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For the correction of symptomatic treatment, a consultation with a neuropathologist was recomended. Based on
the results of the examination, the patient’s diagnosis was supplemented and treatment was adjusted. After the
corrected treatment, the patient noted a decrease in the intensity of facial pain.

Taking into account the polygamy of symptoms of rhinosinusitis, which include pain in the frontal part of the
head, it is sometimes difficult to differentiate the cause of the latter. Therefore, patients with rhinosinusitis, in
whom the nature of the pain is not typical, does not correspond to the severity of inflammation of the mucous
membrane of the nasal cavity and paranasal sinuses, and is not amenable to treatment, need consultation with
related specialists to determine further treatment tactics.
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Internal fixation is the most common method of surgical correction of most traumatic spinal injuries. The intro-
duction of telescopic body replacement implants into clinical practice has significantly optimised the surgical treat-
ment of fractures of the thoracolumbar junction, but the biomechanical features of such stabilisation have been
little studied. This study aimed to conduct a detailed analysis of the load distribution in the simulation of resection
of the Th12 vertebral body with its subsequent replacement with interbody support and additional stabilisation with
an 8-screw transpedicular system. One of the most biomechanical unfavourable loading variants, rotational impact,
was studied. The analysis was carried out using a finite element model developed in the biomechanics laboratory
of the State Institution "Sytenko Institute of Spine and Joint Pathology National Academy of Medical Sciences of
Ukraine". Different variants of transpedicular fixation were considered: using standard monocortical transpedicular
screws or elongated bicortical screws. In addition, the effect of the presence of two transverse rod-to-rod ties was
studied. As a result of the analysis, it was found that under rotational loads, the greatest stress is concentrated on the
interbody support and the vertebral closure plates in contact with it. At the same time, the inclusion of 2 transverse
ties in the stabilising transpedicular system allows for a significant normalisation of the load distribution, reducing
the critical stress in the most vulnerable areas. At the same time, the use of long bicortical screws does not have a
significant effect on the stress-strain state. The obtained results should be evaluated in combination with the analysis
of other loading patterns to identify the most biomechanically favourable and stable variant of surgical intervention.

Key words: thoracolumbar junction, traumatic injury, transpedicular fixation, body resection, rotational loading.
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Connection of the publication with planned research
works.

The work is a fragment of the research work “To in-
vestigate the mechanisms and develop a set of therapeu-
tic measures to reduce disability and improve the quality
of life of patients with spinal cord injury”, state registra-
tion number 0119U000110.

Introduction.

Internal fixation is a common surgical method for cor-
recting most traumatic spinal injuries [1]. The surgical ap-
proach (anterior, posterior or combined), the expediency
and extent of resection of damaged bone structures, the
type of stabilisation systems used and the length of fixa-
tion are determined individually, considering several fac-
tors: the nature of the injury; anatomical area; simplicity,
safety and convenience of surgical access; material and
technical support of the healthcare facility; economic fea-
sibility; prognosis of regression of neurological dysfunc-
tion, if any; surgeon’s preferences, etc. [2, 3]. Considering
the principle of achieving maximum surgical efficiency
with minimal surgical trauma, in most cases, posterior ap-
proaches are used for traumatic injuries of the supraaxial
level of the cervical spine and the thoracolumbar junction
(TLJ)). In contrast, anterior approaches are advisable for
the subaxial level of the cervical spine [4]. Attempts to
extrapolate anterior approaches, which are used mainly
for oncological lesions of the thoracolumbar vertebrae,
to traumatic injuries are controversial and are not widely
used in clinical practice [5].

Depending on the severity of the vertebral body col-
lapse, it causes spinal canal compression, injury instabil-
ity and disruption of the spinal axis. These consequences
of trauma lead to the classic triad of tasks that a spinal
surgeon must solve: decompression, reconstruction, and
stabilisation. After R.Roy-Camille’s active introduction of
transpedicular stabilisation in 1986, this method has be-
come a standard in the surgery of traumatic injuries of the
thoracolumbar spine, which allows for a certain degree of
axis correction and fixation rigidity, which contributes to
anincrease in the speed of formation and effectiveness of
spondylodesis [6]. The length of fixation and some techni-
cal aspects of its implementation are determined mainly
by two factors: the degree and nature of osteoligamen-
tous lesions and the anatomical region of the spine that
requires surgical correction. It is known that most spinal
injuries are indirect. Thus, the impact of a traumatic fac-
tor on the spine leads to damage to its most biomechani-
cally vulnerable areas, mainly the cervical spine and the
TLJ [7]. It determines the technical features of performing

a posterior transpedicular fusion of the TLJ [8]. For a long
time, “long” (at least eight screws) transpedicular fixa-
tion was the standard for any lesions of the TLJ requiring
metal fusion [9]. The progressive increase in the number
of surgical interventions and the economic component of
the medical service provided gradually lead to attempts
to minimise the number of consumables used and, ac-
cordingly, to limit the short fixation of the damaged spinal
segment [10, 11]. A literature review revealed publica-
tions by various authors demonstrating the biomechani-
cal capability of 4-screw and 6-screw transpedicular stabi-
lisation of the TLJ site in type A2 and A3 injuries, while the
use of these methods in injuries accompanied by distinct
destructive changes in the osteo-ligamentous structures
of the injured spinal-motor segment often leads to frag-
mentation or dislocation of metal structures [12-14].

Total or subtotal removal of the body of the damaged
vertebra with significant fragmentation and dislocation
of fragments is an effective method that, combined with
posterior decompression and stabilisation, allows for
solving the three surgical tasks mentioned above. The
active introduction of telescopic body replacement im-
plants into practical health care has made it possible to
significantly simplify this intervention stage from the pos-
terior surgical approach [15]. The nature of the load distri-
bution on the elements of the metal structure and bone
structures, which is critical for determining the stability
of the fixed spine, is poorly understood in these surgical
interventions. In our previous publications, we discussed
the biomechanical characteristics of a stabilised TLJ frag-
ment under flexion and extension loads in resectioning
the Th12 vertebral body [16, 17]. This article is devoted
to studying the loading characteristics of bone structures
and metalwork elements under rotational impact.

The aim of the study.

To determine the stress-strain state of the model of
the thoracolumbar spine after resection of the Th12 ver-
tebrae with different variants of transpedicular fixation
under the influence of rotational load.

Object and research methods.

A mathematical finite-element model of the human
thoracolumbar spine (vertebrae Th9-Th1l and L1-L5,
vertebra Th12 removed) was developed in the Biome-
chanics Laboratory of the Sytenko Institute of Spine and
Joint Pathology National Academy of Medical Sciences of
Ukraine, and metal structures, such as interbody support
and transpedicular stabilisation system, were considered.
A detailed description and characteristics of the model
are given in previous publications [16, 17].
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r We simulated four variants of

T transpedicular fixation using short
fixation screws and long screws
4. ™= | passing through the inner cortical
layer of the vertebral body, as well
as two transverse ties and without
them (fig. 1).

In the modelling, the material
was assumed to be homogeneous
and isotropic. A 10-node tetrahe-
dron with quadratic approximation
was chosen as a finite element. The

a b c

d mechanical properties of biologi-

Figure 1 — Models with different options for transpedicular fixation: a — short screws without
cross ties; b — long screws without cross ties; ¢ — short screws with cross ties; d — long screws

with cross ties.

cal tissues (cortical and cancellous
bone, intervertebral discs) for math-
ematical modelling were chosen ac-
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cording to [18-21]. The material of
the elements of metal structures is
titanium. The mechanical charac-
teristics of artificial materials were
selected according to the technical
literature [22]. The following charac-
teristics were used for analysis: E —
elastic modulus (Young’s modulus),
v — Poisson's ratio. Data on the me-
chanical characteristics of the mate-
rials are given in table 1.

We studied the stress-strain

state of the models under the influ-
ence of rotational loading. For this

purpose, a torque of 10 Nm was
applied to the body of the Th9 ver-
tebra. The model was rigidly fixed
along the distal surface of the L5
vertebral disc. The loading scheme
of the models is shown in fig. 2a.

Table 1 — Mechanical character-
istics of the materials used in the

modelling
Material Young':/lr;:dulus, Porizfci%n’s
Cortical bone 10000 0,3
Spongy bone 450 0,2
Articular cartilage 10,5 0,49
Intervertebral discs 4,2 0,45
Titanium VT-16 110000 0,3

Forthe convenience of studying changesinthe models’
stress-strain state depending on the transpedicular
fixation method, the stress value was determined at the
control points (fig. 2b, c).

The stress-strain state of the models was studied using
the finite element method. The criterion for assessing the
stress state of the models was the Mises stress [23]. The
modelling was performed using the SolidWorks computer-
aided design system (Dassault Systemes, France). The
stress-strain state of the models was calculated using the
CosmosM software package [24].

Research results and their discussion.

At the first stage of the study, the stress-strain state of
the model of the thoracolumbar spine after resection of
the Th12 vertebrae under the action of a rotational load
was investigated. Short screws without transverse ties
were used for transpedicular fixation. Fig. 3 shows the
stress distribution in the model.

When torsional loads were applied to the model with
transpedicular fixation with short

Figure 2 — Model loading diagram (a) and location of control points (b, c). Designations: 1 —
vertebral body Th9; 2 — vertebral body Th10; 3 — vertebral body Th11; 4 — vertebral body L1; 5 -
vertebral body L2; 6 — vertebral body L3; 7 — vertebral body L4; 8 — vertebral body L5; 9 — lower

closure plate of the vertebral body Th11; 10 — upper closure plate of the vertebral body L1; 11
— entry of screws into the arch of the vertebra Th10; 12 - entry of screws into the arch of the
vertebra Th11; 13 — entry of screws into the arch of the L1 vertebra; 14 — entry of screws into
the arch of the L2 vertebra; 15 — screws in the body of the L10 vertebra; 16 — screws in the body
of the L11 vertebra; 17 — screws in the body of the L1 vertebra; 18 — screws in the vertebral
body of L2; 19 — ties between the screws in the vertebral bodies of Th10 and Th11; 20 - ties
between the screws in the vertebral bodies of L1-L2; 21 — interbody support.

body of the Th11 vertebra. Around the fixation screws,
the maximum stress was recorded in the L1 vertebra (4.8
MPa). Of the metal structural elements, the interbody
support had the highest stress value (66.4 MPa), while
the fixation screws in the Th10 vertebrae had 24.2 MPa
and in the L1 vertebrae 28.5 MPa. Also, a significant level
of stress (16.5 and 19.2 MPa) was recorded on the screws
in the L2 and Th11 vertebrae, respectively.

The use of long transpedicular screws without trans-
verse ties under torsional loads leads to a slight decrease
in stresses in the vertebral bodies of the thoracic spine,
which is compensated by a slight increase in stresses in
the vertebral bodies of the lower spine (fig. 4). Compared
to the model of transpedicular fixation with short screws,
the change in stresses did not exceed 5% in both bone
and metal elements of the model. A slight decrease in the
stress level was recorded in all elements of the transpe-
dicular structure.

The effect of transverse ties on the stress distribution
in the model of the thoracolumbar spine after resection
of the Th12 vertebra under torsional loading was investi-
gated (fig. 5).

According to the modelling results, the use of trans-
verse ties in combination with short screws under tor-
sional loads reduces the stress level at all control points of
the models. The most significant changes were recorded
in the transpedicular structure elements. Thus, the stress
in the interbody support decreased to 62.9 MPa, and on

screws without transverse ties, the
maximum stress in the bone tissue
was observed in contact between
the vertebral bodies and the inter-
body support. The highest stress
values (19.7 MPa) were recorded
on the upper surface of the L1 ver-
tebra, while on the lower surface of
the Th11 vertebral body, the stress
value was about 10.0 MPa. In the
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stress value (8.9 MPa) was record-
ed in the body of the L2 vertebra,
and the minimum (4.2 MPa) in the

Figure 3 — Stress distribution in a model of the thoracolumbar spine after resection of the Th12
vertebrae under the influence of rotational load. Transpedicular fixation with short screws
without transverse ties: a — frontal view; b — side view; c — rear view; d — screws.
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Figure 4 — Stress distribution in a model of the t
Th12 vertebrae under torsional Ioadmg Transpedicular fixation with long screws without

transverse ties: a — frontal view; b view; ¢ — posterior view; d — screws.
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Figure 5 — Stress distributions in the model of the thoracolumbar spine after resection of
the Th12 vertebrae under torsional loading. Transpedicular fixation with short screws with

transverse ties: a — frontal view; b —

lateral view; ¢ — posterior view; d — screws.

Table 2 — Torsional stresses in models of the thoracolumbar spine
after resection of the Th12 vertebrae with different variants of trans-

pedicular fixation

Stress, MPa
Control points Model without| Model with
ties ties
= cerews scrows | serews scrows
1 Vertebral body Th9 4,8 4,8 4,8 4,8
2 Vertebral body Th10 5,3 4,6 4,9 4,2
3 Vertebral body Th11 4,2 4,3 3,7 3,8
4 Vertebral body L1 7,6 7,7 6,4 6,5
5 Vertebral body L2 8,9 8,8 8,5 8,4
6 v Vertebral body L3 8,6 8,7 6,3 7,1
7 g Vertebral body L4 82 | 87 | 65 | 69
8 % Vertebral body L5 49 | 45 | 44 | 42
9 | ®|Lower closure plate of vertebra Th11 10,9 | 11,7 | 10,1 | 10,5
10 Upper closure plate of vertebra L1 19,7 | 19,0 | 18,0 | 17,8
11 Entry of screws into the vertebral arch Th10| 2,7 2,4 2,3 1,6
12 Screw entry into the vertebral arch Th1l 3,9 4,2 2,7 2,9
13 Screw entry into the vertebral arch L2 4,8 5,2 4,5 4,9
14 Screw entry into the vertebral arch L3 2,1 2,3 1,7 1,6
15 Screws in the vertebral body Th10 24,2 | 22,3 | 21,4 | 21,2
16 0 Screws in the vertebral body Th11 16,5 | 15,0 | 14,6 | 12,3
17 % Screws in the vertebral body L1 28,5 | 28,1 | 25,1 | 24,7
18 é Screws in the vertebral body L2 19,2 | 18,7 | 18,2 | 17,3
c [ -
19 {_9; El(;a;isgrv;isr;a?%clriws in the vertebral _ _ 258 | 21,2
T | Ties between the screws in the vertebral

20 | = | podies L1 and L2 - - 26,7 | 24,8
21 Interbody support 66,4 | 66,3 | 62,9 | 61,2

the upper fixation screws — to 21.4 and
14.6 MPa in the vertebrae Th10 and
Th11, respectively. The stress on the
upper and lower ties was 25.8 and 26.7
MPa, respectively.

The use of transverse ties in combi-
nation with long fixation screws under
rotational loads led to a decrease in
stress at all control points of the model
compared to transpedicular fixation
with long screws without ties (fig. 6).
The stress values were slightly higher
than in the model of transpedicular fix-
ation with short screws with transverse
ties, but the difference did not exceed
5%.

The data on the stress value at all
control points of the models for all vari-
ants of transpedicular fixation are given
in table 2.

Comparison of the torsional stress-
es on the bone elements of the models
of the thoracolumbar spine after resec-
tion of the Th12 vertebrae with differ-
ent variants of transpedicular fixation
(fig. 7) revealed that transverse ties
exerted the greatest influence on the
stress distribution in the models, while
the difference between short and long
screws was very insignificant.

The diagram shown in fig. 8 allows
comparing the stress values at the
control points on the elements of the
metal structures of the models. The
data analysis shows that the interbody
support receives a load that is more
than 2 times higher than that recorded
on other components of the implanted
system.

The results obtained are generally
consistent with the data presented in
a few publications by other authors.
Thus, Y. Han et al., in a similar design
of biomechanical modelling, found that
rotational loads cause the formation of
maximum stresses on the elements of
the body replacement structure and
the bone structures in contact with
it [25]. This phenomenon is the main
cause of interbody support failure of
the vertebral body adjacent to the
resected vertebrae. M.M. Panjabi et
al., based on the results of studying
the biomechanical stability of explosive
fractures of the TLJ on cadaveric
material, found that the most
pronounced is rotational instability [26].
Compared to other loading patterns,
rotation demonstrates relatively low
stresses both on the screws of the metal
structure and in the area of contact
between the screw and the vertebral
arch pedicle, which has been confirmed
by other authors [27, 28].
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Conclusions.

The data obtained indicate that
the rotational load of the stabilised
area of the TLJ causes the maximum
stresses on the body replacement
implant and the vertebral closure
plates in contact with it. The
use of transverse ties provides a
significant load reduction both in a b c d

the most critical areas of the model

d i | timisi load Figure 6 — Stress distribution in a model of the thoracolumbar spine after resection of the Th12
and, In general, optimising loa vertebrae under torsional loading. Transpedicular fixation with long screws with transverse
distribution. The use of bicortical ties: a — frontal view; b — lateral view; ¢ — posterior view; d — screw.
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transpedicular screws does not 25
have a biomechanically significant
effect on the main load parameters
of the model since the maximum §
load reduction at individual control o
points does not exceed 5%. This | &

fact and the assessment of the s _
surgical risks of bicortical fixation I" III I" ” I | Ili il Ih III \
cast doubt on the feasibility of using ; 2 , .

1 2 3 4 5 -] 7 B 9 10 11 12 13 1z

this technique, at least in terms of Control points
resistance to rotational loading.

i . X m short screws without ties  m long screws without tiess short screws with ties long screws with ties
Only an integrative analysis
of all possible loading patterns Figure 7 — Stress value at the control points on the bone elements of the models.
of the injured spinal-motor 70

segment, considering the 50
maximum amplitudes, will allow
for determining the optimal surgical
tactics.

Prospects for further research.

Further research will be devoted :
to the analysis of the stress-strain _
state of the models under other III
’ 15 16 17 18 18 20 21

loads. Considering clinical relevance,
the optimal stabilisation method for Control points

@

Stress, MPa
&

"
L=

o

the modelled surgical intervention u short screws withoutties w long screws without ties short screws with ties long screws with ties
will be determined based on a
comprehensive assessment.

Figure 8 — Stress value at the control points on the metal construction elements of the models.
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BIOMEXAHIYHI OCOBJ/IUBOCTI rPYAO-NOMNEPEKOBOIO NEPEXOAY NiA4 BM/INBOM
POTALLIMHOIO HABAHTAXEHHA NICNA AEKOMMNPECUBHO-CTABINNI3YIOYOIro
XIPYPIIYHOIO BTPY4YAHHA

14Y «lHcTUTYT Helipoxipyprii im. akag. A.MN. PomoaaHosa HAMH YkpaiHu» (m. Kuis, YkpaiHa)
21y «lHcTUTYT Nnatonorii xpebTa Ta cyrnobis im. npod. M.l.CureHka HAMH YkpaiHu»
(m. Xapkis, YKpaiHa)

korab.karpinsky9@gmail.com

BHympiwHa pikcayisa € HalimowupeHiwum memoooM XipypaiuHoi KopeKyii 6inbwocmi mpasmamuvHux
YWKOOM(eHb xpebma. BrnposadieHHs 8 K/iHIYHY MNPAKMUKy meaeckoniyHUX mino3amiHHUX imnaaHmamie
003801U710 3HAYHOK MIpPOK onMuMmizysamu XipypaidyHe niKysaHHs nepesomie obaacmi epyOHO-ronepeKkoso20
nepexody, npome biomexaHiuyHi ocobausocmi nodibHoi cmabinizayii sus4yeHi mano. Memor ybo2o 00CAIOHEHHSA
byno nposedeHHs 0emasibHo20 aHAsI3y Po3Modiny HABAHMAM(EeHb MPU MOoOeno8aHHI pesekyil mina Th12 xpebuys
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3 nodansbwum (i020 3aMilleHHAM MiKMIinogor onopoo ma 6odamkosor cmabinizayiero 8-mu 28UHMOB0K
mpaHcneduKynapHo cucmemoro. Busyasca 00uH (3 biomexaHiyHux Halibinbw HecnpuaAmMAusux eapiaHmie
HasaHMaxceHHA — pomayiliHull ernaus. AHAni3 6ys10 NpPosedeHo 3 BUKOPUCMAHHAM KiHUeso-eseMeHMHoi mooerni,
po3pobreHoi 8 nabopamopii biomexaHiku Y "IHcmumym namonoeii xpebma ma cyznobis im. npog. M.I. CimeHKa
HAMH Ykpainu". Po3enaHymo pisHi eapiaHmu mpaHcneoukynapHoi gikcayii: i3 3acmocy8aHHAM cmaHOapmHuUx
MOHOKOPMUKAAbHUX MPAHCNeOUKyAapHUX 28uHmie abo rnodosxiceHux bikopmukansHux. Kpim mozo, sugyeHo
8r71u8 HAABHOCMI 080X MOMepPeyHUX CMAMOK Ha Kwmanm “rod-to-rod”. B pe3ynbmami nposedeHo20 aHasizy
8CMQAHOB/EHO, WO Npu pomayiliHux HaB8AHMAXEHHAX Halbinbwa Hanpyaa KOHUEHMPYEMbCA HA Mixminosil
0r1opi, @ MAKOX 3AMUKAAbHUX MAACMUHAX Xpebyis, wo KoHmakmywome 3 Heto. [Ipu ybOMy BK/IKOYEHHA 00
cmabinizyto4oi MpaHcneoOuKynapHoOi cucmemu 2-xX onepevyHuUx CMAMOK 00380/AE€ 3HAYHO HOPMAsizysamu
p03M00in HABAHMAXEHb, 3HU3UBWU KPUMUYHY Hanpyz2y Ha Halypasnausiwux OinAaHkax. Y mol camuli 4dac
3acmocy8aHHA 0082ux BIKOPMUKAAbHUX 28UHMIB 3HAYHO20 8I1aAUBY HAMPYHEHO-0edopMo8aHUll CMAH He HAOJE.
OmpumaHi pe3ynsmamu HeobXiOHO OyiHI8AMU 8 KOMMEKCi 3 aHAMI30M [HWUX MammepHie HaBAHMUAMEHHA 3
Memoto sussneHHA Halibinbw 6iomexaHiyHO cripuamaugo20 ma cmabinbHO20 8apiaHMa Xipyp2iYHo20 8MPYYAHHS.

Knrouoei cnoea: epydo-nonepekosuli nepexio, mpasmamuyHe YUIKOOHEHHS, MPAHCIeOUKyAapHAa gikcayis,

peseKuia mina, pomayiliHe HABAHMAXEHHSA.

3B8’A30K ny6aikauii 3 n1aHOBMMU HAyKOBO-AOCNIA-
HUMU poboTamu.

PoboTa € ¢pparmeHTOM HayKOBO-AOCAiIAHOI poboTn
«Jocnianutn mexaHismuM Ta Po3pobUTU KOMMAEKC Ni-
KyBa/IbHUX 3aXOAiB A/1A 3MEHLIEeHHA iHBanigmsauii Ta
NMOKPALLEHHA SKOCTI KUTTA XBOPUX 3 XPebeTHO-CNUH-
HOMO3KOBOI TPaBMOIO», AepXKaBHUN peecTpaLiiHuii
Homep 0119U000110.

Bcryn.

BHYTpilWwHA dikcauia € nownpeHnm MeTOA0M, AKUIA
BMKOPUCTOBYIOTb ANA XipypriyHoi KopeKuii 6inbwoc-
Ti TPaBMaTUMUHUX yWKoAKeHb xpebTa [1]. XipypriuHui
poctyn (nepenHin, 3agHin abo KombiHOBaHWI), Ao-
LiNbHICTb Ta 06CAr pesekuii MOWKOAMKEHMX KiCTKOBUX
CTPYKTYP, TUM BWMKOPUCTOBYBAHWUX cucTem cTabinisauii
Ta AOBXMHY diKcau,ii BU3Ha4atoTb iHAMBIAYaNbHO 3 ypa-
XYBaHHAM HW3KN UYMHHUKIB: XapaKTepy YLIKOAMKEHHS;
aHATOMIYHOI 30HM; NPOCTOTH, Be3MeYHOCTi Ta 3pYYHOCTI
XipypriyHoro goctyny; matepiasbHO-TEXHIYHOro 3abes-
nevyeHHA NiKyBa/NbHO-MPOOINAKTUYHOTO 3aKaagy; eKo-
HOMIYHOI AOUINbHOCTI; NPOrHO3y perpecy HeBpPOOriy-
HOT gMchyHKLI, AKWO TaKa €; ynogobaHb Xipypra Towo
[2, 3]. 3 ypaxyBaHHAM NPUHUMUMNY AOCATHEHHA MaKCK-
MaNbHOI XipypriyHOT epeKTUBHOCTI 3@ MiHIManbHOI Xi-
pypriyHoi TpaBmK y BinblIOCTI BUNAAKIB 3a4Hi AOCTYNK
BMKOPUCTOBYIOTb MPWU TPAaBMATUYHUX MOLUKOAMKEHHAX
cynpaakciabHOro piBHA LWWWHOrO Bigdiny xpebra, a
TaKO 30HM rpyao-nonepekosoro nepexoay (MMM), Toai
AK Ans cybakcianbHOro piBHA WKWMHOTO BiaAainy xpebrta
[OLiNbHO 3aCTOCOBYBaTU NepeaHint aoctyn [4]. Cnpobu
eKCTpanontoBaTn nepegHi AOCTYNW, AKi BUKOPUCTOBY-

I0Tb NEPEBAXKHO MPU OHKOMOTIYHUX YPAXKEHHAX XpebLiiB
rpygo-nonepekoBoro BigAiny, Ha TpPaBMaTUYHI YLIKO-
OXKEHHA € ANCKYTAabeNbHUMM | He 3HAXO4ATb WMPOKOTo
3aCTOCYBaHHA Y KAiHIYHIN npakTumui [5].

Konanc Tina xpebua 3anexHo Big cTyneHs Bupas-
HOCTi CNPUYMHAE KOMMpecito XpebToBOro KaHany, He-
CTabiNbHICTb MOLIKOAMKEHHA i MOpyweHHA oci xpebTa.
Lli HacnigKy TpaBMK 3yMOBAIOKOTb KAACUYHY Tpiady 3a-
BAAHb, SIKi MA€ BMPILLUTK CMiHAaNbHWUI Xipypr: AeKomn-
pecisi, peKoHCTPYKLisa Ta cTtabinizayis. Micns akTMBHOrO
BnposaakeHHsA R. Roy-Camille TpaHcneaukynapHoi cTa-
6inisauii 8 1986 p. uelt meToa € cTaHAAPTOM Yy Xipyprii
TPaBMaTUYHMX YLIKOAMKEHb rpya0-NonepeKkoBoro Bigai-
Ny xpebTa, WO AaE 3MOry NEBHOK Mipoto 3abe3neyunTn
AK KOPEKL,ito OCi, TaK i »OpCTKicTb diKcauii, wo cnpuse
36iNblEHHI0 WBUAKOCTI popmyBaHHA Ta ePeKTUBHOCTI
cnoHamnogesy [6]. MpoTaxkHicTb dikcaLii, a TakoX Aeski
TeXHIYHi acCneKTU il BUKOHaHHA BM3HAYaloTbCA NepeBax-
HO ABOMA YNHHMKAMW: CTYMEHEM Ta XapaKTepoM OCTeo-
NIrAMEHTO3HMX MOLLKOAMEHb | aHATOMIYHMM BigAiiom
XpebTa, wo notpebye xipypriuHoi KopeKuii. Biaomo, Lo
GiNblUiCTb MOWKOAXKEHb XpebTa MatoTb HENPAMUN Xa-
pakTtep. Tak, BNAMB TPaBMyBa/IbHOTO YMHHUKA Ha Xpe-
6eT NpM3BOAUTL [0 MOLWKOAMKEHHA MOro HalbinbL 6io-
MeXaHIYHO BPa3NMBUX AiNAHOK, MEePEeBaAXKHO LUMIAHOIO
Biaainy Ta ainankum MM [7]. Lle BU3Ha4yae TexHiYHi oco-
6/MBOCTI BMKOHAHHA 33a4HbOrO TPAHCNEAWMKYNSPHOrO
cnoHaunogesy ainaHkm MM [8]. MpoTarom TpuBanoro
Yyacy «goBra» (WoHaliMeHle 8-rBUHTOBA) TpaHcneau-
KynapHa ¢ikcauis byna ctaHZapTom Ansa 6yab-aKux no-
WwKoaKeHb MM, wo noTpebyoTb MeTanocnoHaunone-

| | I

-

- 3y [9]. MporpecnBHe 36inblUeHHA
j - KiNbKOCTi XipypriyHMX BTPyYaHb Ta

“*;- EKOHOMIYHa CKNagoBa MeAUYHOI
NoCnyru, WO HAJQETbCA, NOCTYNo-
BO NPM3BOAATb A0 CPO6 MiHiMi3y-
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PucyHok 1 — Mogeni 3 pisHuM#K BapiaHTamu TpaHcneAUMKYNApHOI ¢ikcauii: a — KOPOTKi rBUHTU

6e3 nonepeyHuX CTAXOK; 6 — A0Bri rBUMHTU 6€3 NoNepPeYHUX CTAMKOK; B — KOPOTKI FBUHTH 3
nonepevyHMMM CTAXKKAMMU; I — AOBri FBUHTM 3 NONEPEYHUMMU CTAKKAMM.

BaTM Ki/IbKiCTb BUMKOPUCTOBYBAHUX
BUTPATHUX MaTepianis i, Bianosia-
HO, OBMEXUTUCA KOpOTKOK OiK-
CalliEl0 MOLIKOAMKEHOro CermeHTa
xpebTa [10, 11]. AHani3 nitepatypm
BMABMB nNybnikauii pisHUX aBTO-
piB, WO AEeMOHCTPYTb biomexa-
HiYHY CNPOMOXHICTb 4-rBUHTOBOI
Ta 6-rBMHTOBOI TpaHCNeAuKynap-
HOI cTabinizauii ginanku MM npu
ywrKogxeHHa tuny A2 i A3, Topi
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AK BUKOPUCTAHHA LIMX METOZAIB NPU YLIKOAMKEHHSX, L0
CYNPOBOAKYOTbCA BUPASHUMM AECTPYKTUBHUMM 3MiHa-
MW OCTEO-/TIFAMEHTO3HUX CTPYKTYP TPAaBMOBAHOIO Xpe-
6EeTHO-PYXOBOro CErMEHTA, YacTo NpM3BOAMUTb Ao dpar-
MeHTaUii abo AMcNoKaLil MeTanoKoHCTpYKLUin [12-14].
ToTanbHe abo cybToTasbHE BUAANEHHSA TiNa NOLIKO-
OXKeHOoro xpebus npu 3HauyHii Moro ¢parmeHTaii Ta
AMcnokauii ynamkis € eGeKTMBHUM METOAO0M, WO A3€
3MOry B MOEAHAHHI i3 3a4HbOK AEKOMMpPECIE Ta CTa-
6inisauieto BUPIlLMTM TpW 3a3Ha-

Tabnauua 1 — MexaHiuHi xapaKTepucTuKku
MmarTepianis, BAKOPUCTAaHUX NPU MOAENIOBAHHI

. M —
arepon | MoAgroionr | Koebie
KopTuKkanbHa KicTKa 10000 0,3
[ybuyacTa KicTKa 450 0,2
Cyrno60oBuit xpsLy 10,5 0,49
MixxpebLeBi gUCKK 4,2 0,45
TutaH BT-16 110000 0,3

YeHi BMWe XipypriyHi 3aBAaHHA.
AKTMBHE BMNPOBAAKEHHA Yy Mpak-
TUYHY OXOPOHY 340POB’A Tenecko-
NiIYHUX TINO3aMIHHUX IMMAAHTaTIB
[ano 3mMory 3Ha4yHO CMPOCTUTKU BU-
KOHAHHA LbOro eTtany BTPy4YaHHA
i3 3a4HbLOrO XipypriyHoro JocTyny
[15]. XapaKTep pos3noginy HaBaH-
TAQ)KEHHA Ha e/leMeHTU MeTano-
KOHCTPYKLii Ta KiCTKOBI CTPYKTypH,
L0 € KPUTUYHUM AS1A BM3HAYEHHA
cTabinbHOCTI ¢ikcoBaHoro Bigainy

XpebTa, 32 TAaKMX BUAIB XipypriyHNX a
BTPYYaHb MaNo BUBYEHO. Y HaWmX

nonepegHix nybaikauiax pos3rnsHy-
To 6ioMexaHiYHi XapaKTepUCTUKK
cTabinizoBaHoro d¢parmeHTta [N
nig, aieto GNeKcimHUX Ta eKCTeHsil-
HWX HaBaHTaXeHb Yy pasi pesekuii
Tina Th12 xpebug [16, 17]. La cTaT-
TA NPUCBAYEHA BUBYEHHIO 0COBAK-

PUCYHOK 2 — CxeMa HaBaHTaXKeHHA mogeneli (a) Ta po3TalyBaHHA KOHTPO/IbHMX TOYOK (6, B).
MosHaueHHsA: 1 - Tino xpebusa Th9; 2 - tino xpebua Th10; 3 - Tino xpebua Thll; 4 — tino xpebusa
L1; 5 - Tino xpebusa L2; 6 — Tino xpebusa L3; 7 — Tino xpebusa L4; 8 — Tino xpebua L5; 9 — HUXKHA
3aMMKaNbHA NNACTUHKA Tina xpebua Thll; 10 — BepxHA 3aMMUKabHA NNACTUHKA Tina xpebusa
L1; 11 - Bxig reuHTiB Yy Ayry xpebua Th10; 12 - Bxig reuHTiB y Ayry xpebus Th1l; 13 - exig
rBUHTIB y Ayry xpebusa L1; 14 — BXig, rBUHTIB y Ayry xpebusa L2; 15 — rBuHTK Y Tini xpebusa Th10;
16 - rBuHTK y Tini xpebua Thll; 17 - reBuHTM Y Tini Xxpebua L1; 18 — rBuHTH y Tini xpebua L2;
19 - CTAXKKM MiXK rBUHTaMu B Tinax xpebuis Th10 i Th1l; 20 — cTAXKKKM MiXK rBUHTaMM B Tinax

xpebuis L1-L2; 21 — mixkTinoBa onopa.

BOCTEM HABAHTA)KEHHA KiCTKOBUX
CTPYKTYp Ta €N1eMeHTiB MeTa/IOKOH-
CTPYKLi Npu poTaLinHOMY BNMBI.
Merta gocnigKeHHs.
BusHauntu HanpyeHo-gedop-
MOBaHUI CTaH mogeni rpygo-no-
nepeKkoBoro Bigdiny xpebrta nicnn
pesekKuii xpebus Th1l2 3a pi3HUX
BapiaHTIB TpaHCNeaMKyAApHOI diK-
cau,ii nig BNAMBOM POTALIMHOIO Ha-

BaHTa*eHHA.

. . a
06’eKT i MeTOAM pAOCNiAXKEHHA.

0

O =W R U o~

B r

Y nabopatopii 6iomexaHiku
IHcTUTYTY naTonorii xpebta Ta cy-
rnobis imeHi npod. M.l. CuteHKa
HAMH VYkpaiHu byna po3pobneHa
MaTeMaTUYHa CKIHYeHHO-eNleMeHTHa MoAeNb rpyao-no-
nepeKkoBoro Biaainy xpebta ntogmHu (xpebui Th9-Th1l
Ta L1-L5, xpebeub Th12 BuaaneHo), a Takox byau Bpa-
XOBaHi MEeTaNnOKOHCTPYKLII — MiXKTiioBa onopa i TpaH-
cneaukynspHa cuctema crabinisauji. JetanbHuii onuc
Ta XapaKTepUCTUKN MOLeNi HaBeeHO B NonepesHix ny-
6nikauisx [16, 17].

MogentoBanu 4 BapiaHTU TpaHCNeAUKYNAPHOT ik-
cauii 3 BUKOPUCTAaHHAM KOPOTKUX PiKCyBaNbHUX | 4OBIUX
FBMHTIB, AKI NPOXOAATb KPi3b BHYTPILLIHIN KOPTUKaNbHUI
wap Tina xpebus, a TaKOXK ABOX NOMNEPeYHUX CTAXKOK Ta
6e3 Hux (puc. 1).

Mpy MopgentoBaHHi maTepian BBaXKanu OJHOPIA-
HUM Ta i30TPOMHMM. AK CKiHYEeHHUI enemeHT obpaHo
10-By3n0BMIA TeTpaeap 3 KBALPATUUHOK anpOKCUMMa-
uieto. MexaHiuHi BnacTMBocTi 6ioNoriYHUX TKaHUH (Kop-
TUKaNbHA Ta rybyacTa KicTka, mirkxpebuesi AMcKuM) ans
MaTeMATUYHOIO MOAENIOBAHHA 06paHo 3a AaHumm [18-

PucyHoK 3 — Po3nogin HanpyXeHHA y moaeni rpyao-nonepexkoBoro Biaainy xpebra nicns
pesekuii xpebus Th12 nia BnaMBom poTauiiiHOro HaBaHTaXKeHHA. TpaHcneAUKynsapHa dikcauisa
KOPOTKUMM rBUHTaMM 6e3 nonepeyHmnx CTAXOK: a — BUINAA cnepedy; 6 — Burnag, 360oky; B —

BUINAA 33a4y, r — rBUHTU.

21]. MaTepian enemeHTiB METaJIOKOHCTPYKLiA — TUTaH.
MexaHi4Hi XapaKTepUCTUKM LWTYYHUX MaTepianis obupa-
/1 32 @aHMMU TeXHIYHOT nitepatypu [22]. Ons aHanisy
BMKOPWUCTOBYBA/IM TaKi XapaKTepUCTUKM, AK E — moaynb
npy»HocTi (Mogynb HOHra), v — koediuieHT MyaccoHa.
[aHi npo MeXaHiYHi XapaKTepuUCTUKM MaTepianis
HaBegeHo B Taba. 1.

[ocnigxKyBann HanpyxeHo-gedopmoBaHUiA  CTaH
moaenein nig BNAMBOM pPOTALIMHOIO HaBaHTAXKEHHA.
Ons uporo Ao Tina xpebua Th9 npuKknaganu KpyTHUR
momeHT 10 Hm. Y340BXK AUCTaNbHOI MOBEPXHI AMCKa
xpebua L5 mogenb 6yna opcTKo 3aKkpinneHa. Cxema
HaBaHTAXXEHHA MoZeniell HaBeeHa Ha puc. 2a.

[Ona 3pyyvyHOCTI AOCNIAXKEHHA 3MiH Hanpy)XeHo-ge-
$bOpMOBaHOro CTaHy Mmogeneit 3anexHo Big cnocoby
TpaHcneaMKynApHOI dikcaLii BeIMYMHY HanpyKeHHA BU-
3Ha4YaM Ha KOHTPONbHUX TOUKaXx (puc. 26, B).
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PucyHoK 4 — Po3nogin HanpyeHHA y moAeni rpyao-nonepekosoro Bigainy xpe6ra nicns
pesekuii xpebua Th12 nia BNAMBOM HaBaHTAaXKEHHSA HA Kpy4YeHHs. TpaHcneaAUKynapHa
ikcauis 4oBrMMM rBMHTaMM 6€3 NnonepeyHUX CTAXKOK: a — BUrAZ cnepeay; 6 — surnag
360KyY; B — BUINAZ, 33a4Y; I — TBUHTU.

i

i i

-

364,33

o

O = oW bkoUoh~

PucyHoK 5 — Po3noainy Hanpy:KeHHs B Mogeni rpyAo-nonepeKkoBoro Biaainy xpe6bra nicna
pesekuii xpebusa Th12 nig BnaMBom HaBaHTaXKeHHA Ha KpyyeHHA. TpaHcneauKynapHa

6 — Burnag 360Ky; B — BUrNAA 33a4y; r — rBUHTU.
Tabnauua 2 — Hanpy)KeHHA Nig, BNIMBOM HaBaHTaXKeHHA HA KPyUYeHHA
Yy Mogenax rpyao-nonepeKkoBoro Bigainy xpebra nicna pesekuii
Xxpebua Th12 3a pisHux BapiaHTiB TpaHcneaAuKyAapHoi dikcauii

¢i|(ca|.|,iﬂ KOPOTKMMU FTBUHTAMM 3 NONepeYHUMHU CTAXKKaMU: a — BUTNAL cnepeay,;

Hanpy»xeHHa, MIMNa

JocnigxkeHHAa Hanpy»keHo-gedop-
MOBAHOIO CTaHy Mofenein BUKOHY-
Ba/M 3 BUKOPUCTAHHAM METOAY CKiH-
YEHHUX enemMeHTiB. Kputepiem OLiHKMK
Hanpy)KeHoro cTaHy mogenei 6yno
HanpyXeHHs 3a Misecom [23]. Moge-
JIIOBAHHA BMKOHYBA/IM 32 AOMNOMOrOH
CUCTEMW aBTOMATM30BAHOIO MPOEKTY-
BaHHA SolidWorks (Dassault Systemes,
®paHuin). Po3paxyHKM HamnpyKeHo-
nedopmoBaHOro cTaHy mogenen 3ain-
CHIOBa/IM 3@ AONOMOTO MPOrpPamHoOro
Komnnekcy CosmosM [24].

Pe3ynbTatu gocnigyKeHHA Ta ix 06-
roBOpeHHsA.

Ha nepwomy etani pocnigxeHHsa
BMBYEHO Hanpy»xeHo-gepopmoBaHui
CTaH Mmogeni  rpyao-nonepekosoro
BigAainy xpebta nicna pesekuii xpebua
Th12 npu aii poTauiiiHOro HasaHTa-
XeHHA. [na TpaHcneguKynapHoi ¢ik-
cau,ii BUKOPUCTAaHO KOPOTKi rBUHTU 6e3
nonepeyHux CTaxKok. Ha puc. 3 306pa-
YKEHO PO3MOoAiN HAaNpPyXeHHA Y MoAeni.

Mpu KPYyTUABHUX HaBaHTaXKEHHAX
Ha MogZenb i3 TpaHCNeaAUKYNApPHOO
diKcalielo KOPOTKMMKU rBUHTaMK 6e3
nonepeyvyHMx CTAXKOK cnoctepiranu
MaKCMMaNbHE HaMpy)KeHHA B KiCTKO-
Bill TKAHWHI B AiNAHUI KOHTAKTy MiX
Tinamu xpebuis i Mi3KTiIOBOIO OMOpPOIO.
Haibinbwi 3HayeHHA HanpysKeHHA
(19,7 MnNa) 3adikcoBaHO Ha BepPXHii
noBepxHi xpebua L1, Toai AK Ha HUXKHIN
nosepxHi Tina xpebus Thll BennuunHa

KOHTPOIbHI TOUKM Mogenb 6e3 | Mogenbsi | HanpyseHHA cTaHoBWAa 6amM3bKo 10,0
CTAMOK | CTAKKAMA | M[Ma. Y Tinax xpebuis makcumanbHe
No 30Ha KOPOTKI | AOBTI [KOPOTKI| ACBT | 3 54yenng HanpyskeHHA (8,9 MTMa) 3a-
FBUHTU [FBUHTU| TIBUHTU [TBUHTU .. .
1 T 6us Tho 18 13 i3 13 peecTpyBanu B Tini xpebus L2, a mi-
i f“o Xpeoua ’ ’ ’ ’ HimanbHe (4,2 MMa) — B Tini xpebua
| 2 | |Tinoxpebua Thi0 53 | 46 | 49 | 42 | Thill. HaBKono diKcyBaNbHUX TBUHTIB
3 Tino xpebusa Th1l 4,2 4,3 3,7 3,8 | MaKcMManbHe HanpyXeHHs Big3Hade-
4 Tino xpebusa L1 7,6 7.7 6,4 6,5 | He B xpebui L1 (4,8 MMMa). I3 enemen-
5| | Tinoxpebus L2 8,9 8,8 8,5 8,4 | TIB MeTanesoi KOHCTPYKUii MixTinosa
6| Z Tino xpebus L3 86 87 63 71 onopa mana HanBulie 3Ha4YeHHA Ha-
— I npyskeHHa (66,4 MMa), Togi Ak dikcy-
| 7 | #[Tinoxpebuala 8,2 87 | 65 69 | BanbHi reunTM B xpebui Th10 — 24,2
8 | @ |Tinoxpebuals 49 | 45 | 44 | 42 | MMa,y xpebui L1 — 28,5 MMa. Takox
9| E ;‘rl:iﬂlHﬂ 3amuKanbHa NJacTMHKa xpebusa 109 | 11,7 | 10,1 | 10,5 | 3Ha4HWit piBeHb HanpyxkeHb (16,5 Ta
— = 19,2 MIMa) 3apeecTpyBanu Ha rBuMHTax
1_0 BepxHs 3aMUKanbHa NNacTUHKa xpebua L1| 19,7 19,0 | 18,0 17,8 y xpebuax L2 i Th11 signosigHo.
11 Bxig remHTiB y Ayry xpebusa Th10 2,7 24 | 23 1,6 BUKOpUCTaHHA A0BrMX TpaHcneam-
12 Bxiz reuHTIB Y Ayry xpebua Thll 3,9 4,2 2,7 2,9 KYNAPHWX rBUHTIB 6e3 nonepeyHux cTa-
13 Bxig rBuHTIB y Ayry xpebusa L2 4,8 5,2 4,5 49 HOK NPU HaBaHTAXKEHHAX Ha KPYHEHHA
14 Bxig rBuHTIB y Ayry xpebusa L3 2,1 2,3 1,7 1,6 npnssoAMTE A0 .HeSHaqur(.) SHUMEHHA
S, 22 1231 214 | 212 HanpyeHb y Tinax xpebuis rpyaHoro
15| = fBvHTv B Tini Xxpeobua ’ i 4 ’ BiA4iNYy, AKE KOMMEHCYETbCA He3Ha-
16 | | MBuHTY B Tini xpebua Thll 16,5 | 150 | 14,6 | 12,3 | yHum 36inblUEHHAM HaMpPyKeHb Y Tinax
— >
17 g MBUHTYM B Tini xpebua L1 28,5 | 28,1 | 251 | 24,7 | xpebuiB HWKHbOIO BigAiNy xpebTa
18| 3 | MBuHTK B Tini xpebus L2 192 | 18,7 | 18,2 | 173 | (puc. 4). MopisHAHO 3 MoAeNNtO TpaH-
=12 L
19| '@ | CTAXKM MK reuHTaMM B Tinax xpe6uis B _ )58 | 212 CNEANKYNIAPHOI dikcauji  KopoTKMMK
2 |Th10Ta Th11l ' ’ rBMHTaMM 3MiHa BE/IMYMHUN HAMNPYKEHb
20 g CTﬂL);(KM Mi¥X TBUHTAMM B Tinax xpebuis L1 _ _ 26,7 24,8 | HE qepesmw,ysana 5% Ak y KiCTKOBM)f,
— = ke TaK i B MeTaneBmx enemeHTax Moaeni.
21 MixTinosa onopa 66,4 66,3 | 62,9 | 61,2 B yCiX eflemMeHTax TPaHCNeanKyAAPHOI
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KOHCTPYKLT 3adikcyBanu He3HauyHe 364,33
3HUXKEHHA PIBHA HAMpPYXKeHHSA. m 10
[ocnigkeHo BRAMB nonepe- = 9
YHUX CTAXKOK Ha PO3MOAin Hanpy- | 8
KEHHA Y MoZeni rpyao-nonepeko- !
BOro BigAiny xpebta nicna peseku;i g
xpebua Th12 nig BnaAMBOM HaBaH- 4
Ta)KeHHSA Ha KpyyeHHsa (puc. 5). 3
AIK MoKasanu pesynbTatM Mo- 2
OentoBaHHA, BMKOPWUCTAHHA Mo- 1
NepeYyHmnx CTAMKOK Yy KombiHauii 3 a o B r 0

KOPOTKMMMW FBUHTAMM MpPU HaBaH-
TAQXKEHHAX HA KPYYEHHA 3HUXKYE
piBEHb HAMpPy)KEHHA B YCiX KOHTpP-
O/IbHUX TOYKax mogenei. Hanbinb-

PuUcyHOK 6 — Po3nogin HanpyKeHHA B Mogeni rpyAo-nonepeKkoBoro BigAiny xpe6bra nicna
pesekuii xpebus Th12 nia BnAMBOM HaBaHTaXKEHHA HA Kpy4YeHHA. TpaHcneauKynsapHa ¢ikcauisa
AOBrMMM rBUHTAMM 3 NONEPEYHUMMU CTAXKKAMU: a — BUIAZ cnepeay; 6 — Burnag 360Ky; B —

BUINAA 33a4y, r — rBUHT.

Wi 3mMiHM 3adikcoBaHO B eleMeHTax
TPAHCMEeAMKYNAPHOI  KOHCTPYKLi.
Tak, HanpysKeHHA B MIXKTINOBIN
onopi 3HMKyBanoca go 62,9 Ma,
Ha BepXHix GiKcyBanbHUX rBUHTaX —
00 21,41 14,6 MNa B xpebusx Th10
Ta Th1ll signosigHo. HanpyeHHnA
Ha BEPXHil i HUXKHIN CTAMKKax cTa-
HoBuno 25,8 ta 26,7 MMa Bigno- o
BigHO.

BukopucTaHHA nonepeyvyHmx
CTAMOK Y KOMbiHauii 3 goBrumu
bikcyBanbHUMU FBUHTAMM MpU po-
TALiMHWUX HaBaHTAXKEHHAX MPU3BO-

- = It
o o =1

Hanpymerna, MNa

wn
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B HOPOTKI rBUHTY Be3 cTAmoK @ JOBM rBUHTH Be3 CTAMOK

M KOPOTHI FBMHTH 31 CTAMKKAMMK

il I s,
12 13 14

HKOHTPOABH] TOHKM

AOBM FBMHTY 30 CTAMKAMKA

ANN0 A0 3HUXKEeHHA HanpyxXeHHA
B YCiX KOHTPO/IbHUX TOYKax mogeni

PUCYHOK 7 — BenMunHa HanpyXeHHs B KOHTPO/IbHUX TOUYKaX Ha KiCTKOBUX e/IeMeHTax MoAenei.

NOPIBHAHO 3 TPaHCMeAUKYAAPHOIO 70

diKcauielo 1O0BrMMK rBUHTaMK 6e3
CTAXOK (pUc. 6). MNOKa3HUKM Hanpy-
YKEHHA BYNN AeLo BULLMMMU, HIXK Y
moaeni TpacneanKynapHoi dikcauii
KOPOTKMMMK TBUHTaMWU 3 nonepe-
YHUMW CTAXKKAMU, ane pisHULA He
nepesuutysana 5%.

[aHi Npo BENMUYNHY HaMNPYKeH-
HA B YCiX KOHTPOJIbHUX TOYKAX MO-
Aenen 3a BCiX BapiaHTIB TpaHcne-
ANKyNApHOi dikcauii HaBegeHo B
Tabn. 2.

HanpyeHHa, MNa
L w 3 W &
Q o (= (=] Q

=
k=1

15 16 17 18 19 20 21

W KOPOTKI TBMHTY Ge3 CTAMOK M 0B rBMHTK Ge3 cTRmDR

B KOPOTHKI TBMHTK 30 CTAMKANMMH

KOoHTROABHI TO4YKKM

L0BC TBMHTK 31 CTAMKAMMK

MopiBHAHHA MOKa3HWKIB Ha-
NPY»XeHHA Nif, BNAWBOM HaBaHTa-
>KEHHA Ha KPYYEHHA Ha KiCTKOBUX
enemeHTax mogenei rpygo-none-
pekoBoro Biaainy xpebta nicna pesekuii xpebua Th12
3a pi3HWX BapiaHTIB TpaHcneanKynapHoi dikcauii (puc.
7) BUABMAO, WO HAWBiNbLWKIM BNIMB HA PO3MNOAIN Hanpy-
KEHb Y MOZenAx Mann NonepeyHi CTAXKKN, TOAI AK pi3-
HULSA MiXK KOPOTKMMU Ta LLOBIMMU FBUHTaMM Byna ayKe
HEe3Ha4YyHolo.

[iarpama, HaBeaeHa Ha puc. 8, fae 3mory nopis-
HATU BE/IMYMHW HAMpPYXKEHb Y KOHTPOJIbHMX TOYKAxX Ha
efleMeHTax MeTaneBMX KOHCTPYKLIA mogenei. AHani3
OaHUX OEeMOHCTPYE, WO CaMe MiXKTifioBa ornopa oTpu-
MYE HaBaHTa)KeHHSA, LLLO BiNbLL HiX B 2 pa3u NnepesBuLLye
TakKe, Wo GIKCYETbCA HA IHLWMX KOMMOHEHTaX iMNAaHTO-
BaHOI CUCTEMMU.

OTpuMaHi pe3ynbTaT 3araiom y3roaxylTbeca 3 Aa-
HUMU, HaBEAEHUMM Y HeUYMUCAEHHUX NybnikaLiax iHWmx
asTopiB. Tak, Y. Han i cnisaBT. Npy NpoBeAEHHI CXOXO0ro
3a AM3aliHOM HBiomexaHiYHOro MoAeItoBaHHA BUSABUIN,

PUCYHOK 8 — BennMunHa Hanpy»XeHHs B KOHTPONIbHUX TOYKaX Ha e/IeMEHTaX MeTaneBux

KOHCTPYKLiin mogeneid.

LLLO pOTaLifHi HaBaHTAXKEHHA CNPUYNHAIOTD GOPMYBaH-
HA MaKCMMaNIbHOTO HaMpyeHHA Ha enemeHTax Tinosa-
MIHHOT KOHCTPYKLLIT T KiCTKOBMX CTPYKTYpaX, WO 3 Heto
KOHTaKTytTb [25]. Take siBULLLE € OCHOBHOM MPUYMHOKD
nposabyBaHHA MiXKTiNOBOI ONopu Tina XpebLiB, CymixK-
HUX 3 pe3ekToBaHMM. M.M. Panjabi Ta cniBaBT. Ha nia-
CTaBi pe3ynbTaTiB BUBYEHHA BiomexaHiuyHOI cTabinbHOCTI
BUbyxoBUX nepenomiB ginaHku MM Ha KagaBepHomy
maTepiani BUABWAK, WO HaMBMPA3HIWOW € poTaLiiHa
HecTabinbHicTb [26]. MNopiBHAHO 3 iHWKWMMKM NaTepHamu
HaBaHTAXKEHHA POTaLiA AEMOHCTPYE BiAHOCHO HU3bKi
NMOKA3HMKN HaMpPYXeHHA fAK Ha TBMHTAX METa/IOKOH-
CTPYKLT, TaK i B 30HiI KOHTAKTy IBMHTA 3 HiXKKOKO Ayru
Xpebuis, WO NiaATBEPAKEHO iHWMMKM aBTOpamu [27, 28].

BucHoBKM.

OTpumaHi AaHi cBigyaTb, WO poTauiliHe HaBaHTa-
YKEHHs cTabinisoBaHoi AinsHKkM MM 3ymOBAOE MaKCH-
ManbHI MOKA3HMKM HAaNpPYXeHHA Ha Tifio3amiHHOMY iMmn-
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NIAHTaTi Ta 3aMMUKaNbHUX NAACTUHKaX XpebLiB, Lo 3 HUM
KOHTAKTYIOTb. 3aCTOCYBaHHA NONEpPeYHUX CTAXKOK 3abe3-
neyye AOCUTb 3HAYHE 3HUXKEHHA HAaBaHTAXEHHA fAK Ha
HaMBINbLW KPUTUYHUX AiNAHKAX MOAENI, TaK i B Liomy,
ONTUMI3YIHOUM PO3NOAIN HAaBaHTaXKeHHA. BUKopucTaHHA
6iKOPTUKANbHUX TPAHCNEAUKYNSPHUX TBUHTIB HE MAE
6iomexaHiYHO 3HaYyLOro BN/ANBY Ha OCHOBHI NOKa3HM-
KM HaBaHTaXKeHHA MOZENi, OCKIIbKWU MaKCMMasibHe 3HU-
YKEHHA HaBaHTaXXeHHA B OKPEMMUX KOHTPO/IbHUX TOUYKaX

Nnwe iHTEerpaTUBHUI aHani3 ycix MOXKAMBUX nNaTep-
HiB HaBaHTaXEHHA TPABMOBAHOIO XpebeTHO-pyxoBO-
ro CermeHTa 3 ypaxyBaHHAM MaKCUMaJIbHUX amMnAiTys,
[ACTb 3MOTY BM3HAUYUTU ONTUMANbHY XipypriyHy TakTu-
KY.

MepcnekTMBM NOAANBLUNX [OCNIAKEHD.

Moaanbli gocniarKeHHsa byayTb MPUCBAYEHi aHanisy
Hanpy*KeHo-A4edhOoPMOBaAHOIO CTaHy Moaenem 3a iHLWKMX

He nepesuLLye 5 %. Llet daKT pazom 3 ouiHKo Xipyp-
riYHMX PU3MKIB 3acTOCyBaHHA GIKOPTUKANbHOI dikcaLil
CTaBUTb MiZ, CYMHIiB AOLNbHICTb BUKOPUCTAHHA 3a3Ha-
YeHOT MeTOAMKM, NPUHANMHI LLLOA0 ONopy poTaLiiHOMY
HaBaHTaXXEHHIO.

HaBaHTaXeHb. Ha niacTtaBi KOMNAEKCHOI OLHKK 3 ypa-
XYBaHHAM KAiHIYHOI 3HAYyLLOCTi byae BU3HAYEHO ONTU-
ManbHUIM meTog ctabinisauii gna xipyprivHoro BTpyyaH-
HA, LLLO MOZE/NIOETLCA.
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Pe3tome. AKTMBHE BUKOPUCTaHHA Y K/iHIYHIN NPaKTULi TeNeCKONIYHUX TiN03aMiHHUX iMNAaHTaTIB Aa€ 3MOTY 3Ha-
YHOI MipO ONTMMI3yBaTU XipypriyHe NiKyBaHHA MepesiomiB AiNAHKU rPyao-NonepekoBoro nepexoay, npote 6io-
MeXxaHiYHi 0cobMBOCTI TaKoi cTabinisauii BUBYEHO HEAOCTATHbLO.

Mema. BU3HaunTK Hanpy*KeHo-aAedopMoBaHUIA CTaH MoAeni rpyao-nonepeKkoBoro Biadiny xpebra nicns pesek-
uii xpebusa Th12 3a pi3HMX BapiaHTIB TpaHCNeAnKynapHoi dikcalii nig BNAIMBOM pPOTaLLiAHOrO HaBaHTaXKEHHS.

06’ekm | Memoou 0ocnioreHHA. PO3pobieHO MaTeMATUYHY CKIHYEHHO-eIeMEHTHY MOAENb TPYA0-NonepeKo-
BOro Bigainy xpebta noanHu (xpebui Th9-Thll ta L1-L5, xpebeub Th12 BMaaneHo), a TaKOXK ypaxoBaHO MeTa-
JIOKOHCTPYKLT (MiXKTinoBa onopa i TpaHcneAMKynspHa cucTema cTabinisauii). Mogentosanu 4 BapiaHTV TpaHcne-
OVKYNapHOT diKkcaLii 3 BUKOPUCTAHHAM KOPOTKMUX GiKCyBaIbHUX Ta AOBIMX BIKOPTUKANIbHUX FBUHTIB, @ TAaKOX ABOX
nonepeyvHmx CTAXKOK i 6e3 Hux. JocniarKysanm HanpyxeHo-a4ebopMOBaHNIN CTaH MoAenen nig, BNAMBOM POTaLinHO-
ro HaBaHTAXKeHHSA, ANA Lboro Ao Tina Th9 xpebua npuKknaganv KpyTHUM momeHT 10 Hm.

Pe3ynemamu. MaKkcMMmanbHUIM piBEHb HANPYKEHHA NPU POTALLiIMHOMY HaBaHTaXeHHi MoAeni 3apeecTpoBaHO Ha
MiXKTiNOBIM onopi. BiH ctaHoBUB 66,4, 66,3, 62,9 Ta 61,2 MIa BignoBiAHO ANA Moaenelt 3 MOHOKOPTUKANbHUMM
rBUHTaMM 6€3 NoNepPeyYHUX CTANKOK, 3 BIKOPTUKANBHUMM IBUHTAMM 63 CTAMKOK, 3 MOHOKOPTUKAIbHUMMW FBUHTAMM Ta
CTAXKKAMM i 3 BIKOPTUKANbHUMM FTBUHTAMM Ta CTAKKaMK. [MiKOBi HaBaHTaXKeHHA Ha KiCTKOBUX CTPYKTypax 3adikcoBa-
HO Ha 3aMMKa/IbHUX MIACTUHKAX, LLLO KOHTAKTYIOTb i3 MiXKTiZI0BOK onopoto. A BepXHbOi 3aMUKaNbHOI MNIACTUHKU
xpebua L1 BoHu cTaHoBuan 19,7, 19,0, 18,01 17,8 MMa BignosiaHO A1A pO3rNAHYTUX MOAENEN, AN HUKHBOT 3aMu-
Ka/IbHOI NAacTMHKKM xpebua Th1l - 10,9, 11,7, 10,1 10,5 MMMa.

BucHosKu. OTpuMaHi pe3ynbTaTv A4eMOHCTPYIOTb, WO POTaLiiHe HaBaHTaXKeHHs CcTabinisoBaHoOl AiNAHKM rpyao-
NonepeKkoBOro Nepexoay 3yMOB/IOE MAKCUMAJIbHI MOKA3HUKM HaMNPYXXEHHA Ha Tin03aMiHHOMY iMniaHTaTi Ta 3a-
MUWKaNIbHUX MNACTUHKAX XPeObL,iB, O KOHTAKTYIOTb 3 HMM. 3aCTOCYBaHHA MOMEPeYHUX CTAXKOK 3abe3neyye JOCUTD
3HaYyHe 3HMXKEHHA HaBaHTAXKeHHA AK HA HAWBINbL KPUTUYHUX AiNAHKAX MOoAeni, TaK i y Lilomy, ONTUMI3youm pos-
NoAiN HaBaHTaXKeHHA. BUKopUCTaHHA BIKOPTUKANbHUX TPAHCMEAUKYNAAPHUX TBUHTIB HE Mae BiomexaHiYHO 3Hauy-
LLIOrO BMN/NBY.

Kntovosi cnoBa: rpyo-nonepeKkoBuin nepexis,; TpaBMaTUUHE YLLKOAKEHHA; TpaHCcneAnKynsapHa dikcauin; pesek-
Lin Tina xpebua; poTauiiHe HaBaHTAXKEHHSA.

BIOMECHANICAL CHARACTERISTICS OF THORACOLUMBAR JUNCTION UNDER ROTATIONAL LOADING AFTER
DECOMPRESSION-STABILIZATION SURGERY

Nekhlopochyn O. S., Verbov V. V., Cheshuk I. V., Karpinsky M. Yu., Yaresko O. V.

Abstract. The active utilization of telescopic vertebral body replacement implants in clinical practice has
significantly optimized the surgical treatment of thoracolumbar junction fractures. However, the biomechanical
peculiarities of such stabilization remain understudied.

Objective. To investigate the stress-strain state of the thoracolumbar region after the resection of the Th12
vertebra under various transpedicular fixation techniques subjected to rotational loading.

Materials and Methods. A finite element model of the human thoracolumbar spine (Th9-Th1l and L1-L5
vertebrae, with Th12 removed) was developed, including consideration of metallic constructs (interbody support
and transpedicular stabilization system). Four variants of transpedicular fixation were simulated, utilizing short
monocortical and long bicortical screws, with and without cross-links. The stress-strain state of the models was
analyzed under a rotational moment of 10 Nm applied to the Th9 vertebra.

Results. The maximum stress level during rotational loading was observed on the interbody support, measuring
66.4, 66.3, 62.9, and 61.2 MPa for models with monocortical screws without cross-links, bicortical screws without
cross-links, monocortical screws with cross-links, and bicortical screws with cross-links, respectively. Peak loads on
bone structures were recorded on the endplates in contact with the interbody support. For the upper endplate of
the L1 vertebra, they amounted to 19.7, 19.0, 18.0, and 17.8 MPa, and for the lower endplate of the Th11 vertebra
—-10.9, 11.7, 10.1, and 10.5 MPa in the respective models.

Conclusions. The obtained results demonstrate that rotational loading on the stabilized thoracolumbar junction
results in maximum stress on the vertebral body replacement implant and locking plates in contact with it. The use of
cross-links provides a significant reduction in loads on critical regions of the model, optimizing the load distribution.
The application of bicortical transpedicular screws does not exert a biomechanically significant influence.

Key words: thoracolumbar junction; traumatic injury; transpedicular fixation; vertebral body resection; rotational
loading.
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ANALYSIS OF THE RELATIONSHIP BETWEEN EXTRAGENITAL FACTORS

AND THE DEVELOPMENT OF GENITAL PROLAPSE IN WOMEN
Dnipro State Medical University (Dnipro, Ukraine)
banahevich1970@gmail.com

Genital prolapse continues to be a relevant gynecological issue, especially among older women. The importance
of proper planning and timely execution of surgical treatment in such cases becomes particularly significant.

The purpose of this study was to establish the relationship between extragenital pathology and the development
of genital prolapse.

A retrospective cohort study was conducted at Dnipro State Medical University, Department of Obstetrics and
Gynecology, from 2012 to 2022, involving 1989 patients.

Genital prolapse (GP) investigation found 4.5+0.2 concomitant extragenital pathologies, notably from intra-ab-
dominal pressure-related conditions like lung diseases. Cardiovascular issues (hypertension 21.7%, ischemic heart
disease 19.5%) were common, often with metabolic disorders. Connective tissue dysplasia (CTD) signs included foot
deformities (9.1%) and hernias (8.4%). Importantly, 76.3% of GP patients had systemic CTD. This underscores GP's
multifaceted nature and the importance of considering extragenital pathologies and CTD in assessment.

This investigation uncovered a diverse array of extragenital pathologies in genital prolapse (GP) patients, averag-
ing 4.540.2 conditions per patient. Elevated intra-abdominal pressure-related disorders, such as chronic obstructive
lung diseases and allergies, stood out as significant contributors to GP. Cardiovascular issues, metabolic disorders,
and connective tissue dysplasia (CTD) were also prevalent. Notably, 76.3% of GP patients displayed signs of systemic

CTD, underscoring its pivotal role in GP development.

Key words: vaginal surgery, implant, stress incontinence, genital prolapse, postoperative complications, vaginal

tissue.

Connection of the publication with planned
research works.

This work is a fragment of the scientific topic
“Development of new approaches to the diagnosis,
treatment and prevention of gynecological and obstetric
pathology”. State registration number 0118U001277.

Introduction.

Genital prolapse (GP)remainsarelevantgynecological
condition, and its prevalence among elderly women
ranks third among all diseases. Patients in this age
group do not always adhere to the proper timing and
approach to surgical rehabilitation, which can lead to
the recurrence of genital prolapse (RGP) and negatively
impact their quality of life. Numerous researchers
hypothesize that the main factors contributing to the
development of RGP are prolonged or excessive intra-
abdominal pressure and dystrophic changes in the
fascial-ligamentous apparatus of the genital organs
(FLAGO), which determine their anatomical position.
Researchers note that this process has a multifaceted
nature [1]. A significant portion of these factors, in a
certain way, is common to almost all women. However,
there is a lack of comprehensive studies in the literature

that would present a multifactorial analysis of the
causes of RGP development with an assessment of
their mutual influence. The absence of a holistic
approach to addressing this issue makes it impossible
to rationally identify risk groups for the occurrence of
RGP and determine effective ways to prevent it [2].
This has resulted in a high number of cases of recurrent
GP development after surgical intervention, with the
frequency of these recurrences ranging from 30% to
72% according to various authors [3].

The aim of the study.

Perform a detailed analysis of retrospective data
to more accurately determine the contribution of
extragenital pathology to the mechanism of genital
prolapse development.

Object and research methods.

On the clinical basis of the Department of Obstetrics
and Gynecology at the University of Dnipropetrovsk
Medical Academy, Ministry of Health of Ukraine, as well
as at the city center for plastic surgery in gynecology
at City Clinical Hospital No. 9 during the period from
2012 to 2022, a total of 1853 patients were examined
who had a recurrence of genital prolapse of degrees
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