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Abstract. Worldwide, acute generalized peritonitis (AGP) is a common medical and surgical emergency and a
major cause of mortality. Despite the obvious successes of diagnostics, the use of various antibacterial drugs of the
new generation, the introduction of modern methods of minimally invasive treatment, the mortality rate in AGP
ranges from 12.5% to 39.2%. The basis of the severe course and high mortality rates in acute peritonitis is often
concomitant pathology, among which obesity is present in 7.5% to 14.0%.

Aim — to study the state of the indicators of the nitric oxide system in the body of experimental animals with
simulated AGP against the background of obesity and compare them with groups of obese animals and with animals
with AGP.

Materials and methods. 64 white Wistar rats were used, which were divided into three groups: the main
group — 24 animals with GPP simulation on the background of obesity; comparison group — 8 animals with obesity
simulation; another comparison group — 24 animals with GPP modeling; control — 8 intact animals. GPP was modeled
by injecting 10% filtered fecal suspension into the abdominal cavity. Obesity was simulated using a high-calorie diet.
Using the photospectrometric method, the content of indicators of the nitrogen nitrite system in the blood and liver
of animals was determined.

Results. After analyzing the indicators of nitrites and nitrates in the blood serum of the main group and the
comparison group, we established a clear tendency to increase depending on the increase in the duration of the
experiment after GPP simulation in these two studied groups. On the 1st day, the level of NOx metabolites in the
blood serum of the group of animals with GPP on the background of obesity was significantly higher than that in the
group of animals with isolated GPP (by 9%), on the 3rd day — by 8%, and on the 7th day — by 7% respectively (p<0.05).
Comparing the indicators of NO-synthase activity in the liver of the rats of the main group and the comparison
group, we obtained higher indicators in the animals of the GPP group and the background of obesity during all
periods of the experiment: on the 1st day — by 16%, on the 3rd day — by 14%, and on the 7th day — by 13% (p<0.05).

Conclusion. Therefore, based on the statistically significantly higher levels of NO-synthase in the liver and the
content of nitrates and nitrites in the blood serum of animals with AGP on the background of obesity compared
to animals with isolated obesity or animals with AGP, we established a significant increase in nitrooxidative stress
mechanisms during all periods of the experiment in animals with a combination of AGP and obesity.
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The zone of the thoracolumbar transition is one of the "most typical" areas of traumatic changes under the
influence of mechanical stress on the human body. In modern clinical practice, many different types of surgical cor-
rection of traumatic injuries in this area are used, which ensure adequate decompression of the structures of the
spinal canal, correct the axis of the spine and complete stabilization. Despite the achievements of modern medicine,
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these surgical interventions are characterized by a certain percentage of complications caused by the overloading
of certain areas of the stabilization system or bone structures of fixed vertebrae. Therefore, one of the ways to solve
this problem is to increase the reliability of fixation without increasing its length due to ensuring a uniform load.
This study aimed to study the stress-strain state of the model of the lumbar spine after resection of the Th12 verte-
bra with various options for transpedicular fixation when the trunk is tilted forward. The task was implemented by
developing a finite-element model of the thoracolumbar section of the human spine, simulating the condition after
surgery for an explosive fracture of Th12 with existing interbody support and a transpedicular system consisting of
8 screws installed in the bodies of Th10, Th11, L1 and L2. The influence of different lengths of transpedicular screws
and the presence of crosslinks on load distribution was studied. It was determined that when the trunk is tilted for-
ward, the use of crosslinks reduces the stress level at all control points of the models, regardless of the length of the
used fixing screws. At the same time, using long bicortical screws causes an increase in the stress level in the body
of the T11 vertebra, around all the fixing screws and on the screws themselves. Using transpedicle screws with a
standard depth of immersion and crosslinks appears to be the most biomechanically appropriate.

Key words: finite element model; thoracolumbar transition; transpedicular stabilization; crosslink, forward bend.

Connection of the publication with planned re-
search works.

The work is a fragment of the research work “Inves-
tigate the mechanisms and develop a complex of thera-
peutic measures to reduce disability and improve the
quality of life of patients with spinal cord injury”, state
registration number 0119U000110.

Introduction.

According to the data from epidemiological studies,
approximately 60% of all traumatic spine injuries occupy
the thoracolumbar junction (TLJ) [1-3]. Historically, con-
servative treatment methods were considered better for
patients without pronounced neurological deficits and
gross deformation of the spinal axis [4, 5]. The develop-
ment of medicine in recent decades, which determines
the introduction of more advanced methods of surgical
correction into clinical practice, as well as the emphasis
on the quality of life of victims, both in the early and re-
mote periods of injury, have significantly influenced the
general strategy for the treatment of traumatic injuries
of the spine as a whole and the thoracolumbar junction
in particular [6, 7].

Spondylodesis, being one of the most common sur-
gical methods of treating spinal fractures, when used
effectively, allows for early verticalization of the victims
while excluding the development of post-traumatic ky-
photic deformity, which definitely determines not only
a medical but also a socio-economic advantage [8, 9].
Several methods of surgical spondylodesis have been
developed for the TLJ area, including anterior fixation,
posterior fixation, and combined techniques. Posterior
accesses for surgical correction of traumatic injuries of
the TLJ zone, developed at the beginning of the 20th
century, and currently in almost all cases, allow the sur-
geon to implement the tasks set before him, namely:
to ensure adequate decompression of the structures of
the spinal canal and, using specific fixation systems, to
perform as adequate correction of the spine axis, and
complete stabilization [10]. Frontal and anterolateral ap-
proaches for traumatic damage to the TLJ area began to
be used much later. Only in 1968 R.P. Kelly and T.E. Whi-
tesides Jr., for the first time, proposed the use of front-
lateral access by A.R. Hodgson and F.E. Stock, which was
previously classically used in the surgical treatment of
tuberculous spondylitis [11]. In fact, the main prerequi-
site for using a more complex and traumatic approach
was the imperfection of the existing posterior fixation
systems, which did not allow for adequate stabilization
after a long laminectomy. Currently, the use of transpe-

dicular fixators has almost completely solved the men-
tioned problem, and the active introduction into clini-
cal practice of telescopic body replacement implants,
which allow restoring the support function of the re-
sected body from the posterior approach, has almost
completely eliminated the need for combined anteri-
or-posterior surgical interventions. In fact, ventral and
ventrolateral corpectomy with subsequent stabilization
in the TLJ zone is justified only concerning oncological
lesions. However, the question of the advantages and
disadvantages of particular methods and in the case of
traumatic injury of the TLJ remains debatable [12, 13].

The scope of surgical intervention for traumatic in-
juries of the TLJ zone is determined based on the prin-
ciple of maximum effectiveness with minimal trauma.
Accordingly, depending on the degree of damage to the
support complexes of the vertebral-motor segment, the
presence of compression of the structures of the spi-
nal canal and deformation of the axis, both completely
minimally invasive stabilizing interventions can be used,
which allow in some cases, in addition to effective spon-
dylodesis, to perform indirect decompression, as well as
wider open ones. According to various studies, explo-
sive fractures of the TLJ account for 10-30% of all trau-
matic injuries in the region of the TLJ. The nature of such
damage, in most cases, involves complete or partial re-
section of the vertebral body that has lost its support-
ing function, with its replacement by an implant, as well
as posterior fixation, which determines overall stabil-
ity [14]. According to most researchers, using an eight-
screw transpedicular system during the resection of one
body in the region of the TLJ is sufficient to ensure a reli-
able primary stable spondylodesis. However, even such
a rather long fixation is not always effective, manifested
by a certain percentage of fragmentation and disloca-
tions of metal structures [15, 16]. Attempts to increase
the reliability of fixation without increasing its length
are implemented using connecting crosslinks and longer
transpedicular screws for their bicortical introduction
[17-19]. However, such approaches are based rather on
empirical data and practically do not have proper bio-
mechanical justification.

It is evident that the uniformity of the load distribu-
tion in the fixed part of the spine, which determines the
fixation’s reliability, largely depends on the load pattern.
Considering the fact that the main weight of the body
is always located in front of the spine, it is quite natural
that the entire thoracolumbar region in a neutral verti-
cal position is subjected to a flexion load. The amplitude
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of the bending moment is greater, and the more
pronounced the physiological bends. Its maximum
value is recorded at the top of the thoracic kypho-
sis, and the minimum, up to negative values, is the
lumbar lordosis. The TLJ area is the only area of
the spine where the intensity of the bending mo-
ment is practically independent of the depth of the
spine bends [20]. Accordingly, when assessing the
nature of the distribution of loads on various struc-
tures of the fixed spine, both bone and metal, to

Table 1 — Mechanical characteristics
of the materials used in the modelling process

Material Young’s modulus (E), MPa | Poisson’s ratio, v
Cortical bone 10000 0,3
Spongy bone 450 0,2
Articular cartilage 10,5 0,49
Intervertebral discs 4,2 0,45
Titan VT-16 110000 0,3

determine the reliability of the analyzed stabiliza-
tion methods, flexion should be considered as one of
the main load patterns.

The aim of the study.

To determine the stress-strain state of the lumbar
spine model after resection of the Th12 vertebra with
various options of transpedicular fixation when the
trunk is tilted forward.

Object and research methods.

In the biomechanics laboratory of the Sytenko Insti-
tute of Spine and Joint Pathology National Academy of
Medical Sciences of Ukraine, a mathematical finite-ele-
ment model of the section of the thoracolumbar area of
the human spine was developed, which contained the
vertebrae Th9-Th1l and L1-L5. At the same time, the
Th12 vertebra was completely removed. The model also
included elements of metal structures — interbody sup-
port between the Th11l and L1 bodies and a traspedicu-
lar system consisting of 8 screws installed in the Th10,
Th11l, L1 and L2 bodies. In fact, we simulated the condi-
tion after surgery for a Th12 burst fracture with wide
laminectomy, facetectomy, and corpectomy. The ap-
pearance of the model is shown in fig. 1.

In the course of the research, we studied the fea-
tures of load distribution in 4 variants of transpedicular
fixation, namely, with the use of short fixation screws
that are standardly immersed in 2/3 of the vertebral
body and long screws that pass through the outer corti-
cal layer of the front surface of the vertebral body — bi-
cortically. The influence of using two crosslinks of the
“rod-to-rod” type was also investigated. Models with
different options for transpedicular fixation are shown
in fig. 2.

Figure 1 — Mathematical
finite-element model of the
thoracolumbar spine of a person.

A 10-node tetrahedron with a quadratic approxima-
tion was chosen as a finite element. In modelling, the
material was considered isotropic and homogeneous.
The mechanical properties of biological tissues (corti-
cal and cancellous bone, intervertebral discs) for math-
ematical modelling were selected according to data
[21-24]. The material of endoprosthesis elements is tita-
nium. The mechanical characteristics of artificial materi-
als were chosen according to the literature [25]. For the
analysis, we used such characteristics as E — modulus of
elasticity (Young’s modulus), v — Poisson's ratio. Data on
the mechanical characteristics of materials are given in
table 1.

The stress-strain state of the models was studied
under the influence of a bending load acting from the
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Figure 2 — Models with different options of transpedicular fixation: a — short screws without crosslinks; b — long screws without crosslinks;
¢ — short screws with crosslinks; d — long screws with crosslinks.
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C

Figure 3 — Schemes: A — load models, B, C — location of control points (description in the text).

back to the front and imitating the forward inclination of
the trunk. The load was applied to the body of the Th9
vertebra and the articular surfaces of its spinous con-
dyles. The load was 350 N, corresponding to the upper
body’s weight [26]. The model had a rigid fixation on the
caudal surface of the L5 disc. The loading scheme of the
models is shown in fig. 3A.

In order to obtain comprehensive information about
the distribution of the load, we studied several control
points of the model, both in bone structures and metal
elements of the stabilizing and body replacement sys-
tems, namely: vertebral bodies Th9 (1), Th10 (2), Th1l
(3), L1 (4), L2 (5), L3 (6), L4 (7) and L5 (8); the lower lock-
ing plate of the body Th11 (9) and the upper locking
plate of the body L1 (10) — contact zones with the body
replacement implant; points of entry of screws into the
legs of the arches of Th10 vertebra (11), Th1l (12), L1
(13) and L2 (14); screws in bodies Th10 (15), Th11 (16),
L1 (17) and L2 (18); crosslinks installed on beams be-
tween screws Th10-Th11 (19) and L1-L2 (20); interbody

support (21). The layout of control points is shown in
fig. 3B, C.

The study of the stress-strain state of the models
was performed using the finite element method. Mises
stress [27] was used as a criterion for assessing the stress
state of the models. Modelling was performed using the
SolidWorks automated design system. Calculations of
the stress-strain state of the models were performed
using the CosmosM software complex [28].

Research results and their discussion.

The first stage of the work was to study the stress-
deformed state of the model of the thoracolumbar
spine after resection of the Th12 vertebra under the in-
fluence of a forward tilt load when using transpedicular
fixation with short screws without crosslinks. The stress
distribution in the model is shown in fig. 4.

The conducted studies showed that when using
short screws without crosslinks when the trunk is tilted
forward, the maximum stresses of 17.2 MPa occur in the
body of the L4 vertebra, as well as in the bodies of the
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Figure 4 — Pattern of stress distribution in the model of the thoracolumbar spine after resection of the Th12 vertebra under the influence of
forward bending load. Transpedicular fixation with short screws without crosslinks: a — front view; b — side view; c — back view; d — screws.
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Figure 5 — Pattern of stress distribution in the model of the thoracolumbar spine after resection of the Th12 vertebra under the influence of
forward bending load. Transpedicular fixation with long screws without crosslinks: a — front view; b — side view; ¢ — back view; d — screws.

adjacent vertebrae L3 — 13.2 MPa and L5 — 14.1 MPa.
Also, a high-stress level is determined in the places of
contact of the vertebrae with the interbody support
with the Th11 vertebra — 8.0 MPa and with the L1 verte-
bra — 9.0 MPa. Around the fixing screws, the maximum
stresses occur in the lower vertebrae, namely in the
vertebrae L1 — 5.4 MPa and L2 — 6.6 MPa. Among the
screws, the screw in the body of the L2 vertebra is the
most stressed — 28.5 MPa, and the lowest stress level is
determined on the screws in the L1 vertebra — 6.2 MPa.
The stresses on the screws in the Th10 and Th1ll ver-
tebrae are determined at almost the same level — 15.5
MPa and 14.6 MPa, respectively. Stresses in interbody
resistance are determined at the level of 46.8 MPa.

In fig. 5 shows the stress-deformed state of the
model of the thoracolumbar spine after resection of the
Th12 vertebra under the influence of a forward tilt load
and transpedicular fixation with long screws without
crosslinks.

Replacing the fixing screws with long ones causes a
slight decrease in the stress level in the vertebral bodies,

except the Th11l vertebra, where the stress increases
to 5.4 MPa. A 2-fold increase in stress level is observed
around all fixing screws. It is a consequence of an in-
crease in the stress level of about 2.0 MPa on the screws
themselves. The maximum stresses are determined in
the interbody resistance at 41.0 MPa, which is lower
than the model with short screws.

The pattern of stress distribution in the model of the
thoracolumbar spine after resection of the Th12 verte-
bra under the influence of a forward tilt load, transpe-
dicular fixation with short screws with crosslinks can be
seen in fig. 6.

The use of crosslinks in combination with short
screws allows for a reduction in the stress level when
the body is tilted forward in all control points of the
model. The stress values on the crosslinks are deter-
mined at 2.4 MPa and 6.3 MPa on the upper and lower
crosslinks, respectively.

As the last stage of the work, we will consider the
effect of crosslinks when using long fixing screws on the
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Figure 6 — Pattern of stress distribution in the model of the thoracolumbar spine after resection of the Th12 vertebra under the influence of
a forward tilt load. Transpedicular fixation with short screws with crosslinks: a — front view; b — side view; ¢ — back view; d — screws.
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Figure 7 — Pattern of stress distribution in the model of the thoracolumbar spine after resection of the Th12-L5 vertebra under the influence
of forward bending load. Transpedicular fixation with long screws with crosslinks: a — front view; b — side view; ¢ — back view; d — screws.

distribution of stresses in the model when the trunk is
tilted forward (fig. 7).

As the studies have shown, the use of long screws in
combination with crosslinks when the body is tilted for-
ward does not lead to significant changes in the stress-
deformed state of the vertebrae, which do not exceed
10% in one direction or another, compared to the model
with short screws, except an increase in the stress level
in the Th11 vertebra, where the stress increases to 5.2
MPa. The stresses around the fixing screws also change
in different directions, increasing around the upper
screws in the Th10 and Th11 vertebrae to 2.7 MPa and

Table 2 - Values of stresses in the models of the
thoracolumbar spine after resection of the Th12 vertebra
with different options of transpedicular fixation under the

influence of forward bending load

2.0 MPa, respectively, and decreasing at the lowest in
the L2 vertebra to 4.8 MPa, in the L1 vertebra the stress
level remains unchanged. It is on the fixing screws that
there is an increase in the stress level, but not higher
than the model with short screws. At the interbody sup-
port, stresses are reduced to the lowest level among all
models — 36.7 MPa. On the crosslinks, changes in the
stress level are insignificant and in different directions
— they increase to 6.5 MPa on the lower crosslink and
decrease to 2.3 MPa on the upper one.

Data on the values of the maximum stresses at all
control points of the models for all variants of transpe-
dicular fixation are given in table 2.

The diagram shown in fig. 8 allows us to visu-
ally compare the values of stresses in the bone
elements of the models with all variants of trans-
pedicular fixation.

il s Stress, MPa As we can see in the diagram, when the trunk
without crosslinks| with crosslinks | is tilted forward, there are no fundamental differ-
Ne area short | long short long | ences between the options for transpedicular fix-
SCrews | screws | screws | screws | ation of the spine. The use of long screws causes
1 body of vertebra Th9 14 14 13 14 | increased stress levels in the body of the T11 ver-
2 body of vertebra Th10 54 4,7 53 4,5 | tebra and around all fixation screws. In other con-
3 body of vertebra Th11 4,1 5,4 3,3 5,2 trol points, there is a decrease in the stress level.
4 body of vertebra L1 6,7 6,4 6,4 6,2 The use of crosslinks allows for the reduction of
5 body of vertebra L2 12,0 11,6 11,2 11,2 | thestresslevel in the bone elements of the model.
6 | 9 |body of vertebra L3 13,2 13,0 11,9 11,6 The diagram shown in fig. 9 will help to get a
7 | 2 [body of vertebra L4 17,2 16,7 16,0 15,3 | visual representation of the stress values in the el-
8 | @ [body of vertebra L5 141 | 14,0 13,0 13,2 | ements of metal structures.
9 | 8 [lower part of Th11 8,0 7,2 78 7,0 The study results showed that when the trunk
10 upper part of L1 9,0 7,7 8,1 77 | istilted forward, critical differences in the stressed-
1 screws’ entry Th10 26 51 2,3 27 deforme(_:l state gf models with diﬁ’eren.t options of
12 screws’ entry Thil 19 2.3 17 2,0 tra'nspedlcular fixation are not c!etermmed. When
13 screws’ entry L1 5,4 102 3,4 3,4 using long screws, the.re is an |ncreas.e.d level of
12 ccrews’ entry L2 6.6 127 59 18 stress on them. Crosslinks have a positive effect,
Y - - - . from the point of view of reducing the stress level
15 | ¢ |screws Th10 15,5 17,7 15,2 17,1 b . , ’
16 | S [screws Thit 146 173 13s 170 oth in the models bqne'elements aqd structural
17 S <crows L1 612 8’0 5'5 7,6 e!ements. These _data indicate that using transpe-
= : ’ : : dicular screws with a standard immersion depth
18 S [oerews L2 28,5 33,0 26,2 290 | 3nd crosslinks is biomechanically appropriate for
19 | = |crosslinks Th10-Th1l 24 23 | forward bending. However, final conclusions re-
20 | i |crosslinks L1-L2 6,3 65| garding the appropriateness of using a particular
21 | E Jinterbody support 46,8 | 410 454 | 367 | modification of transpedicular fixation can only be
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Figure 8 — Diagram of stress values at control points on bone elements of models.
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Figure 9 — Diagram of stress values at control points on elements of metal structures of models.

made when comparing the study results of all standard
loading patterns. In addition, the obtained indicators
should be interpreted from the point of view of their clini-
cal significance, which also requires additional analysis.

Conclusions.

When the body is tilted forward, crosslinks allow
for a reduction of the stress level at all control points of
the models, regardless of the length of the used fixing
screws.

Using long screws causes increased stress levels in
the body of the T11 vertebra, around all fixation screws

and on the screws themselves. In other control points,
there is a decrease in the stress level.

Prospects for further research.

In the future, it is planned to continue the analysis
of the stress-strain state of the models with other load
patterns and, based on a comprehensive assessment
and consideration of clinical significance, determine the
optimal stabilisation method for the simulated surgical
intervention.
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30Ha epydornionepekosozo nepexody € 0O0Hieo 3 «Halimunogiwux» OiNAHOK BUHUKHEHHA MPAasMamuyHUX
3MIH npu 8nausi MexaHiYHO20 HABAHMAXEHHA HA OpP2aHi3M AO0UHU. B cyqacHil KnaiHiYHIG npakmuui
BUKOPUCMOBYEMbCA 3HAYHA KinlbKiCMb pi3HUX 8Udi8 XipypaiyHOi KOpeKUii mpasmamuyHUX YWKOOHXEHb UiEi 30HU,
wo 00380aAt10Mb 3a6e3neyumu adek8amHy 0eKOMIpPECito cmpykmyp xpebemHo20 KaHany, BUKOHAMU KOPEKYito
oci xpebma ma nosHoyiHHy cmabinizayito. Hezsaxcarouu 00CA2HEHHA Cy4YacHOI MeOUYUHU, Yi XipypaidHi 8mpyvyaHHA
XApaKmepusytomscs nesHUM 8i0COMKOM YCKAAOHEHb, WO 3YMOB/eHi nepeHasaHMameHHAM OKpemMux OinfHOK
cucmemu cmabinizayii abo Kicmkosux cmpykmyp ikcosaHux xpebuis. Tomy, 00HUM 3 WAXi8 8UpPiUEHHA
yiei npobnemu € 36inbweHHA HadiliHocmi gikcayii 6e3 36inbweHHA ii npomaxcHocmi 3a paxyHoK 3abe3neyeHHA
pisHOMipHO20 HaBaHMaxeHHA. Memoto yb020 00CNiIOHEeHHA CMas0 8UBHEHHSA HAMPYHeHO-0ephopMo8aHO20 CMAHY
modesi nornepeKkogozo 8i00iny xpebma nicaa pesekyii xpebysa Th12 npu pi3HUX 8apiaHMax MPAHCneoOuKynapHoi
ikcayii npu Haxuni mynyba eneped. 3ada4ya peasnizo8aHa WAAXOM PO3PO6KU CKiHYeHo-enemeHmMHoi mooesni
0inAaHKU epydo-rnonepekosozo 8i00iny xpebma aAOUHU, WO imimysana cmaH nicaa XipypeiyHo2o empy4vyaHHA
3 npusody subyxosozo repesomy Th12 i3 HAABHOK MIiX¥MIiNOBOK OMOPOO MA MPACEeOUKYAAPHOK CUCMEMOIO,
wo cknadanace i3 8 esuHmis, scmaHosneHux 8 mina Th10, Th1l, L1 ma L2. JocnidxweHOo 8naus pizHoi 008X UHU
MPAaHCNeOUKyAAPHUX 28UHMI8 MA HAABHOCMI MOMNEPeYHUX CMAMCOK HA PO3rodin HABAHMAMEHHA. BusHaveHo,
wo npu Haxuni mynyba erieped 8UKOPUCMAHHA MOMNePeYHUX CMAXOK 00380/A€ 3HUSUMU PiBEHb HAMPYHEHHA Y
8CiX KOHMPOsbHUX MOYKax modesneli He3asnexHo 8i0 O0BMUHU BUKOPUCMAHUX (hiKcyoyux 2suHmis. [Mpu ybomy
3acmocy8aHHA 0082ux BIKOPMUKA/BHUX 28UHMIB BUK/AUKAE MiOBUWEHHA PiBHA HanpyxeHs 8 mini xpebuya T11,
HOBKO/0 BCiX (hiKCyroYUX 28UHMIB MQA HA CAMUX 28UHMGAX. BukopucmaHHA mpaHcneduKyaAaApHUX 28UHMIB i3

CMaHOapmMHOK 21UOUHOK 3aHYPEeHHA Ma MornepeyHUX CMAXOK 8U2a40a€ Halibinow biomexaHiYHO OoUinbHUM.
Knrouoeicnoea: ckiH4eHo-esieMeHMHa Mooens, 2pydo-nonepexosuli nepexio, mpaHcneduKynapHa cmabinizayis,

ronepeYyHa CMAMKA, Haxus enepeo.

38’A30K ny6niKauii 3 N1aHOBMMWU HAayKOBO-A0CAIA-
HUMMK poboTamu.

PoboTa € ¢pparmeHTOM HayKOBO-AOCNiIAHOI poboTn
«Jocnigntn mexaHiamu Ta po3pobutn Komnaekc ni-
KyBa/ZIbHUX 3aXOAiB A1 3MeHLWeHHA iHBanigu3auii Ta
NMOKPALLEHHA SAKOCTI KUTTA XBOPUX 3 XpPebeTHO-CNUH-
HOMO3KOBOIO TPaBMOIO», AEPXKaBHWUWA peecTpauiiHui
Homep 0119U000110.

Bcryn.

3rigHO 3 AaHUMMK enigemionoriyHMx [OCNiAXKeEHb,
OpiEHTOBHO 60% BCix TPAaBMATUYHMX YLLKOAKEHDb XpebTa
nocifae 30Hy rpygononepekosoro nepexoay (MMM) [1-
3]. IcTopn4HO, KOHCEepBaTMBHI MeToAM NiKyBaHHA BBa-
KanncA Kpawummn Ana nauieHTis 6e3 BMpaxKeHoro He-
BponoriyHoro aediyunty i rpyboi aedopmadii oci xpebTa
[4, 5]. PO3BUTOK MeANLMHN OCTaHHIX AECATUNITb, LLO BU-
3Haua€ BMNPOBaAMKeHHA Binbll AOCKOHANNX METOAiB Xi-
PYPriYHOI KOPEKL,ii B KNiHIYHY NPAKTMKY, @ TAKOX aKLEHT
Ha AKOCTI XXUTTA NOCTPa*KAANUX, AK Y PaHHbOMY, TaK i
BiAAaneHoMy nepiofax TpaBMM, 3HAYHOK MipOKO BNAN-
HY/W Ha 3arasbHy CTpaTerito NiKyBaHHA TPaBMAaTUYHUX
YLWKOAXKEHb XpebTa B LLJIOMY Ta 30HWU rpyLononepeko-
BOro nepexofy B 30Kpema [6, 7].

CnoHgannoges, 6yayum ogHMM i3 HalNOLWMpPEHILMX
XipypriYyHMX MeTOAiB NiKyBaHHA nepenomis xpebTa, npu
epeKTMBHOMY 3acTOCyBaHHI [fA03Bonse 3abesneunTn
paHHIO BEpTMKaNi3aLilo NOCTParKAanuX, BUKIOYAUM
npwv LbOMY PO3BMTOK MOCTTPABMaTUYHOI KidOTUYHOI ae-

dopmaLii, wo 6e3yMmoBHO BU3HAYAE HE JINLLE MeANYHY,
a " couianbHo-eKOHOMIYHY nepeBsary [8, 9]. CTocoBHO
30HM [T po3pobneHo Kifbka MeToAiB XipypriyHoro
CNoOHAMNOAE3Y, BKOYAOUM NepegHto dikcaLito, 3a4Ht0
¢ikcauilo Ta KombiHOBaHI meToauKW. 3agHi poctynu
XipypriyHoi KOopeKLujii TpaBMaTUYHUX YLWKOAMKEHb 30HU
IMN, po3pobneHi e Ha noyaTky XX cToniTTA, i B AaHWUNA
4Yac MPaAKTUYHO Yy BCiX BMMNAZKax A03BOAANOTb Xipypry
peanisyBaTh NOCTaB/EHI Nepes HUM 3aBAaHHA, a came:
3abe3neunTn afeKBaTHY LEKOMMPECito CTPYKTYp Xpe-
6EeTHOro KaHany Ta BUKOPMUCTOBYHOUM Ti UM iHLLI cucTeMM
¢diKcaLii BUKOHATU AK afleKBATHY KOpeKLito oci xpebTa,
i NOBHOLiHHY cTabinisauito [10]. MNepegHi Ta nepegHboO-
6i4Hi JOCTYNW NPU TPAaBMATUYHOMY MOLIKOAMKEHH| 30HM
MM ctann 3actocoByBaTUCA HabaraTo nisHiwe. /lnwe
1968 poky R.P. Kelly Ta T.E. Whitesides Jr. Bnepwe 3a-
NPONOHYBAa/IM BUKOPUCTAHHA NepeaHbo-6iYHOro focTy-
ny no A.R. Hodgson 1a F.E. Stock, aAKuni1 paHiwwe KnacMyHo
3aCTOCOBYBABCA Y XipypriYHOMY NiKyBaHHI Ty6epKy1b03-
Horo cnoHaunity [11]. ®aKTMYHO, OCHOBHOW nepeay-
MOBOIO BMKOPWUCTaHHA bifbll CKNAAHOrO Ta TpaBMa-
TUYHOrO AOCTYNy CTasia HeAOCKOHANICTb iCHYHOUYMX Ha
TOM Yac cuctem 3aAHboi iKcaLil, AKi He [03BONAIOTb
3abe3neunTn agekBaTHy cTabinisauito nicia BUKOHaAHHA
NPOTAXHOI NAMIHEKTOMII. B AaHWIA Yac BMKOPUCTAHHA
TpaHCNeaMKyNApPHUX GIKCaToOpPiB MPAKTUYHO MOBHICTIO
BMPIWNAO 3a3HayeHy npobnemy, a aKTMBHE BMPOBa-
OXEHHA B KAIHIYHY NPAKTUKY TeNnecKoniyHux Tinosa-
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MiHHMX IMNNAHTIB, WO A03BOMAKTb BiIAHOBUTM OMO-
pHY QYHKLiIO pe3eKToBaHOro Tifla i3 3a4HbOro AOCTyny
NPaKTUYHO MOBHICTIO BUKAKOUYMUIO HEObXiaHICTb KOMGI-
HOBaHMX NepefHbo-3afHIX XipypriyHMx BTpydYaHb. Pak-
TUYHO BEHTPa/sibHa Ta BEHTpONaTepasbHa KOPNeKTomis
3 noganbluoto ctabinizauyieto B 30Hi MM obrpyHTOBaHa
Jivle CTOCOBHO OHKOMOTYHOMO ypaeHHA. MpoTe nu-
TaHHA NPO NepeBarn Ta HeZONIKM TUX YN iHLLINX METOAIB
Ta Npy TPaBMaTUYHOMY MowKoaKeHHi MMM 3aanwaersb-
¢ anckyTabenbHum [12, 13].

O6cAar xipypriyHOro BTPYYaHHA NPU TPaBMaTUUYHUX
YWKOAMKEHHAX 30HWM [T BM3HA4Ya€eTbCcA 3 nNpuHUMNY
peanisauii MakcMmanbHoOi ePeKTUBHOCTI NPU MiHiManb-
Hi TpaBMaTUYHOCTI. BignoBsigHO, 3aneXHO BiA cTyneHs
YPaXKeHHA OMOPHMX KOMMJIEKCiB XpebeTHO-pyxoBOro
CEermMeHTy, HafABHOCTI Komnpecii CTpyKTyp XxpebeTHoro
KaHany Ta gedopmalii oci, MOXKYTb BUKOPUCTOBYBATU-
CA AK MNOBHICTIO MaNoiHBa3MBHI cTabini3ytoui BTpPyYaHHs,
WO [03BONAITL Y pALi BUNAAKIB Kpim edeKTUBHOro
CNOHNIAO0AE3Y BUKOHATU i HEMPAMY AEKOMMNPECito, TaK
i 6inbw WKMpPOKI BiaKpuTi. BUbyxosi nepenomu MM cra-
HOBAATb 32 AAaHUMM Pi3HUX gocnigxeHsb Big 10-30% Bcix
TpaBMaTUYHMX YWKoAKeHb obnacti TN . XapaKTtep Ta-
KOro MOLKOAMKEHHSA B BinblIOCTi BUNaaKiB nepenbdbayae
nosHy abo YacTKOBY pe3ekLito Tifa xpebus, Wwo BTpaTms
CBOO OMOPHY QYHKLIlO, i3 3aMillleHHAM Moro imnnaH-
TOM, 2 TaKOX 3agHI0 ¢iKcaLito, Wo BM3HAYAE 3arasibHy
cTabinbHicTb [14]. Ha aymKy 6GinbwocTi AocnigHuKiB,
BWMKOPUCTAHHA BOCbMUIBMHTOBOI TpaHCNeauKynApHOi
cucTeMu Npw pesekLii ogHoro Tifa B obnacti MMM € go-
CTaTHIM ANnA 3abe3neyeHHA HAAIHOrO NepBUHHO-CTa-
6inbHOro cnoHawunogesy. lNpoTe HaBiTb Taka AOCUTb
£oBra dikcauia He 3aBXAW BUABNAETLCA ePEKTUBHOLO,
O NPOABNAETbCA MEBHMM BiACOTKOM dparmeHTaL,in
Ta AWUCNOKALiA MeTanoKOoHCTPpyKuin [15, 16]. Cnpobu
36iNblUueHHA HagilHoCcTi ¢ikcauii 6e3 36inbweHHs i
NPOTAXKHOCTI pPeani3ytoTbCA WAAXOM BUKOPUCTAHHA NO-
NepeyHmX CroYYHUX CTAXKOK i AOBLIMX TPaHCMeauKy-
NAPHUX FBUHTIB 3 METOHO iX BUKOPTUKANBHOIO BBEAEHHA
[17-19]. OpgHak nopaibHi nigxoaun rpyHTYOTLCA CKopille
Ha eMNIPUYHUX JAHUX | TPAKTUYHO HE MAOTb HAJIEXKHO-
ro 6iomexaHi4HOro o6rpyHTyBaHHA.

PucyHok 1 — MarematuyHa
CKiHYEHO-eNleMeHTHa Mogenb
rpyAo-nonepexkoBoro Bigainy

xpebTa noguHU

OuyeBMAHO, WO PIBHOMIPHICTb po3noainy HaBaHTa-
eHHs y dikcoBaHOMY Biaaini xpebta, wo GaKkTUYHO i
BM3HAYAE HAAiMHICTb ¢ikcauii, 3HaYHO Mmipoto 3ane-
KUTb Bif, NaTepHy HaBaHTAXKEHHA. 3BaKatoun Ha Te, WO
OCHOBHa Mmaca Tina 3aBXK/AWM po3TalloBaHa gonepeay Big,
XpebTa, LiIKOM 3aKOHOMIPHO, LLLO Ha BeCb rpyao-none-
peKkoBui BioAiN y HEeNTPasbHOMY BEPTUKA/IbHOMY MO-
JIOXKEHHI A€ pNeKCiiMHe HaBaHTaXKeHHA. AMNAiTy4a 3ru-
HaNbHOTO MOMEHTY TUM binblue, Yyum Binbll BUPAKeHi
di3ioNoriyHi BUrMHU, MakcumasbHe ii 3HAYeHHA pee-
CTPYETbCA Ha BEPLUMHI rpyaHOro Kidosy, a miHimanbHe,
XK [0 HEraTMBHMX 3HA4YeHb — MOMEePEKOBOro JIopAo3a.
O6nactb MM € eanHoO 30HOK XpebTa, Ae iHTeHCUB-
HiCTb MOMEHTY, L0 3TMHAE, NPAaKTUYHO He 3aNeXKUTb Bif,
rMMbuHN BUrMHIB xpebTta [20]. BianosigHo, npu ouiHL
XapaKTepy pO3noAiNy HaBaHTaXeHb Ha Pi3Hi CTPYKTy-
pu dikcoBaHoro xpebTta, AK KiCTKOBI Tak i meTanesi, 3
METOI BM3HAYEHHA HALIMHOCTI aHaNi30BaHUX METOLIB
cTabinisauii, B AKOCTi 04HOrO i3 OCHOBHMX NaTepHIB Ha-
BaHTAXEHHA, CNif, po3rnagati dGaekKcito.

Merta gocnigKeHHs.

BW3HauUNTK Hanpy»KeHo-AedOpPMOBaHUI CTaH Moze-
Nli nonepekoBoro BigAiny xpebTa nicna pesekuii xpebusa
Th12 npu pisHWxX BapiaHTax TpaHCNeAUKYNApHOI dikca-
uii npn Haxuni Tyny6a Bnepea,.
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PuUcyHoK 2 — Mogeni 3 pisHMMuM BapiaHTamm TpaHcneauKynapHoi ¢ikcauii: a — KOPOTKi rBUHTU 6e3 NonepeyYHUX CTAXKOK; 6 — AOBri rBUHTH 6e3
NOMNepeYHUX CTAXKOK; B — KOPOTKi FBUHTU 3 NONEPEYHMMU CTAXKKAMMU; I — AOBTi TBUHTU 3 NONEPEYHUMU CTAXKKAMMU.
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PucyHoK 3 — Cxemu: A — HaBaHTaXeHHA mogeneii, b, B — po3TallyBaHHA KOHTPOAbHUX TOUOK (OnuC B TEKCTi).

Tabnuua 1 — MexaHiuHi XapaKTepucTuKn
maTtepianiB, W0 BUKOPUCTOBYBANN Yy Npoueci

MOAEeNoBaHHI
Martepian Mogaynb tOHra (E), MMa #3:&%‘;2”;
KopTuKkanbHa KicTka 10000 0,3
lybuacTa KicTka 450 0,2
CyrnoboBuii xpsay, 10,5 0,49
Mixxpebuesi 4UCKK 4,2 0,45
TutaH BT-16 110000 0,3

O6’eKT i meTOAM AOCNIAXKEHHA.

B nabopatopii 6iomexaHiku Y «lHCTUTYT natonorii
xpebTa Ta cyrnobis im. npod. M.l.CuteHka HAMH Ykpa-
iHM» Byna po3pobneHa maTemaTU4HA CKiHYeHo-ene-
MEHTHa MoZeNb LiNIAHKK rpyao-NnonepeKkoBoro Biaainy
xpebTa noamHU, Aka mictuna xpebui Th9- Thll ta L1-
L5. Mpu upomy xpebeub Th1l2 6yB nosHicTio BMAane-
HUIN. Mogfenb TaKOX BK/HOYaNa eleMeHTU MEeTasIOKOH-

CTPYKLiA — MidKTiNOBY onopy mix Tinamm Thll ta L1 Ta
TpacneauKynapHy CUCTEMY, LLLO CK1aAanach i3 8 rBUHTIB,
BCTaHoB/eHMX B Tina Th10, Thll, L1 ta L2. ®aKTKuHo,
Hamu B6y/10 iMITOBAHO CTaH Mic/aA XipypriYyHOro BTpy4aH-
HA 3 NpuBoAy BMOyxoBoro nepenomy Thl2 i3 wmnpokroro
NlaMiHeKToMielo, GaceTeKTOMIED Ta KOpneKkTomieto. 30-
BHILLHil BUrNAL MOAENi HaBeAeHO Ha puc. 1.

B npoueci gocniaskeHHa mMu BMBYaAM 0cobiMBOCTI
pO3MoAiny HaBaHTaXKeHHA Npu 4 BapiaHTax TpaHcnean-
KYNAPHOI dikcaLii, a came 3 BUKOPUCTAHHAM KOPOTKUX
biKCyloUMX BUHTIB, WO CTaHAAPTHO 3aHypeHi Ha 2/3
Tina xpebusa Ta AOBIUX rBUHTIB, AKi NPOX0AATbL Yepes 30-
BHILUHI KOPTUKaNbHWUIA LWap nepegHboi NOBEepXHi Tina
Xpebua — 6ikopTMKanbHO. TaKOXK A0CAiAKYBaBCA BNANB
3aCTOCYBaHHA ABOX NONEPEYHUX CTAMXKOK 3a TMNom “rod-
to-rod”. Mogeni 3 pi3HMMM BapiaHTaMK TpaHCNeaWKy-
napHoi ¢ikcaLii HaBeaeHi Ha puc. 2.

B sAKoCTi ckiHYeHoro enemeHTy 6yB 0bpaHumit 10 By3-
NIOBUIA TETPaeap 3 KBAAPATMUHOM anpoKcumalLieto. Mpu
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PucyHoK 4 — KapTuHa po3nogainy HanpyKeHb B moAeni rpyao-nonepekoBoro Biaainy xpebta nicns pesekuii xpebua Th12 nig snausom
HaBaHTaXKeHHA Haxun Bnepes. TpaHcneAnKynAapHa dikcauia KOPOTKMMU rBUHTamMM 6e3 nonepeyHnX CTAXKOK: a — BUA cnepeay; 6 — sug

360Ky;

B —BMUA 33a4y; I — FBUHTU.
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PucyHoK 5 — KapTuHa po3noginy Hanpy»eHb B MoAeni rpyAo-nonepeKkosoro Bigainy xpebra nicna pesekuii xpebua Th12 nig snavsom
HaBaHTaXKeHHA Haxua Bnepea. TpaHcneauKynapHa dikcalia 4OBrMMM rBMHTaMM 6€3 nonepeyHUX CTAXKOK: a — BUA cnepeay; 6 — Bug, 360ky;
B — BUJ, 33a4Y; I — FBUHTHU.

MOZeItOBaHHI MaTepian po3rnaganu Ak i30TPonHUM Ta
opHOpiAHMIA. MexaHiyHi BnacTMBOCTI BionoriyHmx TKa-
HUH (KOpTMKanbHa Ta rybyacta KicTKa, Mixxpeobuesi
ONCKM) oA MAaTeMaTMYHOTO MOAENtoBaHHA 0b6paHo 3a
AaHumu [21-24]. MaTepian enemeHTiB eHA0NpPoTE3y —
TUTaH. MexaHi4YHi XapaKTepPUCTUKKU LWITYYHUX MmaTepia-
niB 0bmpanu 3a gaHumu nitepatypu [25]. Ana aHanisy
BMKOPWUCTOBYBA/IM TaKi XapaKTepUCTUKK, AK E — moaynb
npy»Hocti (moaynb HHra), v—KkoedoiujieHT lMyaccoHa.
[aHi Npo mexaHi4YHi XapaKTepUCTUKN MmaTepianis HaBe-
AeHi B Tabn. 1.

Hanpy»xeHo-gepopmoBaHUn cTaH mogenein [ocni-
OKyBanW nif, BNAVMBOM 3rMHAKOYOr0 HAaBAHTAMKEHHSA, LLLO
Aie 33a4y Bnepea, Ta iMiTye Haxun Tynyby enepea. Ha-
BaHTaAXEHHA NpuKAaganu go Tina Th9 xpebus Ta cyrno-
60BMX MOBEPXOHb MOro OCTUCTUX BMPOCTKiB. BenmunHa
HaBaHTaXXeHHA cKnagana 350 H, wo signosigae Basi
BEPXHiN YacTMHU Tina [26]. Mo KayaanbHii nNoBepxHi
OMCKa L5 mozenb mana *KopcTke 3aKkpinneHHa. Cxema
HaBaHTAXXEHHA MoZenel HaBeAeHa Ha puc. 3A.

3 MeTol OTPUMaHHA BMYEpnHOi iHpopmauii npo
PO3MO0AiN HaBaHTAXKEHHA HaMK AOCNiAXKYBaNacb HU3Ka
KOHTPOJIbHUX TOYOK MOZENI, fIK B KICTKOBUX CTPYKTypax,
TaK i meTaneBuUx enemeHTax ctabinisytoyoi Ta Tinosa-
MiHHOI cucTem, a came: Tina xpebuis Th9 (1), Th10 (2),
Th11 (3), L1 (4), L2 (5), L3 (6), L4 (7) Ta L5 (8); HUxKHA
3amMMKanbHa nnactvHa Tina Thll (9) Ta BepxHA 3amu-
KasibHa naactuHa Tina L1 (10) — 30HM KOHTAKTY i3 Tino-
3aMiHHUM iIMNIAHTOM; TOUYKM BXOAY FBUHTIB B HiXKKWN Ayr
Th10 xpebusa (11), Th11 (12), L1 (13) Ta L2 (14); rBuHTH
B Tinax Th10 (15), Th11 (16), L1 (17) Ta L2 (18); nonepe-
YHi CTAXKKM, LLLO BCTAHOB/IEHO HA BafKM MiXK rBUHTAMM
Th10-Th1l (19) Ta L1-L2 (20); mixTinoBa onopa (21).
Cxema po3TallyBaHHA KOHTPOJIbHUX TOYOK HaBeAeHa Ha
puc. 36, B.

JocnifeHHA HanpyxeHo-4epopMOBaHOro CTaHy
MOAEeNeNn BUKOHYBAaNM 3 BUKOPUCTAHHAM MeToay
CKiHYEeHMX enemeHTiB. B AKOCTi KpMTepito OLiHKK Hanpy-
YKEHOro CTaHy MogeNen BUKOPUCTOBYBA/IM HaMpPYKEHHA
3a Misecom [27]. MopaentoBaHHA BMKOHYBanW 3a A0-
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PucyHoK 6 — KapTuHa po3noginy HanpyKeHb B moAeni rpyao-nonepeKkoBoro Biaainy xpe6ta nicna pesekuii xpebua Th12 nig snasom
HaBaHTaXKeHHA Haxun Bnepea. TpaHcneAnKynApHa dikcauia KOPOTKMMU rBUHTAMM 3 NONEPEUYHUMU CTAXKKAMK: a — BUA cnepeay; 6 — Bupg,
360Ky; B — BUA, 33a4y; I — TBUHTU.
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PucyHoK 7 — KapTuHa po3noginy Hanpy>KeHb B mogeni rpyao-nonepeKkoBoro Biaainy xpebrta nicna pesekuii xpebua Th12-L5 nig snamsom
HaBaHTaXXeHHA Haxun Bnepea. TpaHcneAuKynsapHa ¢ikcauia 4OBrMMM FBUHTaMM 3 NONEPEYHUMU CTAXKKaMU: a — BUA cnepeay; 6 — Bug
360Ky; B — BUA, 33a4y; I — FBUHTU.

NMOMOTOK0 CUCTEMM aBTOMATM30BAHOrO MPOEKTYBaHHSA
SolidWorks. Po3paxyHKM HanpyxeHo-aebopMoBaHOro
CTaHy moZeniell BUKOHYBa/M 33 AOMNOMOro0 Nporpam-
Horo Komnnekcy CosmosM [28].

Pe3ynbTatv gocnigiKeHHA Ta ix 06roBopeHHs.

Mepwum etanom poboTM BUBYAAM HAMpPYKeHO-Ae-
bopMOBaHUI cTaH MoAeni rpypo-nornepekoBoro Big-
ainy xpebta nicna pesekuii xpebus Th1l2 nig snavsom
HaBaHTaXKEHHA HaxWN Bnepes Npu 3acTOCyBaHHi TpaH-
cneamnkynsapHoi dikcauii KOPOTKMMK rBUHTamMK 6e3 no-

Tabnuua 2 — BeanunHu Hanpy»KeHb B MOAENAX rpyao-
nonepeKoBoro BiaAiny xpebrta nicna pesekuii xpebua Th12
npwu pisHMUX BapiaHTax TpaHcneauKynapHoi ¢pikcauii nig

BN/IMBOM HaBaHTa*XeHHA HaXwusa snepea

nepeyHnx CTAXKOK. Po3nogin HanpyeHb B Mmoaeni Ha-
BeEeHO Ha puc. 4.

MpoBeageHi AOCNIAXEHHA MOKas3anu, WO npu Bu-
KOPWCTaHHI KOPOTKUX MBUHTIB 6€3 monepeyHmx CTAXKOK
npv Haxuay Tynyby Bnepes MakCMMasbHi HanpyXXeHHsA
17,2 MMa BUHMKAIOTL B TiNi xpebusa L4, a TakoxK B Tinax
CYMiXKHMX xpebus L3 — 13,2 MMa T1a L5 — 14,1 MnNa.
TaKoX BUCOKMIA piBEHb HAaNPY»KeHb BU3HAYAETLCA B MiC-
LAX KOHTAKTY XpebLiB 3 MiXKTi/JIOBOI 0NOpPOto 3 Xpebuem
Th11l — 8,0 MMa Ta 3 xpebuem L1 — 9,0 MMa. HaBkono
biKCyoUNX TBUHTIB MaKCMMasbHi HAaMpPyXXeHHA BUHWUKa-
IOTb Ha HWMXKHIiX Xxpebusax, a came B xpebusax L1 —
5,4 Mla T1a L2 — 6,6 MIla. Cepen, cammnx rBuHTIB
HaMbinbLW HaNpy*KeHUM € FBUHT B TiNi xpebua L2
— 28,5 MMMa, HaliMeHWi piBeHb HanpyXeHb BU-
3HAYaETbCA Ha rBuMHTax B xpebui L1 — 6,2 MMa.

KOHTPO/IbHI TOUKM = CT::';?(V”‘G”“’; I:Z/'II':?KKaMM HanpyseHHA Ha rBuHTax B XxpebLax Th1'0 Ta Th1l
- - - — BM3HAYAIOTHCA NPAKTUYHO HA OAHOMY piBHi— 15,5
No 30Ha ';‘;E:;': rgﬁg:'w ':‘;33:': rQS::M MnMa i 14,6 MMa, BignoBigHo. Hanpy»eHHA B Mix-
- TiNOBIM onopi BU3Ha4atoTbCA Ha piBHI 46,8 MIMa.
L T!no xpeoua Th9 14 L4 13 14 Ha puc. 5 HaBegeHo HanpyskeHo-gedopmo-
2 T!no xpebus Thi0 24 4,7 23 4,5 BaHWI CTaH MoZeni rpyao-nonepeKkoBoro Biaaginy
3 1o xpebua Thil 41 >4 3.3 2,2 xpebTa nicns pesekuii xpebua Thl2 nig snansom
: © :22 iggg:: t; 162’70 1612 161’42 161’22 HaBa.HTa)K.eHHFI Haxun Bnepea, TpaHcNeAnKynap-
. % 170 xpabuA L3 13'2 13’0 11’9 11'6 Ha diKcalia AOBrMMM rBMHTamMmM 6e3 nonepeyHmx
g . . . : CTAMOK.
/ 5 T!HO Xpebus L4 17,2 16,7 16,0 153 3amiHa diKCyroUMX TBUHTIB HA AOBIi BUK/IWKAE
8 § Tino Xpebua LS 14,1 14,0 13,0 13.2_| jesHauHe 3HMMKeHHS PiBHA HaMpy)eHb B TiNax
e G Hu3 Thil 8,0 72 78 AY Xpebuis 3a BMHATKOM xpebus Thll, ae Hanpy-
10 | = |sepx Ll 3,0 77 8,1 77| seHHs 3pocTaioTh 4o 5,4 MIMa. 3pocTaHHs pisHs
11 Bxia runTis Th10 2,6 3,1 2,3 27 | HanpyseHb B 2 pasn CMOCTEPIraeTbCsi HAaBKONO
12 Bxia raunTis Thil 1,9 2,3 1,7 20| gcix dikcytounx reuuTie. Lie € Hacniakom 36inb-
13 BXiA renHTie L1 >4 10,2 34 34 | weHHs piBHA HanpysKeHb npuban3aHO Ha 2,0 Mla
14 | _ |BxiArsuHTis L2 6,6 12,7 2,9 48 | Ha cammux rBuHTax. MaKcUmanbHi HanpysKeHHs
15 | 'J |reunTn Th10 155 | 177 15,2 171 | BusHauatoTbCA B MiKTINOBIM onopi Ha pisHi 41,0
16 | g |reunTnThil 146 | 173 13,5 170 | MMa, ane ue HWX4Ye 33 MOAENb 3 KOPOTKUMM
17 | @ [reuHTM L1 6,2 8,0 5,5 7,6 [BUHTaMMN.
18 | 2 |rennTn L2 28,5 | 33,0 262 | 290 KapTuHy po3noginy HanpyxeHb B Moaeni rpy-
19 § cTAaxKN Th10-Th1l 2,4 2,3 | po-nmonepekoBoro BiaAiny xpebTa nicas pesekuii
20 | £ |craxkmL1-12 6,3 6,5 | xpebus Th12 nig BNAVBOM HaBaHTAKEHHA HaXWA
21 | = | mixTinosa onopa 46,8 | 41,0 454 | 36,7 | gnepes, TpaHCMeamKynapHa dikcalia KOPOTKUMM
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PucyHokK 8 — [liarpama BenuuuH HanpyKeHb B KOHTPO/IbHUX TOUKAX Ha KiCTKOBUX eNeMeHTax Moaenei.

rBUHTAMM 3 MOMEPEYHUMM CTAXKKAMM MOXKHA crnocTepi-
raTm Ha puc. 6.

BuKOpMCTaHHA nonepeyYyHux CTAXKOK B KOMbBiHaLii 3
KOPOTKMMM FBUHTAMU J03BONAE 3HU3UTU PiBEHb HaNpy-
YKeHb NPU Haxuny Tynyby Bnepes, BO BCiX KOHTPOSbHUX
TOYKax mogeni. BeanumHu Hanpy»KeHb came Ha CTAMKKax
BM3HAYatoTbCA Ha piBHi 2,4 MMMa Ta 6,3 MIa Ha BepxHiit
Ta HUXKHINM CTAMKKAX, BiANoBiAHO.

OcTaHHiImM eTanom poboTK po3rnAHeMo BNIMB none-
PEYHUX CTAMKOK NPU BUKOPUCTAHHAM A0BIMX PiKCytoumx
FBMHTIB Ha PO3MNOAiN HanpyeHb B MoAeni Npu Haxuay
Tynyby Bnepeg (puc. 7).

AK nokasann nposeaeHi AOCNIAMKEHHA, BUKOPUC-
TaHHA A0BrMX FBUHTIB B KOMBiHaUii 3 nonepeyHnmmn
CTAMKaMW NpKU Haxuny Tynyba Bnepes He NPU3BOAUTL
00 3HAYHUX 3MiH B HanNpy*KeHo-AedOpPMOBaAHOMY CTaHi
xpebuis, sKi He nepesulLytoTb 10% B Ton abo iHWKNA
6iK, B NOPiIBHAHHI 3 MOAEN/IO 3 KOPOTKMMU BUHTAMU,
33 BMHATKOM MiABULLEHHA PIBHA HanpyXeHb B xpebui
Th1ll, oe HanpyXeHHA 3pocTatoTb Ao 5,2 MMa. Hanpy-
YKEHHA HAaBKOO QIKCYHOUMX FBUHTIB TAKOX 3MiHIOOTbCA
Pi3HOCNPAMOBAHO, 3pOCTAlOTb HABKOJIO BEPXHIiX IBUHTIB

B xpebusx Th10 ta Thll go 2,7 MNa Ta 2,0 MMa, Bia-
NOBIAHO, | 3HMXKYIOTbCA Ha CAMOMY HUXKHbOMY B XpebLi
L2 — go 4,8 MMa, B xpebui L1 piBeHb HanNpy»KeHb 3a/1u1-
waetbca 6e3 3miH. Came Ha iKCyUMX FBUHTAX CnocTe-
PiraeTbcA 3pOCTaHHA PiBHA HAMPYXKeHb, ane He BULLe 33
MOAENb 3 KOPOTKMMM MBUHTAMM. Ha MixkTinoBii onopi
HaMpPY>KeHHA 3HMKYIOTbCA [0 CaMOro HUMKYOro PiBHA
cepes Bcix mogeneit — 36,7 MMa. Ha nonepeyHunx cTax-
KaX 3MiHW PiBHA HaNpy»XeHb He3Ha4YHi Ta pi3HOCNPAMO-
BaHi —3pocTatoTb 40 6,5 MINa Ha HUXKHI CTAXKL, TA 3HU-
XytoTbea o 2,3 MMa Ha BepxHii.

[aHi Npo BEIMYMHM MAKCMMANIbHUX HaMpy»KeHb BO
BCiX KOHTPONIbHMX TOYKaX MoAesieit Npu BCiX BapiaHTax
TpaHcneauKynAapHoi dikcalii HaBeaeHi B Taba. 2.

[iarpama, AKa HaBegeHa Ha puc. 8, A03BOMAE Ha-
OYHe MOPIBHATU BE/IMYMHW HAMNPYKEHb B KiICTKOBUX ene-
MeHTax Mogenew npu BCix BapiaHTax TpaHCNeanKynap-
HoT ¢iKcaLil.

AK baunmo Ha giarpami, npu Haxuay Tynyby Bnepen,
NPUHLMMNOBUX BiAMIHHOCTEN MiXK BapiaHTamm TpaHcne-
AOikynApHOI ¢ikcauii xpebTa He cnocTepiratoTbes. Buko-
PUCTAHHA AOBIUX NBUHTIB BUKJAMKAE MiABULLEHHA PiBHA

50
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= NN W W
o ummowmnm o umo
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il il s III
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KoHTpOAbHI TOUKM

B KOpPOTKI rBMHTK 6e3 cTAMOK M f0Bri reMHTH Ges cTAMOK

DOBr TBUHTK 31 CTAMKaMM

PuUcyHOK 9 — [liarpama Be/IMYUH HaMPY}KeHb B KOHTPO/IbHUX TOYKaX Ha e/leMEeHTaX MeTaneBUX KOHCTPYKLi moaeneil.
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HanpyKeHb B TiNi xpebusa T11l Ta HaBKo/IO BCiX ¢iKcy-
FOUMX FBUHTIB. B iHWWMX KOHTPOJIbHMX TOYKaxX CrnocTepi-
ra€TbCA 3HUMKEHHA PIiBHA HANpy)KeHb. BMKOpUCTAHHA
NnonepeyvyHmx CTAXKOK A03BO/AE 3HU3UTK PiBEHb Hanpy-
YKEeHb B KiCTKOBMX e/leMeHTax moaeni.

OTpMMaTh HaoYHe yABAEHHA NPO BENUYMHUN Hanpy-
YEHb B eN1eMeHTax MeTaNeBUX KOHCTPYKLN JOMOMOMKe
Aiarpama, AKa HaseaeHa Ha puc. 9.

Pe3synbTaTv NpoBeAeHOro AOCNIAXKEHHA NMOKasanu,
WO MNPV Haxuni Tynyby Bnepes KPUTUUYHUX BigMiHHOC-
TEN B HanpyxeHo-aebopmMoBaHOMY CTaHi moaenen 3
pi3HMMM BapiaHTaMM TpaHcrneauKynapHoi dikcauii He
BM3Ha4a€eTbCA. [1pyM BUKOPUCTAHHI AOBIMX MBUHTIB CMoO-
CTepiraeTbcsA MigBULLEHUI piBEHb HANPYXeHb came Ha
HuX. MNonepeyHi CTAXKKM OKa3ytoTb MO3UTUBHUIA BMNAUB,
3 TOYKM 30pY 3HUMKEHHSA PIBHA HAMNPYXKEHb, AK B KiCTKO-
BUX e/1leMeHTaX MOAeNeNn, Tak i B eNemMeHTax KOHCTPYK-
uii. HaBeaeHi AaHHI CBiAYaTb NPO Te, WO BUKOPUCTAHHA
TpaHCNeAMKYNAPHUX FTBUHTIB i3 CTaHAAPTHOLO MMBUHOO
3aHYPEHHA Ta NOMEPEYHUX CTAXKOK € HaMbinblw Hiome-
XaHIYHO AOLiNbHMM NPU HaxuAi BNepes, NpoTe OCTaTou-
Hi BUCHOBKW LWOA0 AOLIIbHOCTI BUKOPUCTAHHA NEBHOI
moamdikaLii TpaHcnegMKynapHoi dikcalii MoXKHa 3po-

6UTK NvWwe Npu NOPIBHAHHI Pe3ynbTaTiB A0C/IAMKEHHI
BCiX CTaHAAPTHUX NATTEPHIB HaBaHTaXkeHHi. Kpim TOro,
OTPVMMaHI NOKA3HMKM CAif, iIHTepnpeTyBaTh 3 TOYKKU 30py
X KNiHIYHOI 3HAYYLOCTi, WO TaKoXK noTpebye AoaaTko-
BOrO aHanisy.

BucHoBKM.

Mpwu Haxuni Tynyba Bnepes BUKOPUCTAHHA nonepe-
YHUX CTAXKOK [A03BONAE 3HU3UTU PiBEHb HAMPYXKEHHA Y
BCiX KOHTPOZIbHUX TOYKAX MOZAE/Iel He3aleXHo Bif, [o-
BXXMHW BUKOPUCTAHUX DIKCYHOUMX TBUHTIB.

BMKOPUCTAaHHA [0BrMX TFBUHTIB BWK/IMKAE MNigBu-
LLEeHHA PiBHA HanNpyKeHb B Tifi xpebua T11l, HaBKoO
BCiX QIKCYOYMX FBMHTIB Ta Ha CaMMX MBUHTaX. B iHWMKX
KOHTPO/IbHUX TOYKAX CMOCTEPIra€TbCA 3HUMKEHHA PiBHA
Hanpy»eHb.

MNepcnekTMBM NOAANBLUNX [OCNIAMKEHD.

Y nepcneKkTUBi NAAHYETbCA NPOAOBXKUTM aHaNi3 Ha-
npy*eHo-4ebopPMOBaHOro CTaHy moaesnel npu iHWmx
naTtepHax HaBaHTA)XEHHA Ta Ha NiAcCTaBi KOMMNAEKCHOT
OLHKM Ta ypaxyBaHHA KAIHIYHOI 3HAYYLLOCTi BU3HaYu-
T ONTUMaNbHUA MeTog cTabinisauii gns xipypriyHoro
BTPYYaAHHSA, WO MOLENIOETLCA.
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CKIHYEHO-ENEMEHTHUM AHAI3 BAPIAHTIB TPAHCNEOMKYNAPHOI ®IKCALIT AINAHKU rPYAO0-MNOMEPEKO-
BOrO MEPEXOAY NICNA PE3EKLIT XPEBLIA TH12 NP HAXUAI BMEPEQ,

Hexnonouwux O. C., Bep6os B. B., Yewyk €. B., KapniHcbkuint M. 10., Apecbko O. B.

Pestome. [insHKa rpyao-nonepekoBoro nepexoady xpebrta 3aBAakun cBOiM biomexaHiuHMM BAACTUBOCTAM € Hal-
BiNbLU CXMIbHOK A0 TPABMATUYHUX YIWKOAKEHb. OCTaHHI AeKiNbKa AeCATUPIUb XapaKTepu3yTbCs aKTUBHUM BNPO-
BaAKEHHAM B KNiHIYHY NPAKTUKY Pi3HOMAHITHUX BapiaHTiB cnoHAinogesy. MpoTe HaBiTb Cy4acHi MeToaun BTPyYaHb
XapaKTePM3YOTbCA NEBHMUM BiACOTKOM dparmeHTaui Ta AMCAOKaLIN MeTaNIOKOHCTPYKLIN. Mema. BU3HaunTK Ha-
npy»eHo-gepopmoBaHUii CTaH MoAeni NonepeKoBoro Bigainy xpebTa nicaa pesekuii xpebusa Th12 npu pisHUX Bapi-
aHTax TpaHcneAMKynApHoi dikcauii npu Haxuni Tynyba Bnepea. O6’ekm i Mmemoodu docnidxceHHA. Hamu po3pobneHa
MaTeMaTUYHa CKiHYEeHO-eleMeHTHA MOZeNb AiNAHKM TPyao-NonepeKkoBoro BiaAiny xpebta N0AUHK, AKa micTuAa
xpebui Th9- Thll Ta L1- L5. Mpu ubomy xpebeup Th12 6yB noBHiCTIO BUAANeHUH. Moaenb TakoxK BK/OYana efleMeH-
TU META/IOKOHCTPYKLIN — MidKTiNOBY onopy Mix Tinamu Thll ta L1 Ta TpacneauKynsapHy cuctemy, WO CKAaganacb
i3 8 rBUHTIB, BCTaHOBNEHUX B Tina Th10, Thll, L1 Ta L2. MogentoBanu 4 BapiaHTV TpaHCneaAnKyasapHoi dikcalii 3
BMKOPUCTAHHAM KOPOTKMX Ta AOBIMX FBUHTIB, @ TAKOX 3 BUKOPUCTAHHAM [,BOX NONEPEYHUX CTAXKOK Ta 6e3 Hux. Ha-
npy*eHo-gedopMoBaHUI CTaH Moaenei AoCNiAKYBaAW Nif, BIIMBOM 3TMHAOYOro HaBaHTaxKeHHA 350 H.

Pesynbmamu. Mpwn gOCNiAKeHHI HanpyXeHo-4ePpopPMOBaHOro CTaHy MoAeneint Halbinbll KPUTUYHI BigMiHHOCTI
3apEECTPOBAHO B 30HI BXOAY FBUHTIB B HiXKKM Ayr xpebuis Ta 6e3nocepegHbo B TPAaHCNEANKYAAPHUX MBUHTAX. Mpun
BMKOPWUCTAHHI KOPOTKMX FBUHTIB Ta NPU BiACYTHOCTI MOMNEPEYHUX CTAXKOK MAKCMMA/IbHI HAaNpPY»KEeHHA B HiXKKax ayr
xpebuis Th10, Th1l, L1 ta L2 ctaHoBAATb BignosigHo 2,6 MMa, 1,9 MMa, 5,4 Ta 6,6 MMNa. MNpn BUKOPUCTaHHI LOBIrUX
rBUHTIB 6e3 cTaxoK — 5,1 MMMa, 2,3 MMNa, 10,2 MMMa Ta 12,7 MMMa BignosigHo. Moggenb i3 KOPOTKUMM FBUHTAMU Ta
CTAXXKaMK geMoHcTpye 2,3 MMa, 1,7 MMMa, 3,4 MlMa 1a 5,9 MMMa, B TOM Yac AK 3aCTOCYBaHHA AOBIUX rBUHTIB 3i CTAXK-
Kamu — 2,7 MMa, 2,0 MMa, 3,4 MMa Ta 4,8 MMa BignosigHo. MNpun aHani3i HaBaHTa)XeHHA Ha rBMHTax BiomexaHiuyHO
HalbiNbW AOUINBHOI € MOAE/b i3 KOPOTKMMU FBUHTAMM Ta MONEPEUYHUMM CTAKKAMM, LLLO AEMOHCTPYE NOKA3HUKU
15,2 MnNa, 13,5 MMMa, 5,5 MNa T1a 26,2 M[a gnsa reunTis B Tinax Th10, Th1l, L1 Ta L2 BignosigHo.

BucHosku. Mpu Haxuni Tynyba Bnepes BUKOPUCTAHHA MOMEPEYHUX CTAXKOK A03BOAE 3HU3UTU PiBEHb HaMpy-
YKEHb Y BCiX KOHTPO/IbHMX TOUYKaxX MoAe/iell He3aNeXKHO Bif, AOBXMHN BUKOPUCTAHUX iKcytoumnx rBUHTIB. Bukopuc-
TaHHSA AOBIUX IBUHTIB BUKAMKAE NiABULLEHHA PiBHA HANpyKeHb B Tifi xpebus T11, HaBKOMO BCiX GiKCYyrOUMX IBUHTIB
Ta Ha CAMUX FBUHTaX.

Knto4oBi cnoBa: CKiHYeHO-eneMeHTHa MOZEeNb, rPYA0-NONepPeKoBUin Nepexia, TpaHcneaMKynapHa cTabinisauis,
nonepeyvHa CTAXKKA, HaXWUn Bnepea.

FINITE ELEMENT ANALYSIS OF THORACOLUMBAR JUNCTION TRANSPEDICULAR FIXATION VARIANTS AFTER
RESECTION OF THE TH12 VERTEBRA WHILE FORWARD BENDING
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Abstract. The zone of the thoracolumbar junction of the spine is the most prone to traumatic injuries due to
its biomechanical properties The last few decades have been characterized by the active introduction into clinical
practice of various types of spondylodesis. However, even modern surgery methods are characterized by a certain
percentage of fragmentation and dislocations of metal fusion systems. Objective. To study the stress-strain state of
the model of the lumbar spine after resection of the Th12 vertebra with different options of transpedicular fixation
under flexion load. Object and research methods. We developed a mathematical finite-element model of the
thoracolumbar section of the human spine, which included the vertebrae Th9-Th11 and L1-L5. The Th12 vertebra
was completely removed. The model also included elements of metal fusion system — a vertebral body replacing
implant between the Th11 and L1 and a traspedicular system consisting of 8 screws installed in the Th10, Th11, L1
and L2 vertebrae. 4 variants of transpedicular fixation were modeled using short and long screws, as well as with and
without two crosslinks. The stress-strain state of the models was studied under the influence of a forward bending
load of 350 N.

Results. When studying the stress-strain state of the models, the most critical differences were registered in the
area where the screws enter the pedicles of the vertebral arches and in the transpedicular screws themselves. When
using short screws without crosslinks, the maximum stresses in the pedicles of the arches of vertebrae Th10, Th11,
L1and L2 are 2.6 MPa, 1.9 MPa, 5.4 and 6.6 MPa, respectively. When using long screws without crosslinks —5.1 MPa,
2.3 MPa, 10.2 MPa and 12.7 MPa, respectively. The model with short screws and crosslinks shows 2.3 MPa, 1.7 MPa,
3.4 MPa and 5.9 MPa, while the application of long screws with crosslinks shows 2.7 MPa, 2.0 MPa, 3.4 MPa and 4,8
MPa, respectively. When analyzing the load on the screws, the model with short screws and crosslinks is the most
appropriate biomechanically, showing values of 15.2 MPa, 13.5 MPa, 5.5 MPa and 26.2 MPa for the screws in the
Th10, Th1l, L1 and L2 bodies.

ISSN 2077-4214. Bicuuxk npo6nem 6ionorii i meauuuxu — 2023 — Bun. 2 (169) / Bulletin of problems in biology and medicine — 2023 - Issue 2 (169) 295



KNIHIYHA TA EKCMEPUMEHTA/IbHA MEAULUHA / CLINICAL AND EXPERIMENTAL MEDICINE

Conclusions. When the torso is tilted forward, the use of crosslinks allows to reduce the stress level at all control
points of the models, regardless of the length of the used traspedicular screws. The use of long screws causes
increased stress levels in the body of the T11 vertebra, around all traspedicular screws and on the screws themselves.
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PATHOGENIC MICROORGANISMS IN THE STRUCTURE OF THE MICROBIOTA
OF THE UROGENITAL TRACT OF WOMEN OF REPRODUCTIVE AGE

ON THE BACKGROUND OF TOBACCO SMOKING
Oles Honchar Dnipro National University (Dnipro, Ukraine)
oksanason@i.ua

Smoking is a dose-dependent risk factor for bacterial vaginosis. It is also significantly associated with the risk
of several sexually transmitted infections in women, including Trichomonas vaginalis, Neisseria gonorrhoeae, and
Chlamydia trachomatis. Colonization of the mucous membrane by pathogenic microorganisms is associated with
damage to the epithelium of the cervix due to modification of cellular DNA, suppression of local and systemic im-
mune reactions, and a decrease in the number of representatives of the indigenous microfilora. It was established
that cotinine, the primary metabolite of nicotine, is concentrated in cervical mucus, which suggests that it directly
affects the vaginal microbiota. The purpose of the study: to investigate changes in the microbiota of the urogenital
tract of women of reproductive age in the Dnipro region, which are caused by pathogenic microorganisms against
the background of tobacco smoking. Detection of pathogenic microorganisms in the biological fluid of women of
different age groups who smoke and do not smoke using the polymerase chain reaction (PCR) method. Trichomonas
vaginalis, Neisseria gonorrhoeae and Chlamydia trachomatis are pathogenic microorganisms, and according to the
instructions for the Femoflor Screen screening test system, their detection in samples of biological material is con-
sidered a positive result. Diagnosis and identification of these microorganisms were one of the stages of a complex
diagnostic examination of women with reproductive system disorders.

Key words: microbiota, urogenital tract, smoking, women, reproductive age, opportunistic pathogens, patho-
genic microorganisms.
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Introduction.

The vaginal microbiota is one of the essential
features of maintaining vaginal homeostasis and
providing protection against urogenital infections. But
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the microbial balance can be disturbed, which leads
to various infectious diseases characterized by the
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