mm in diameter were
inserted into the holes and then accuracy of
TS positioning was visually checked (Fig. 3).

Fig. 1. Virtual screws
and navigation
templates planning
within the PME
Planner software
environment

Fig. 2. Navigation
templates for pedicle
screws placement

in vertebrae plastic
models

Fig. 3. Vertebra
plastic model with
pedicle screws
placed with

the use of navigation
templates

MSCT examination in postoperative pe-
riod was used to assess the positioning accu-
racy of inserted TS in patients of group 1 (in
Vivo).

MSCT was also used to assess accuracy of
positioning of support elements in group 2
(in vitro) which consisted of 27 plastic verte-
bra models with TS inserted using navigation
templates.

Accuracy of insertion of transpedicular
support implants was assessed by the scale
suggested by S.D. Gertzbein et al, wherein:

— Grade O (full correct) — screw is placed
fully intrapedicularly without any contacts
with adjacent soft tissues;

— Grade I — <2 mm implant displacement
in relation to pedicle cortex;

— GradelIl—2-4mmimplantdisplacement;

— Grade III — > 4 mm implant displace-
ment [14].

SLIM+V pattern was used for comparative
analysis of accuracy of TS insertion into the
vertebrae by free-hand technique in vivo and
into plastic models of vertebrae using guid-
ing templates in vitro. SLIM+V reads as fol-
lows: SLIM — identifies screw placement in
relation to the pedicle walls: S (superior) -
cranial pedicle wall, L (lateral) — outer pedi-
cle wall, I (inferior) — caudal pedicle wall, M
(medial) — inner pedicle wall. Second part of
the abbreviation, V (vertebral body), repre-
sents the evaluation of TS placement in rela-
tion to anterolateral surface of the vertebral
body [15].
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Statistical analysis

Statistical analysis was made in the
STATISTICA 10 software. Normalcy of dis-
tribution of obtained values was verified by
descriptive statistics (histogrammic analy-
sis), the data was described as Me (mi-max).
Significance level of differences was evalu-
ated by non-parametrical Mann Whitney
U-test (results were considered statistically
significant with p<0.05).

Results

Results of MSCT research of anatomical
and anthropometrical features of vertebrae
in thoracolumbar transition and in lumbar
spine in children with congenital kyphosco-

liosis along with vertebral malformation are
demonstrated in table 1.

Obtained anatomical and anthropometrical
data on vertebrae in thoracolumbar transition
and lumbar spine in children with congeni-
tal kyphoscoliosis and vertebral malforma-
tion were taken into account during planning
of guiding templates for insertion of TS into
plastic models of vertebrae. It should be noted
that parameters of lumbar vertebrae in chil-
dren with isolated lumbar hemivertebrae in
general were similar to parameters of lumbar
vertebrae in toddlers and children of younger
age without any spine pathologies [16].

Evaluation data of accuracy of TS posi-
tioning by free-hand technique in group 1
are presented in table 2.

Table 1

Anatomical and anthropometric parameters of vertebrae in thoracolumar
transition and in lumbar spine

Right Left
Vert.
W H L A W H L A
Th10 6,0 10,3 31,6 11,5 5,9 9,8 30,5 12,9
(5,7;6,3) | (10,1;10,5) | (29,9;33,2) | (10,3;12,7) | (5,7;6,0) | (9,2;10,4) (30,0; 31,0) (10,5; 15,3)
Thill 5,6 10,0 31,4 11,6 5,6 9,8 32,8 13,2
(4,5; 6,6) (8,6;10,9) (29,7; 34,9) (5,7; 17,6) (4,0;6,5) | (9,0;11,4) (31,2; 35,2) (10,2; 16,5)
Th12 53 9,8 31,9 12,1 5,6 10,0 32,9 12,3
(4,9; 7,9) (9,4; 11,0) (30,5; 35,4) (7,7; 18,1) (3,7;8,3) | (8,7;11,4) (30,2; 35,1) (8,8; 15,7)
Th13 6,0 10,4 33,1 10,7 6,2 9,7 34,1 12,7
(5,7; 6,9) 9,1;11,4) (30,5; 33,3) | (10,5;11,6) | (5,8;6,5 | (9,6;10,1) (32,1; 34,7) (11,4; 15,0)
L1 5,7 9,9 32,7 12,0 53 9,5 32,6 12,1
(4,6;8,9) | (7,2;10,8) | (31,3;36,8) | (8,2;13,6) | (3,9;6,1) | (7,8;10,6) | (26,2;36,2) (4,65 16,3)
L2 58 8,7 34,0 11,5 58 9,2 34,0 16,2
4,1;7,7) (7,1; 11,0) (30,0; 36,2) (9,7; 23,0) (4,5; 7,4) (7,4; 10,6) (31,8; 39,8) (13,2; 20,2)
L3 6,5 9,4 33,0 14,7 5,7 9,4 33,6 15,2
4,3;7,9) (6,8; 10,8) (28,6;39,5) | (11,8;25,4) | (3,7;7,6) | (0,1;11,6) (31,9; 40,4) (11,5; 24,2)
L4 6,8 9,0 34,5 17,0 7,0 9,3 35,0 15,8
(5,4;12,4) (6,0;9,7) (28,4; 37,9) (7,8; 26,0) 4,1;9,8) | (6,8;10,3) (32,2; 39,3) (14,4; 23,1)
L5 91 7,7 32,8 23,7 7,8 8,4 33,7 18,5
(7,2; 11,9) (6,0;9,1) (29,3; 35,3) | (13,5;41,2) | (5,5;10,4) | (7,0;10,5) (32,5; 37,8) (12,2; 28,7)
L6 11,1 6,9 34,2 31,2 8,4 7,4 34,0 29,8
(9,5; 13,7) | (5,3;10,0) (30,3; 35,5) | (19,6;41,5) | (7,0;11,9) (4,2;7,8) (27,2; 35,7) (19,4; 40,7)
L7 10,3 6,9 31,1 36,0 13,3 7,1 33,4 32,1

V — vertebra; W — width of pedicle base; H— height of pedicle base; L. — length of screw hole; A — pedicle angle in axial

plane. Data is presented as median, Me (min-max).
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L . o Table 2
TS positioning accuracy in group I (in vivo)
UO | Vert. | Th10 | Thil | Thi2 | Thi3 L1 L2 L3 L4 L5 L6 L7

Dex - - V2 N V3 V3 - - - -
1 HV

Sin - - 0 N 0 0 - - - -

Dex - - - - - 0 V1 - - -
2 HV

Sin - - - - - L2,V3 0 - - -

Dex - - - - - 0 0 - - -
3 HV

Sin - - - - - 0 ! - - -

Dex - - 0 V2 0 - - - - -
4 HV

Sin - - \al \%! 0 - - - - -

Dex - - 0 N 0 0 - - - -
5 HV

Sin - - V2 N NS NS - - - -

Dex - - - - - - - - V3 V3
6 HV

Sin - - - - - - - - 12 0

Dex - - - 0 0 M1 - - - -
7 HV

Sin - - - V2 ! 0 - - - -

Dex 0 0 0 - - - - - - -
8 HV

Sin Vi | L1,VI1 ! - - - - - - -

Dex - - 0 0 0 - - - - -
9 HV

Sin - - 0 0 0 - - - - -

Dex - L1 L1 N 0 - - - - -
10 HV

Sin - LI |LLV2| N 0 - - - - -
TScrew 2 4 10 8 5 10 5 4 2 0 2
Mal 1 3 5 5 2 1 2 2 2 0 1

UO — case; Vert. — vertebra; Dex — screws inserted on the right side; Sin — screws inserted on the left side; T screw —
total number of screws inserted into vertebra; Mal — malpositioned screws; HV — hemivertebra; N — vertebra at reported

« 5

order number is absent;

— vertebrae no included into interbody fusion; NS — no screws in the zone of interbody fusion.

SLIM+V: S — superior, L — lateral, I — inferior, M — medial walls of pedicle; V — vertebral body (0, 1, 2, 3 — screw malposition

by grade of displacement).

The total number of transpedicular sup-
port implants inserted in the group 1 was
52 screws. Correct placement of screws in
relation to bony structure of fixed vertebrae
generally was observed in 53.8% of cases (28
screws), screws malpositioning was observed
in 46.2% of cases (24 transpedicular support
implants) during analysis of postoperative
spine MSCT. Grade I screws displacement was
reported in 25% of cases (13 screws), Grade II

— in 11.6% of cases (6 screws), Grade III —
in 9.6% of cases (5 screws). V type displace-
ment prevailed — 69.2% (18 cases), L type
displacement — 23.1% (6 cases), I and M type
displacements — 3.85% (one case of each).
Screws displacement of Grade 0 + Grade I was
78.8% (41 screws) (Fig. 4).

Evaluation data on positioning accuracy
of TS inserted by guiding templates is pre-
sented in table 3.
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Fig. 4. MSCT of the spine of a patient with congenital kyphoscoliosis
following the posterolateral L2 hemivertebra resection, pedicle screw
malposition: Th12 vertebra — V2 (vertebral body, Grade II), L1 and L3
vertebrae — V3 (vertebral body, Grade III)

L . o Table 3
TS positioning accuracy in group 2 (in vitro)
UO | Vert. | Thi0 | Thll | Thi2 | Thi3 L1 L2 L3 L4 L5 L6 L7

Dex - - 0 N 0 HV 0 - - - -
1

Sin - - V2 N 0 0 - - - -

Dex - - - - - 0 0 - - -
2 HV

Sin - - - - - 0 0 - - -

Dex - - - - - 0 0 - - -
3 HV

Sin - - - - - 0 0 - - -

Dex - - 0 0 0 - - - - -
4 HV

Sin - - 0 0 0 - - - - -
] Dex - - 0 N 0 HV 0 - - - -

Sin - - 0 N 0** 0** - - - -

Dex - - - - - - - - 0 0
6 HV

Sin - - - - - - - - 0 0

Dex - - - 0 0 HV 0 - - - -
7 Sin - - - V2 0 0 - - - -

Dex 0 0 0 - - - - - - -
8 HV

Sin 0 L1 0 - - - - - - -

Dex - - 0 0 0 - - - - -
9 HV

Sin - - 0 0 0 - - - - -

Dex - 0 0 N 0 - - - - -
10 ) HV

Sin - 0 0 N 0 - - - - -
TScrew 2 4 10 8 6** 10 6** 4 2 0 2
Mal 0 1 1 1 0 0 0 0 0 0

UO — case; Vert. — vertebra; Dex — screws inserted on the right side; Sin — screws inserted on the left side; Tscrew —
total number of screws inserted into vertebra; Mal — malpositioned screws; HV — hemivertebra; N — vertebra at reported
order number is absent; “-> — vertebrae no included into interbody fusion; ** — additional screws inserted in the group 2.
SLIM+V: S — superior, L — lateral, I — inferior, M — medial walls of pedicle; V — vertebral body (0, 1, 2, 3 — screw malposition
by grade of displacement).
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Total number of TS placed in the group 2
was 54 screws. Accurate screw positioning
in relation to the structure of plastic verte-
bral models generally was reported in 94.4%
of cases (51 screws), malpositioning was
observed in 5.6% of cases (3 screws) during
the analysis of MSCT examination. Grade II
displacement was reported in 2 out of 3 mal-
positioned screws (3.7%), and Grade I — in
one screw (1.9%). L type displacement was
reported in 1 case, type V — in other two
cases. Number of screws with displacement
of Grade 0 + Grade 1 amounted to 52 (96.3%)

(Fig. 5).

Fig. 5. 3D MSCT scan of the vertebra plastic
model of a patient with congenital kyphoscoliosis
with pedicle screws placed with the use

of navigation templates, the position of the
screws is completely successful:

a — top view;

b — bottom view

Thus, comparative analysis demonstrated
that in group 2 the number of malpositioned
TS inserted by guiding templates was signifi-
cantly less (5.6%) vs the number of malposi-
tioned TS inserted by free-hand technique in
group 2 (46.2%,p =0,011).

Discussion

While analyzing the current literature on
guiding templates use for holes formation
and insertion of TS in vitro it was observed
that there are studies where authors evalu-
ate the efficiency of guiding templates for
TS insertion into cervical spine [17-20], tho-
racic spine [21, 22] and lumbar spine [23-26].
There are also publications with analysis of
positioning accuracy for TS inserted by guid-

ing templates in thoracic as well as in lumbar
spine [18, 27, 28].

Some authors conducted cadaveric re-
search including MSCT examination of ver-
tebrae specimen with computer processing
of obtained data and further 3D printing of
guiding templates and their testing on ca-
davers [17-19, 22-24, 27]. There are research
wherein transpedicular screws were inserted
by guiding templates into plastic vertebra
models obtained during MSCT examination
of patients with intact spine [25]. Authors of
some publication first created a plastic ver-
tebra model based on MSCT data of cadaver-
ic specimen, tested the method and guiding
templates design and then inserted TS into
vertebrae of study material [20, 21].

According to the data of conducted re-
search, in general, from 4 to 240 screws (646
screws in total) were inserted by guiding
templates in vitro [17-28].

TS positioning accuracy per grade of dis-
placement, according to literature, was:
Grade 0 — from 58.3% up to 97.6%, Grade I —
from 2.4% to 39.5%, Grade II — 8.7%, Grade
0 + Grade I — from 91.3% to 100%. Screws
malpositioning of Grade III displacement
was not observed [17, 21, 27, 28]. Authors of
research without TS malpositioning analy-
sis by displacement grade report placement
accuracy from 71.7% to 100% (mean of 96%)
[18-20, 22-26)].

Authors of some research conducted a
comparative analysis of positioning accuracy
for TS inserted by free-hand technique and
using guiding templates. Placement accuracy
after use of guiding templates was from 97.9
up to 100%, by free-hand technique — from
81.3t0 89.2% (p<0,05) [21, 26, 28].

Material of the most research was vertebra
specimen of cadavers over 18 years [17-25, 27,
28]. The authors of the present paper identi-
fied only one cadaveric study with analysis
of guiding templates use in lumbar spine in
children from 6 to 13 years old. In that study
10 guiding templates were produced and
used for insertion of 20 screws into lumbar
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spine; no malpositioning of transpedicular
screws was reported [26].

When analyzing publications on guiding
templates use for TS insertion in vivo the au-
thors of the present paper noted that the ma-
jority of papers cover issues of screw fixation
in cervical spine [10, 29-36]. Such focus on
cervical spine is conditioned by its anatomi-
cal features (small dimensions of pedicle,
vicinity of spinal arteries) that require high
precision and accuracy in screws insertion.
Some authors analyzed the use of guiding
templates in cervical spine in general includ-
ing both atlantoaxial segment and subaxial
cervical spine [10, 29, 30]. Other authors
elaborated on such technique for insertion
of screws with different fixation methods
only in atlantoaxial segment [31-35]. There
are some papers covering the use of guiding
templates in subaxial cervical spine [36].

There is some research in literature spe-
cifically dedicated to the aspect of guiding
templates use for TS insertion in thoracic [11,
37—40] and lumbar spine [12, 41, 42]. Some
authors reported studies where positioning
accuracy is analyzed by TS inserted by guid-
ing templates both in thoracic and in lumbar
spine [13, 43] (table 5).

Majority of publications reflect that re-
search design consisted of preliminary test-
ing of constructive features of guiding tem-
plate form and insertion of TS into plastic
vertebra models obtained by prototyping
based on MSCT spine data of the patients,
and further evaluation of screws position-
ing accuracy in prototyped spine segments.
The second stage included surgical proce-
dure where screws were inserted by guiding
templates in vivo and positioning accuracy
in relation to vertebral bony structure was
evaluated [10, 11, 13, 29, 30, 32, 33, 35-38,
42]. In some research prototypes of plas-
ter cast were used instead of plastic models
[39]. Some authors tested the insertion tech-
nique and constructive features of guiding
templates during cadaveric studies prior to
surgical interventions [12, 31]. Some authors

inserted TS by guiding templates directly in
vivo during surgery without a prior stage of
prototyping of operated spine segment [34,
40, 41, 43].

According to literature, guiding templates
were used for insertion overall from 6 to 582
screws in conducted in vivo research (2323
screws in total) [10-13, 29-43].

Analysis of distribution of TS positioning
accuracy according to displacement grade
provided the following results: TS position-
ing of Grade 0 constituted from 80.7% to
98.4% (mean 92.2%), Grade I — from 1.4% to
15.9% (mean — 6.8%), Grade II — from 0.2%
to 4.0% (mean — 2.7%), Grade 0 + Grade I —
from 96.1% to 100% (mean — 98.8%). Grade
IIT screws malpositioning was not reported
[10, 13, 29, 34, 36, 37, 39-41, 43]. The papers
where authors analyzed TS malpositioning
only by its presence without evaluation of
displacement grade, accurate screws posi-
tioning constituted from 96.1% up to 100%
(mean — 99,4%) [11, 12, 30-33, 35, 38, 42].

Some research reported comparative anal-
ysis of positioning accuracy for TS inserted
by free-hand technique and by guiding tem-
plates. The correct TS positioning (Grade 0)
inserted by guiding templates was observed
in 92.6% to 96% of cases, by free-hand
technique — from 75% to 88.8% of cases.
Cumulative percentage of TS with displace-
ment of Grade 0 + Grade I in group of guid-
ing templates was from 96,7% to 100% and
was significantly higher (p<0.05) than the
cumulative percentage of TS inserted by
free-hand technique with displacement
of Grade 0 + Grade I in the range of 86.9% to
98.1% [34, 40, 41, 43].

The greater part of studies on the guid-
ing templates use in the clinical practice
concerns the patients of older age (mean of
51.5 years) suffering such spine pathologies
as degenerative and dystrophic diseases,
rheumatoid arthritis, atlantoaxial instability
along craniovertebral malformation, injuries
and metastases in the spine [10-12, 29, 31—
36, 38,41, 42].
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Significantly less publications are dedicat-
ed to the use of guiding templates in children.
Majority of those provide data on the guiding
templates use for surgical treatment of spine
deformities in cases of idiopathic scoliosis,
systemic and congenital scoliosis in children
of older age [13, 30, 37, 39, 40, 43].

The authors of the present paper note that
during analysis of literature no papers were
found which would be dedicated to the use
of guiding templates for TS insertion in tod-
dlers with congenital scoliosis.

Thus, when collating literature data with
own research the authors of the present pa-
per observed a rather high accuracy of TS
positioning using guiding templates both
in vitro (Grade 0+I — 91.3-100%) and in vivo
(Grade 0+I — 96.1-100%) which conforms
with obtained value of TS positioning accura-
cy in group 2 (in vitro) of the present study —
Grade 0+I — 96.3%. Accuracy of TS position-
ing by free-hand technique in group 1 (Grade
0+I—78,8%) was similar to the literature data
on comparative analysis of positioning accu-
racy of TS inserted by guiding templates and
by free-hand technique (Grade 0+I: 96.7% —
100% against 86.9% — 98.1%).

The authors did not find any papers of
the same research design which is presented
in the current paper. The advantage of this
design is the possibility to conduct a com-
parative analysis of positioning accuracy of
already inserted TS in patients by free-hand
technique with the potential of guiding tem-
plates use and their impact on TS positioning
accuracy in plastic models of vertebrae of the
same patients. Thus, apart from significantly
higher accuracy of TS positioning in group 2
(in vitro) of the current study in comparison
with group 1 (in vitro) the authors also man-
aged to insert a bigger number of TS by guid-
ing templates.

Obtained results look promising and allow
to consider the option on further research ded-
icated to the use of guiding templates for TS
insertion in surgical treatment of congenital
spine deformities in patients of younger age.

Conclusion

The number of correctly placed TS into
the plastic vertebral models of children with
congenital deformities of thoracolumbar and
lumbar spine using guiding templates was
significantly higher than the number of cor-
rectly placed screws by free-hand technique
(96.3% vs 78.8%, p = 0,011).

The results of guiding templates use in
vitro demonstrated a high accuracy for TS
placement which opens perspectives for use
of such navigation in clinical practice in chil-
dren of young age with congenital scoliosis.
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