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ABSTRACT

BACKGROUND: The use of customized surgical guides for transpedicular screw placement improves the accuracy and safety
of the procedure in children with congenital spinal deformities.

AIM: This study aimed to perform a comparative analysis of the effectiveness of a new surgical guide with cutouts for visual
control during transpedicular screw placement in pediatric patients with congenital spinal deformities associated with thoracic
curvatures.

MATERIALS AND METHODS: The study included 30 patients with congenital thoracic spine deformities who underwent surgery
between June 2022 and June 2023. The patients were divided into groups that used the new guide and freehand technique.
Screw placement accuracy was assessed using the Gertzbein scale based on postoperative computed tomography data. Re-
sults were compared using Student's t-test for independent samples because the data were normally distributed, as verified
by the Shapiro—Wilk test. Statistical significance was defined as a p <0.05.

RESULTS: The new guide demonstrated high accuracy, with 97.7% of the screws placed without deviation (Grade 0). Only
2.3% of the screws deviated up to 2 mm (Grade 1), which did not affect the complication rates. The freehand technique had
lower accuracy rates; approximately 89.7% of the screws were placed correctly (Grade 0), 7.5% had a deviation of up to 2 mm
(Grade 1), and 2.8% had a deviation of >2 mm (Grade > Il).

CONCLUSIONS: A new customized guide with visual control cutouts provides high accuracy, reliability, and ease of use, making
it a promising clinical tool for treating congenital spinal deformities.

Keywords: spinal developmental abnormalities; congenital spinal deformities; surgical guides; transpedicular screws; surgi-
cal procedures; implantation accuracy.
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OueHka 3¢(peKTUBHOCTU NPUMEHEHUA HOBOro TUNA
MHAMBUAYaANbHOO WabnoHa-HanpaBuTena ¢ GpyHKuuen
BM3YaJIbHOr0 KOHTPONA y AeTei C BPOXKACHHOM
AedopMaumed NO3BOHOUHUKA

B.I. Topus, C.B. Buccapuonos, I.A. lNepumHa

HauuoHanbHbIN MeAVLMHCKUIA UcCneaoBaTesbCKUIA LIEHTP AeTCKoW TpaBMatonorumn u optoneamu umenn [A. TypHepa, CaHkT-leTepbypr, Poccus

AHHOTALMA

06ocHosaHue. Wcnonb3oBaHue WHAMBULYANbHBIX XWMPYPrUYECKUX LUABMOHOB NS YCTaHOBKM TpaHCMELMKYNAPHLIX BUHTOB
YIy4LLAET TOYHOCTb M 6e30MacHOCTb OnepaLmii Npy BPOXAEHHBIX fedopMaumsax NO3BOHOYHUKA Y JeTei.

Llesy — pa3pabotaTb U NPOBECTU CPABHUTENBHBIA aHaM3 3DHEKTUBHOCTU HOBOMO XMPYPrUYECKOro LabnoHa-HanpaBuTens
C Bblpe3aMu [15 BU3yanbHOr0 KOHTPOJIA NPM YCTAHOBKE TPAHCNEAMKYNAPHBIX BUHTOB Y NaLMEHTOB AETCKOro BO3pacTa € BpOX-
LEHHbIMM fedopMaLmaMu NO3BOHOUYHUKA, CONPOBOXKAAIOLLMMUCA UCKPUBIIEHNAMM TPYLHON KIETKU.

Mamepuanel u Memodel. B uccnepgoBanue BKoYeHbl 30 NaLyeHTOB ¢ BPOXAEHHOW AedopMaLmein N03BOHOYHUKA W FPYAHOM
KNIETKM, KOTOpble MPOXOAMIN XMpyprudeckoe nedeHue ¢ uioHa 2022 no wioHb 2023 r. MMaumeHTbl ObinK pa3geneHbl Ha ABe
rPynMbl: C UCMOb30BaHUEM HOBOTO HaBUIALMOHHOTO LWABOoHa M € NpUMEHEHWEM MeToAa «CBODOLHOM pyKU». TOUHOCTB yCTa-
HOBKM BMHTOB oLeHuBanu no Lwkane S.D. Gertzbein Ha ocHoBe AaHHBLIX MOCIE0NEPALMOHHBIX KOMMbBIOTEPHBIX TOMOrpaduii.
Pe3ynbTathl cpaBHMBanM ¢ NoMoLubto t-Tecta CTblofeHTa A1 HE3aBUCUMbIX BbIBOPOK, TaK KaK AaHHble UMEeNW HopMasnbHoe
pacnpeneneHue, 4to NpoBepsnv ¢ nomowlbio TecTa Lanmpo — Yunka. 3Hayenue p < 0,05 cumtanm cTaTUCTUHECKM 3HAUYUMBIM.
Pe3ynemamel. HoBblii WwabnoH npogeMoHCTpUpOBan BbICOKY0 ToUHOCTb — 97,7 % BMHTOB Bbinu ycTaHoOBNEHDI Be3 OTKNOHE-
Huii (Grade 0). Tonbko ans 2,3 % BMHTOB OTKJIOHEHWe cocTaBuno Ao 2 MM (Grade 1), 4To He NOBAMANO Ha Pa3BUTUE OCIOXKHE-
HWI. [py NpUMeHeHUM MeToaa «CBODOAHOM PyKU» OTMeYeHbl Doslee HU3KME NoKasaTenu TOYHOCTH: oKoslo 89,7 % BUHTOB Dbl
ycTaHoBneHbl koppeKTHo (Grade 0), ans 7,5 % oTkioHeHue cocTaBuno Ao 2 mm (Grade I) n ans 2,8 % — Gonee 2 Mm (Grade |
W BblILLE).

3akntoyenue. HoBblil MHAMBUAYANbHBIA HABUMALMOHHBIN WabnoH ¢ Bblpe3amu Ans BU3yanbHOTo KOHTPOAs 0becneunBaeT Bbl-
COKYH TOYHOCTb, HaleXHOCTb M yO0BCTBO MCMONBb30BaHMS, YTO AENAET ero NepCNEKTUBHBIM MHCTPYMEHTOM Afs KITMHUYECKON
MPaKTUKM MPU JIEYEHUN BPOXKAEHHBIX AedopMaLmii NO3BOHOYHUKA.

KnioueBble cnoBa: aHoManum pa3BuUTUA NO3BOHOYHKUKA; BPOXAEHHaA JJ,ECIJOPMGLI,VIFI M03BOHOYHUKa; LIJaﬁl'IOHbI-HaI'IpaBVITeJ'IVI;
TpaHCNeaAUKYNApHbIe BUHTbI; XUPypruyeckoe nevyeHune; TOHHOCTb UMNaHTaLuun.
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NEW TECHNOLOGIES
IN TRAUMA AND ORTHOPEDIC SURGERY

BACKGROUND

The surgical treatment of pediatric patients with congenital
spinal deformities remains a critical and challenging issue
in modern cerebrology. Congenital spinal pathologies account
for 2%—3% of all scoliotic deformities [1]. A study of the natural
progression of congenital spinal deformities indicated that
the risk of kyphotic and scoliotic curves increasing by up
to 40° over 10 years is significant [2]. The steady progression
of such deformities can profoundly affect the respiratory,
cardiovascular, and nervous systems, ultimately leading
to cardiopulmonary insufficiency syndrome [3]. Over time,
these conditions resulted in severe functional impairments
of the spinal column, cosmetic deformities, reduced motor
activity, and considerable decline in the quality of life
of pediatric patients [4]. In many cases, this progression
leads to early-onset disability.

Modern surgical approaches for progressive congenital
scoliosis aim to correct the spinal curvature while maintaining
the achieved correction as the child grows. In recent years,
correction techniques for congenital spinal deformities
utilizing transpedicular screw fixation with metal constructs
have become prevalent [5]. These constructs enable the highly
effective correction of congenital curvatures, provide
biomechanical stability, and ensure long-term postoperative
outcomes. The accurate placement and positioning
of the metal construct’s supporting elements are critical
determinants of the effectiveness and safety of transpedicular
screw fixation. The safety and accuracy of transpedicular
screw placement are critical for assessing the quality
of surgical treatment and minimizing potential complications.
To increase the accuracy of transpedicular screw placement,
various navigation methods are employed in clinical practice,
including anatomical landmark visualization (freehand
technique), specialized navigation systems, and template-
guided techniques [6, 7]. However, commonly used techniques,
such as the freehand method, are often less accurate and are
associated with a high risk of screw malposition, which may
result in severe complications, including damage to vascular
and nervous structures [8-10]. Navigation systems, such
as multislice computed tomography (CT) or fluoroscopic
stepwise guidance, offer greater precision but have
significant drawbacks. These include high radiation exposure
for pediatric patients and surgical teams, high equipment
costs, prolonged procedural time, and risk of infectious
complications [11].

In recent years, additive technologies have emerged
as a promising solution to enhance the personalization
of surgical interventions. These technologies have
the potential to improve the safety and efficacy of procedures
in pediatric patients with spinal deformities [12].

This study aimed to conduct a comparative analysis
of the effectiveness of a novel surgical guide template
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with visual control cutouts for transpedicular screw
placement in pediatric patients with congenital spinal
deformities and thoracic cage deformities.

MATERIALS AND METHODS

Design and development of a novel navigation
template

The navigation template with visual control cutouts
(Fig. 1) was developed as a monolithic structure using
3D printing with biocompatible plastic. The frame
of the template features a support platform that precisely
matches the contours of the posterior vertebral structures,
including arches, spinous processes, and facet joints.
It is equipped with two contralateral guiding tubes. The frame
includes visual control cutouts: one at the level of the spinous
process apex and two at the projection of the facet joints.
These cutouts enable the verification of the accurate
positioning of the template and adherence to the posterior
bony structures of the vertebrae.

The template ensures stable fixation to the dorsal vertebral
structures, eliminating the risk of displacement in the axial
and sagittal planes. In addition, it allows for the visual
assessment of the accuracy of positioning and precise fit
before forming bone channels for transpedicular screw
placement.

Intraoperative application

Intraoperatively, after the skeletonization of the posterior
vertebral structures, the individualized navigation template
is placed on the vertebra's posterior bony structures,
ensuring that the support platform conforms precisely
to the anatomical contours. Then, the visual control cutouts
were utilized to confirm the accurate positioning and precise
fit of the template. Once the guide template is securely
and accurately fitted to the posterior bony structures, bone
channels for transpedicular screw placement are created

Fig. 1. Top view of the navigation template: 1, template body;
2, guiding tubes; 3, visual control cutouts
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in the vertebral body using a high-speed drill through
the guide tubes integrated into the template frame.

After the removal of the template, the transpedicular
screws are inserted into the prepared bone channels.

Patients and clinical study

The study included 30 pediatric patients with congenital
thoracic spine deformities and associated thoracic
cage deformities who underwent surgical correction
and stabilization at the Department of Spinal Pathology
and Neurosurgery, H. Turner National Medical Research Center
for Children’s Orthopedics and Trauma Surgery, between
June 2022 and June 2023. The patients were divided into two
groups: Group 1 (n = 15) received surgical treatment using
the novel navigation template with visual control cutouts,
whereas Group 2 (n = 15) received surgical treatment using
the freehand method for placing the supporting elements.

Inclusion criteria: patients with congenital thoracic
spine deformities with associated thoracic cage deformities
and aged 5-9 years. Exclusion criteria: previous surgical
interventions in the area of the congenital deformity,
developmental anomalies of the spinal canal or spinal cord.

The following parameters were evaluated:

+ Patient age and sex.

 Magnitude of the scoliotic deformity (measured using
the Cobb method).

+ Pre- and post-operative CT data.

+ Number of formed channels and inserted screws.

« Time required for bone channel formation.

+ Postoperative complications, including infections, neuro-
logical issues, and construct destabilization, over a fol-
low-up period of 1.5 years.

Evaluation of the surgical outcomes

The accuracy of the transpedicular screw placement was
visually evaluated on postoperative radiographs and CT scans
using the Gertzbein scale [13]. To evaluate the effectiveness
of the navigation template versus the freehand method,
the time required for bone channel formation was compared
between the two groups.

Data were analyzed using Student's {-test for independent
samples. The normality of the data distribution was verified
using the Shapiro-Wilk test. A p value of <0.05 was
considered significant.

RESULTS
Clinical data of the patients

The clinical characteristics of the patients included
in the study are summarized in Table 1.

Group 1 (n=5) underwent surgery using the new
navigation template with visual control windows. The mean
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age of the patients was 6.93 + 1.28 years, and the group
included six boys and nine girls. The average preoperative
scoliotic curve was 32.47° + 6.12°, and the average local
kyphosis was 17.27° + 2.37°. A total of 88 transpedicular
screws were placed, and the number of fixation points per
patient ranged from 4 to 8.

Group 2 (n = 15) underwent surgery using the freehand
method for transpedicular screw placement. The mean age
of the patients was 7.4 + 1.45 years, and the group included
4 boys and 11 girls. The average preoperative scoliotic curve
was 32.6° £ 5.67°, and the average local kyphosis was
16.47° + 3.29°. A total of 78 transpedicular screws were
placed, and the number of fixation points per patient ranged
from 4 to 6.

Both groups had comparable baseline clinical charac-
teristics, ensuring the validity of outcome comparisons
and allowing for an accurate assessment of the efficacy
and accuracy of the new navigation template with visual
control windows compared with the traditional freehand
method.

Analysis of the bone channel formation time

In both groups, a guantitative statistical analysis was
performed on the time required to form bone channels
before transpedicular screw placement. The mean times
to create a single channel were 52.6 + 2.6 and 134.7 + 5.3
in Groups 1 and 2, respectively (p < 0.005). Thus, compared
with the traditional method, the navigation template
with visual control windows significantly reduced the time
required for channel formation.

Notably, the time required for the formation of a single
bone channel may vary significantly because of individual
anatomical differences in patients’ bone structures.

Analysis of the accuracy of the transpedicular
screw placement

The results of the assessment of the accuracy
of transpedicular screw positioning, performed using
the Gertzbein scale, are presented in Table 2.

The results show the higher accuracy of then new navi-
gation template when used in placing the transpedicular
screws compared with the freehand method. Moreover,
97.7% of the transpedicular screws were correctly placed
(Grade 0) in the navigation template group. In the free-
hand group, the proportion of correctly placed screws was
84.6%. Screw displacement within 2 mm (Grade 1) occurred
in 2.3% and 11.5% of cases using the navigation template
and freehand method, respectively. In the freehand group,
displacement exceeding 2 mm (Grade Il) was observed
in 3.8% of the cases.

During the postoperative follow-up, no complications
were recorded in either group.

D0I: hitps://doi.org/ 10.17816/ PTORS641742
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Table 1. Clinical data of the patients
Group 1
Patient Sex Age ol:u.;:;l;;rs Magnltudeg:bsbc (:rl:::;;g; formity, ©, Magpnitude of local kyphosis, °
1 M 5 4 34 19
2 M 7 4 30 20
3 F 7 5 37 19
4 F 7 6 26 21
5 F 9 8 34 19
6 F 6 4 29 17
7 M 9 5 39 14
8 M 9 7 39 14
9 F 6 7 23 19
10 M 6 4 33 17
n F 6 8 22 14
12 F 8 8 42 15
13 F 7 8 27 15
14 M 6 5 34 19
15 F 6 5 38 17
Group 2
1 M 8 4 36 17
2 M 8 6 35 19
3 F 8 6 25 12
4 F 9 5 3 18
5 F 7 4 41 12
6 F 5 5 29 20
7 F 8 6 28 12
8 F 8 6 38 21
9 F 9 5 40 13
10 F 8 4 33 14
n M 5 6 39 18
12 F 9 6 27 15
13 F 5 5 23 21
14 M 6 5 29 19
15 F 8 5 35 16

Table 2. Accuracy of transpedicular screw placement according to the Gertzbein Scale

Grade Number of screws Proportion Number of screws Proportion
(Group 1) (Group 1), % (Group 2) (Group 2), %
0 86 977 66 84.6
1 2 2.3 9 ns
2 0 0 3 3.8
3 0 0 0 0
Total 88 100 78 100
DISCUSSION screws placed, 97.7% (86 screws) were positioned correctly

(Grade 0), reflecting the exceptional accuracy of the method.

The results demonstrate the high efficiency, precision, Only 2 (2.3%) screws demonstrated a displacement of up
and usability of the new navigation template with visual to 2 mm (Grade I), which may be considered a satisfactory
control cutouts in the surgical treatment of pediatric patients  outcome that did not lead to malposition-associated
with congenital spinal deformities. Of the 88 transpedicular  complications.
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The inclusion of visual control cutouts did not compromise
the fit of the template to the bone structures, ensuring reliable
adherence to the posterior bony anatomy and facilitating
precise transpedicular screw placement. These findings are
consistent with the results of previous studies highlighting
the advantages of customized navigation templates [14-18].
For instance, Pijpker et al. demonstrated high precision
and accuracy of transpedicular screw placement using
guide templates. Their analysis of 3D deviations revealed
mean entry point and mean angular deviations of 1.40 + 0.81
and 6.70° + 3.77°, respectively. Notably, angular deviations
were significantly greater in the sagittal plane than in the axial
plane (p =0.02). Importantly, all screws were classified as
safe (100%), with no damage to neurovascular structures
or breaches of the pedicle walls, underscoring the reliability
of this method [19].

In contrast, many studies have reported lower accuracy,
slower screw placement, reduced positioning precision,
and higher incidence of complications with traditional
methods compared with guide templates. For example,
with the freehand method, the overall screw placement
accuracy is approximately 73% [20], and 11.9% of cases
exhibit screw deviations >2 mm, significantly increasing
the risk of complications [21].

The developed customized guide template demonstrated
exceptional accuracy of adherence to the posterior bony
structures of the vertebrae. It ensured optimal stability
during bone channel formation for the construction
of support elements, enabling precise transpedicular screw
placement. In the study, no patients had guide template
displacement during the creation of channels for spinal
system anchors, confirming the stability and reliability
of this innovation.

The new guide template with visualization windows
provides high precision for transpedicular screw placement,
reliability, and ease of use during surgical procedures
for correcting congenital spinal deformities, which can
significantly improve surgical results.
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