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The paradigm shift in surgery of the injured spine during
the last few decades is characterized by the active implemen-
tation of the principle of stabilization without fusion. This
approach significantly expands the possibilities of surgi-
cal interventions in terms of the completeness of decompres-
sion and spinal axis restoration, but also it determines higher
requirements for the reliability of the fixation systems and
the uniformity of load distribution on both metal systems and
bone structures. Objective. To determine the features of load
distribution in the area of the thoracolumbar junction after
resection of one vertebra, as well as the effect of the trans-
pedicular screw length and cross-links of the stabilization
system. Methods. Mathematical finite-element model of the
thoracolumbar human spine was developed. The model simu-
lated the state after surgical treatment of a traumatic injury to
the thoracolumbar junction with significant damage to the body
of the Thyy vertebra. We studied 4 variants of transpedicular
fixation (using monocortical screws and long bicortical screws,
as well as two cross-links and without them). Results. When ana-
lyzing the stress-stain state of the model, we found that the most
loaded bone structures during lateroflexion are the vertebral
bodies. For the Ly vertebral body, the load values were 17.2,
16.2, 16.3, and 15.5 MPa, respectively, for models with mono-
cortical screws without cross-links, bicortical screws without
cross-links, monocortical screws and cross-links, and bicorti-
cal screws and cross-links. The peak loads on the transpedi-
cular screws were recorded on those implanted in the body
of the Thy, vertebra (24.8, 25.7, 22.8 and 24.3 MPa, respectively,
for the considered models) and in the body of the Ly vertebra
(20.2, 24.6, 19, 7 and 23.7 MPa). Conclusions. The use of long
transpedicular screws causes less stress on the bony elements
than the short screws. At that time stresses on the screws them-
selves and the bone tissue around them increase. Cross-links
help to reduce stress at all control points on models with both
short and long transpedicular screws.
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3mina noensdie na xipypeito mpaemosano2o xpebma npomseom
OCMANHIX 0eKiNbKOX 0ecAmunims Xapakmepu3yemocs aKmue-
HUM YNPOBAONCEHHAM NPUHYUNy cmaobinizayii 6e3 koncoaioayii.
Le 3nauno poswupioe modcaugocmi empyuans o000 NOGHO-
mu O0exomnpecii ma noeHoyiHHOCMI 8i10HOGNIEHHs OCi Xpebma,
azne sucysac nioguujeHi umoeu 00 HAOIiHOCMI (PIKCYBATbHUX
cucmem i piGHOMIPHOCMI PO3NOOINY HABAHMANCEHHA HA Me-
ManokoHcmpyKyito i Kicmkogi cmpykmypu. Mema. Bueuumu
0coOIUBOCMI PO3ZNOOINY HABAHMAICEHHS HA MOOeL 2pyOonone-
PeKo6o2o nepexody 6 pasi pezekyii 00H020 Xpebys, a MmaKoic
3a1eHCHO 60 008AHCUHU MPAHCHEOUKYIIAPHOLO 26UHMA | NONe-
PpeuHUx cmsancok cucmemu cmaobinizayii. Memoou. Pozpobaeno
MameMamuyny CKiHYeHHO-eNeMeHmMHy MoO0elb 2pyoonone-
peKkosoco 8i00iny xpebma N0OUHU, AKA IMIMye Cman nicasa Xi-
Pypeiuno2o JNiKY8aHHS 1020 MPABMAMUUHO20 YUKOONCEHHA 3i
sHauHum ypasicenuam mina xpeoys Thy,. Jocriounu 4 eapianmu
mpancneouxkyaapuoi ¢ixkcayii (i3 suxopucmauuam MOHOKIp-
Kosux (ikcysanvHux i 0082ux OIOKIPKOGUX 28UHMIB, 4 MAKONMC
080X nonepeunux cmsicox i 6es nux). Pesynomamu. Ananiz na-
npysiceno-0edopmosanoeo cmamy Mooeni GUABUS, o HALIHABAH-
masiceHimuUMU KiCMmKOGUMY CMPYKMypamu 3a iamepoguexcii
€ mino xpebysi Ly, Oe éenuuuna nasanmasicenus cmanoguaa 17,2;
16,2; 16,3 ma 15,5 MIla, 8i0nogiono 015 mooeneii i3 MOHOKIPKO-
BUMU 2BUHMAMU Oe3 NONepPeyuHUX CIMANCOK, OIKIDKOBUMU 2BUH-
mamu 6e3 CmANCOK, MOHOKIPKOSUMU SBUHMAMU MA CIANCKAMU,
bixipkosumu eeunmamu u cmaxckamu. Ilikoei nasanmasicenns
Ha MPaHCcneOUKYIAPHUX 2BUHMAX 3AQIKCOBAHO HA IMNIAHMOBA-
Hux y mino xpeoys Thy (24,8, 25,7; 22,8 i 24,3 MIla, 6ionogiono
015 pozenanymux mooeneit) ma 6 mino xpeoysa Ly (20,2, 24,6,
19,7 i 23,7 Mlla). Bucrosku. Buxopucmants 0oseux mpaucne-
OUKYIAPHUX 26UHMIB 3 HAXUTY 6DIK CAPUYUHAE MEHe Hanpy-
JHCeHNS 8 KICIKOBUX eleMeHmax, Hidie y Mooeni 3 KOpomKumu
26UHMAMU, AJle Ha CAMUX 26UHMAX | KICMKOGIll MKAHUHI HABKOJI0
HUX Hanpydcenns 3pocmaiomn. [lonepeuni cmadicku cnpusoms
SHUIICEHHIO HANPYIHCEHHS 8 YCIX KOHMPOIbHUX MOYKAX MoOenell
AK 13 KOPOMKUMU, MAK | 3 0082UMU QIKCYBANLHUMU 26UHMAMU.
Kniouosi crosa. Ckinuenno-eiemenmna mooeib, epyoononepe-
KOGUll nepexio, KOpnopekmomis, OiKipko8a mpaHcneouKyiapHa
cmabinizayis, nonepeyna cmsadxicKa, lamepoguexcis.
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Introduction

Traumatic spine injuries are a medical and social
problem. They rank third among injuries of the mus-
culoskeletal system and are characterized by high
rates of disability and permanent loss of working
capacity. The increase in the number of traffic and
industrial injuries, as well as falls from a height,
leads to an increase in the number of patients with
spinal column injuries of various degrees and nature.
At the beginning of the 20" century the share of spi-
nal injuries accounted for about 0.33 % of the to-
tal number of all traumatic injuries, with 5.0 % in
the 1930s and more than 6.0 % in the 1940s and 1950s
[1, 2]. According to the Global Burden of Disease,
in 2019, about 90,000 primary traumatic spine inju-
ries were registered in Ukraine (more than 200 cases
per 100,000 population or 4.12 % of the total number
of fractures) [3].

More than 90 % of spine injuries are known to be
indirect in nature, causing damage to the most bio-
mechanically vulnerable parts of the spine, mostly
the cervical region and the thoracolumbar junction
(TLJ) [4]. Injury to the osteoligamentous apparatus
of one or more vertebral motor segments results in
a partial or complete loss of their stability, support
function, axis disturbance, in a number of cases —
in compression of nerve formations of the spinal ca-
nal by bone fragments or displaced bone structures,
which can cause neurological deficit. Accordingly,
the main tasks of surgical intervention are stabiliza-
tion, decompression and correction of the spinal axis,
while the scope and necessity of each of these stages
is determined individually depending on the speci-
fics of the injury. For a long time, the achievement
of a secondary stable spondylodesis was actually
a mandatory criterion for the successful surgical
correction of most traumatic injuries of the spinal
column.

The introduction of new effective methods of in-
traoperative visualization into practical health care,
as well as the improvement of implantable stabiliza-
tion systems, contributed to the change of strategic
approaches and certain technical aspects of perform-
ing surgical interventions in patients with traumatic
spinal injuries. Analysis of the amount of medical
care provided to patients with spinal cord injuries,
in particular the areas of the thoracolumbar transi-
tion, in a historical aspect revealed the expansion
of indications for surgical correction and an increase

in the number of these interventions for significant
destruction. Minimally invasive and hybrid (in com-
bination with cementoplasty) interventions have
been developed, which make it possible to achieve
the maximum clinical effect with minimal trauma for
the treatment of a large number of types of injuries
[5, 6]. Under these circumstances, a situation may
arise when it is not possible to achieve a true (seconda-
ry) spondylodesis due to bone regeneration.

The change in the paradigm of surgery of the in-
jured spine during the last few decades has been cha-
racterized by the active implementation of the princi-
ple of stabilization without fusion. This significantly
expands the possibilities of operative interventions
regarding the completeness of decompression and
the completeness of the restoration of the spine axis,
but it puts forward greater requirements for the re-
liability of the fixation systems and the uniformity
of the distribution of the load both on the metal struc-
ture and on the bone structures [7]. The TLJ area is
one of the most damaged areas of the spine, so this
approach can be used in the case of injuries of type
A3 and A4 (large fragmentation of the vertebral body
requires the removal of most of the bone fragments
for decompression) or type C (restoration of the axis
is impossible without partial or complete resection
of the injured body vertebra). The use of telescopic
body replacement systems greatly facilitates the res-
toration of support function.

Currently, these surgical interventions are in-
creasingly used in clinical practice, as they are as-
sociated with better indicators of the quality of life
of patients in the distant period after the injury. How-
ever, the biomechanical component that determines
the specifics of the load on the fixed spine and, ac-
cordingly, the reliability of long-term fixation, has
been little studied. In previous publications, the bio-
mechanical characteristics of the stabilized frag-
ment of the TLJ in the case of resection of the body
of the Thy, vertebra under the influence of flexion
and extension loads were considered [8, 9]. We have
studied the features of the loading of bone structures
and metal construction elements in the case of asym-
metric loading — lateroflexion.

Purpose. To study the features of load distribution
in the thoracolumbar transition zone during surgi-
cal resection of one vertebra, as well as the effect on
the load distribution of the length of the transpedi-
cular screw and transverse ties of the stabilization
system.
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Material and methods

Since the biomechanical study of the effectiveness
of various fixation options requires comprehensive
information on the stress distribution and deforma-
tion of a large number of both bone and metal struc-
tures, the use of the finite element method for analysis
was considered the most appropriate.

In the biomechanics laboratory of the State Insti-
tution Professor M. 1. Sytenko Institute of Spine and
Joint Pathology of the National Academy of Sciences
of Ukraine a mathematical finite-element model
of a human thoracolumbar spine was developed,
which contained the vertebrae Th;x—Thy; and L,—Ly,
as well as elements of metal structures, namely an in-
terbody support and a traspedicular 8-screw stabiliza-
tion system. Vertebra Thy;; was removed. The model
simulated the state after surgical treatment of a trau-
matic injury to the TLJ area with a significant lesion
of the body of the Thyy vertebra, which requires not
only posterior decompression and stabilization, but
also replacement of the support function of the ver-
tebral body — installation of a body replacement
implant.

Different variants of transpedicular fixation were
modeled: with the use of standard-length transpedi-
cular screws immersed in the vertebral body by 2/3,
or long bicortical screws that pass through the inner
cortical layer of the anterior surface of the vertebral

Table 1
Mechanical characteristics of materials
used during modeling

Material Young's modulus, MPa Poisson's ratio, v
Cortical bone 10 000 0.30
Spongy bone 450 0.20
Articular cartilage 105.5 0.49
Intervertebral discs 4.2 0.45
Titan BT-16 110 000 0.30

Fig. 1. Scheme of model loading (a) and location of control
points (b, ¢). Explanation in the text

body, as well as two transverse ties and without them.
So, the studied model had 4 modifications: 1) mono-
cortical screws without transverse ties; 2) bicorti-
cal screws without transverse ties; 3) monocortical
screws and two transverse ties; 4) bicortical screws
and two transverse ties. A detailed description and
characteristics of the model are given in previous
publications [8, 9].

During modeling, the material was considered ho-
mogeneous and isotropic. A 10-node tetrahedron with
a quadratic approximation was chosen as a finite ele-
ment. The mechanical properties of biological tissues
(cortical and spongy bones, intervertebral discs) for
mathematical modeling were selected according to
data [10, 11]. The material of metal construction ele-
ments was titanium. The mechanical characteristics
of artificial materials were chosen from the technical
literature [12]. For the analysis, we used such charac-
teristics as E — modulus of elasticity (Young's modu-
lus), v— Poisson's ratio. Information on the mechani-
cal characteristics of materials is given in Table 1.

We studied the stress-strain state of the models
under the influence of a bending load acting from
right to left and simulating the inclination of the body
to the left, along the distal surface of the Ly disc,
the model had a rigid fixation. The load was applied
to the body of the Thix vertebra and the right facet
joint. The magnitude of the load wa 350 N. The load
diagram of the models is shown in Fig. 1, a.

For the convenience of studying changes in
the stress-strain state of the models depending on
the method of transpedicular fixation, the amount
of stress was determined at the control points:
1 — the body of the Thx vertebra; 2 — the body
of the Thy vertebra; 3 — the body of the Thy; verteb-
ra; 4 — the body of the L; vertebra; 5 — the body
of the L, vertebra; 6 — the body of the Ly; verteb-
ra; 7 — the body of the L,y vertebra; 8 — the body
of the Ly vertebra; 9 — the lower locking plate
of the body of the Thy, vertebra; 10 — the upper lock-
ing plate of the body of the L, vertebra; 11 — entry
of screws into the arch of the Thy vertebra; 12 —
entry of screws into the arch of the Thy, vertebra;
13 — entry of screws into the arch of the L; vertebra;
14 — entry of screws into the arch of the L;; verteb-
ra; 15 — screws in the body of the Thy vertebra;
16 — screws in the body of the Thy; vertebra; 17 —
screws in the body of the L; vertebra; 18 — screws
in the body of the L vertebra; 19 — ties between
the screws in the bodies of the Thy and Thy, verteb-
rae; 20 — ties between the screws in the bodies of L,—
Ly vertebrae; 21 — interbody support.
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Analysis of the stress-strain state of the models
was carried out using the finite element method.
The criterion for its evaluation was stress accord-
ing to Mises [13]. Modeling was performed using
the SolidWorks automated design system (Dassault
Systemes, France). Calculations of the stress-strain
state of the models were carried out using the Cos-
mosM software complex [14].

Results

In the model with the use of transpedicular fixa-
tion with short screws without transverse ties (Fig. 2),
the maximum stress values of 17.2 and 17.5 MPa were
recorded in the bodies of the L;; and L,y vertebrae, re-
spectively. In the contact zones of the interbody sup-
port with the vertebral bodies, the maximum value
(12.9 MPa) was registered on the upper end plate
of the body of the L; vertebra, while on the lower end
plate of the body of the Thy; vertebra, the stress value
was much lower (6.2 MPa). Around the fixing screws,
the maximum stress (7.3 MPa) occurred in the L;; ver-
tebra. In other vertebrae, this indicator was from 3.5
to 3.9 MPa.

Regarding the metal structures, the screws in
the bodies of the Thy and Thy, vertebrae were
the most stressed (21.2 and 24.8 MPa, respectively),
slightly less stress was registered on the fixing screw
in the L;;; vertebra (20.2 MPa). The amount of stress
in the interbody resistance was 32.7 MPa.

The use of long screws of the stabilization sys-
tem without transverse ties (Fig. 3) slightly reduced
the amount of stress in all control points, except for
the zone around the fixing screws, where a 10 % in-
crease in stress was recorded, which is a consequence
of its growth on the fixing screws. So, the indicators
for the roots of the arches of the vertebrae Thy, Thy,
L,and L, were 8.0; 5.4; 7.5 and 12.2 MPa, respec-
tively. In addition, this modification of the model
was characterized by the highest, compared to other
options, stress indicators in transpedicular screws,
which is of fundamental importance for predicting
the ability of fixation in the remote period.

The use of transverse ties together with short fix-
ing screws (Fig. 4) had a positive effect on the stress-
strain state of the model, in particular, it contributed
to a decrease in the value of the maximum stress at all
control points. The biggest difference was registered
in the screw entry zones at the root of the arches.
The stress reduction in these areas, compared to
the use of short screws without transverse ties, aver-
aged 11.8 %. In addition, the use of transverse fixa-
tors made it possible to reduce the load on transpedi-
cular screws by an average of 7.0 %. The stress on

the ties was 21.7 and 17.2 MPa on the top and bottom,
respectively.

Transverse ties in combination with long fixing
screws (Fig. 5) for the inclination of the trunk to
the left also contributed to the reduction of stress in
all control points of the model compared to the model
without ties. The biggest difference (170 %) was regi-
stered in the roots of the vertebral arches. Compared
with the short screw fixation model with transverse
ties, the use of bicortical screws demonstrated a slight
biomechanical advantage.

Information on the amount of tension in all control
points of transpedicular fixation models is given in
Table 2.

A comparison of the stress indicators under
the influence of the load, which simulates the incli-
nation of the trunk to the left, at the control points
on the bone elements of the transpedicular fixation
models (Fig. 6) revealed certain differences between
the transpedicular fixation options and a tendency
to decrease the indicators when using long screws
and transverse ties. It is worth noting the fact that in
the case of using long fixing screws without trans-
verse ties, the tension in the vertebral bodies around
the screws increased significantly.

It was established that in the case of a trunk tilt
to the left, the amount of stress in the metal elements
in different versions of transpedicular fixation differs
slightly (Fig. 7). At most control points, the combi-
nation of monocortical screws and transverse ties
showed the lowest stress values.

Discussion

Due to the small number of publications, it is im-
possible to compare the results obtained by us with
the indicators of other researchers. Despite the wide-
spread use of the finite element analysis method
during the simulation of the correction of various
pathological conditions of the human musculoskeletal
system in general, and in particular spinal injuries,
it was not possible to find studies comparable in de-
sign to ours. This is probably explained by the signifi-
cant variability of approaches to surgical correction
of traumatic injuries of the TLJ. Some authors ad-
here to the most conservative tactics, claiming that
resection of the vertebral body in case of fractures is
impractical, and posterior stabilization with appro-
priate postoperative rehabilitation makes it possible
to achieve adequate consolidation of fragments [15].

On the other hand, the improvement of medical
instruments and more modern methods of anesthetic
support made it possible to actively use lateral and
anterolateral accesses to the area of the TLJ with
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Fig. 2. Stress distribution in the model of the thoracolumbar spine after resection of the Thyy vertebra under the influence of a load
that simulates a trunk tilt to the left. Transpedicular fixation with short screws without transverse ties (modification of model No. 1):

a — anterior view; b — lateral view; ¢ — posterior view; d — screws
364,33
i 10
d

M2 gw iw

Fig. 3. Stress distribution in the model of the thoracolumbar spine after resection of the Thy vertebra under the influence of a load that
simulates a trunk tilt to the left. Transpedicular fixation with bicortical screws without transverse ties (modification of model No. 2):

a— anterior view; b — lateral view; ¢ — posterior view; d — screws
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Fig. 4. Stress distribution in the model of the thoracolumbar spine after resection of the Thy; vertebra under the influence of a load
that simulates a trunk tilt to the left. Transpedicular fixation with monocortical screws in the presence of transverse ties in the system
(modification of model No. 3): a — anterior view; b — lateral view; ¢ — posterior view; d — screws
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Fig. 5. Stress distribution in the model of the thoracolumbar spine after resection of the Thx; vertebra under the influence of a load
that simulates a trunk tilt to the left. Transpedicular fixation with bicortical screws in the presence of transverse ties in the system
(modification of model No. 4): a— anterior view; b — lateral view; ¢ — posterior view; d — screws

364,33
10

S = NWhk L1 OV 0O

e

S = NWhk i OV 0O

S —NWhk i A

364,33

—_
(=)

S = NWhk L1 O 0O

-




ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2023. Ne 4

20
L 15
[aW
=10
w
17
8 5 || Il ||| | | ||
7
o s I |I| II Ill II
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Control points
m short screws without ties m long screws without ties
W short screws with ties long screws with ties

35
30
<25

S20
415
v
S10
95
15 16 17 18 19 20 21

Control points
m short screws without ties

(=]

m long screws without ties

W short screws with ties long screws with ties

Fig. 6. The amount of stress at the control points on the bone
elements of the models

Fig. 7. The amount of stress at the control points on the elements
of the metal structures of the models

Table 2

Stresses under the influence of a load that simulates a trunk tilt to the left in models of the thoracolumbar spine
after resection of the Thy,, vertebra with different options for transpedicular fixation

Control point Stress, MPa
screws without ties screws with ties
Ne 30Ha short long short long
1 The body of the Thix vertebra 1.0 1.0 1.0 1.0
2 The body of the Thy vertebra 8.6 8.0 8.3 7.4
3 The body of the Thy, vertebra 7.0 6.8 6.0 5.8
4 The body of the L, vertebra 8.3 8.2 8.2 7.9
5 The body of the L, vertebra 17.2 16.2 16.3 15.5
6 2 The body of the Ly vertebra 14.5 14.2 13.9 13.1
7 é The body of the L,y vertebra 17.5 16.9 16.8 15.9
8 %‘ The body of the Ly vertebra 14.8 14.5 14.3 14.3
9 | The lower locking plate of Thy, vertebra 6.2 6.1 5.7 5.6
10 The upper locking plate of the L,vertebra 12.9 12.4 12.5 12.2
11 Entry of screws into the arch of the Thyxvertebra 39 8.0 32 2.7
12 Entry of screws into the arch of the Thy, vertebra 3.9 5.4 3.6 2.6
13 Entry of screws into the arch of the L vertebra 3.5 7.5 3.1 2.1
14 Entry of screws into the arch of the Ly vertebra 7.3 12.2 7.0 53
15 Screws in the body of the Thyvertebra 21.2 23.0 19.5 21.6
16 é Screws in the body of the Thy,vertebra 24.8 25.7 22.8 243
17 g Screws in the body of the L;vertebra 18.7 233 16.9 19.1
18 % Screws in the body of the Ly vertebra 20.2 24.6 19.7 237
19 % Ties between the screws in the bodies of the Thx and Thy, vertebra — — 21.7 23.1
20 g Ties between the screws in the bodies of the L; and L, vertebra — — 17.2 18.3
21 Interbody support 327 30.9 32.0 27.5

subsequent resection of the vertebral body. Such in-
terventions are mostly combined with posterior sta-
bilization. Discussion of the advantages of surgical
approaches (anterior, posterior or combined) for spi-
nal injuries is still relevant [16, 17]. Mostly, in bio-
mechanical studies, these, “most modern” tactical
approaches are considered [18—20].

Gradually accumulated clinical experience and
analysis of the long-term results of treatment of pa-
tients with traumatic injuries of the thoracolumbar

spine allowed a number of researchers to conclude
that in most cases it is the isolated posterior access
that is the most reasonable, as it allows solving all
surgical tasks with minimal risks of iatrogenic inju-
ries of critical importance anatomical structures [21—
23]. Such a strategy, against the background of the al-
most complete absence of biomechanical studies that
would correspond to the volume of interventions be-
ing carried out, determines the relevance of our study.
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One of the few publications that make it possible
to indirectly confirm the results of our research is
the work of M. Alizadeh and M. R. A. Kadir [24].
The authors demonstrate the expediency of using
8-screw stabilization for resection of the body of one
vertebra in the TLJ area. The high stress on the ele-
ments of the model was confirmed during the simula-
tion of lateroflexion. However, the analysis of the load
on the components of the metal structure was not car-
ried out in this study, and the main attention was paid
to the assessment of the condition of the intervertebral
discs. A similar load distribution during lateral tilt
simulation was demonstrated by M. J. Bolesta et al.
by ex vivo loading of spinal column fragments [25].

Analysis of the nature of load distribution dur-
ing lateroflexion revealed peculiarities compared to
other load patterns. Thus, high stress indicators were
registered in the body of the L, vertebra, which in-
dicates that the tilt to the side is the most unfavor-
able in terms of the extraction risks of the most cau-
dally located elements of the stabilization system.
The load on the screws is maximum both in the body
of the Ly, vertebra, which is natural, and in the body
of the Thy; vertebra. However, transpedicular screws
are usually loaded relatively uniformly at different
levels, and the difference in performance regardless
of the design of the stabilization system does not ex-
ceed 10 %. This to some extent confirms the mechani-
cal ability of 8-screw fixation for resection of one
vertebra in the area of the TLJ, as no significant risks
of fragmentation of transpedicularly installed ele-
ments were found.

The comparison of the results presented in this
publication with the data of our earlier studies is
quite indicative. Thus, with the resection of two ver-
tebral bodies in the TLJ zone, similar types of stabi-
lization during lateroflexion cause much less load on
the corresponding vertebral bodies and much more
on the transpedicular screws, which does not exceed
the strength characteristics. This testifies to the ade-
quacy of the given results, as it correlates with clini-
cal observations of the course of the postoperative
period in patients who underwent surgical interven-
tions, comparable to the simulated ones.

The fragment of the study presented in the publi-
cation is the final in a series of experiments aimed at
optimizing the reliability of transpedicular fixation
of a traumatically damaged area of the thoracic spine.
The comparison and analysis of the data obtained
for different options for loading the stabilized area
of the TLJ will make it possible to identify the most
critical areas and provide practical recommendations

for reducing the risks of fixation failure in the remote
postoperative period.

Conclusions

The use of long fixation screws with a trunk tilt
to the left causes stress in the bony elements some-
what less than in the model with short screws. At
the same time, the stress on the screws themselves
and the bone tissue around them increases. The dif-
ference in indicators at most monitored points of both
models does not exceed 10%.

Transverse ties help to reduce stress at all control
points on models with both short and long locking
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