METOAU TA METOAWKU / METHODS AND METHODOLOGIES

DOI 10.29254/2077-4214-2023-1-168-280-290
UDC 616.718.5/.6-001.5-089.813:613.65]:004.492](045)
'Stroev M. Yu., 'Berezka M. 1., 'Vlasenko D. V., 2Karpinsky M. Yu., *Yaresko A. V., ?>Karpinska O. D.

STUDY OF THE STRESS DISTRIBUTION IN THE MODEL OF THE TIBIA WITH
ITS FRACTURE IN THE LOWER THIRD WITH DIFFERENT OPTIONS OF OSTEOSYNTHESIS

UNDER CONDITIONS OF INCREASING BENDING LOAD
Kharkiv National Medical University (Kharkiv, Ukraine)
2sytenko Institute of Spine and Joint Pathology National Academy of Medical Sciences of Ukraine
(Kharkiv, Ukraine)
korab.karpinsky9@gmail.com

Fractures of the lower leg bones make up a significant part of the traumatism structure. In the Kharkiv region in
the period 2015-2018, lower leg fractures accounted for 19% of other traumatic injuries. More than 50% of compli-
cations after treatment of these fractures cause disability. The goal was to conduct a comparative analysis of the
stress-strain state of models of the tibia with its fracture in the lower third with different options of osteosynthesis
under the influence of bending load depending on the patient's weight. A tibial fracture in the lower third and three
types of osteosynthesis were simulated using an external fixation device (EFD), a periosteal plate and an intramedul-
lary rod. The models were loaded for bending with a force of 700 N, and 1200 N. Osteosynthesis with EFD and an
intramedullary rod decreased stress values in the fracture zone below the level of indicators for an intact bone. The
periosteal plate shows the highest stresses in the fracture zone and the distal tibial part. During osteosynthesis of
the EFD, the highest stress level is determined in the proximal part. The periosteal plate will experience the most sig-
nificant stresses than other metal structures. When using an intramedullary rod, the highest stress level on the fixing
screws is determined, the minimum — when using EFD. When using a periosteal plate, the stress level in the fracture
zone and the plate is equal to the strength limits of both tubular bones and stainless steel so that early loads can
cause a fracture of the plates and non-union of tibial fragments. Osteosynthesis using EFD and an intramedullary rod

ensures the lowest level of tension in the fracture zone.
Key words: lower leg, fracture, bend, osteosynthesis.
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Introduction.

Fractures of the lower leg bones make up a sig-
nificant part of the structure of injuries. From 2015 to
2018, closed fractures of the lower leg in the Kharkiv
region accounted for 19% of other traumatic injuries; in
Ukraine, this figure is 36%. More than 50% of complica-
tions are related to treating lower leg bone fractures,
leading to long-term disability [1, 2]. Today, orthopae-
dic traumatologists use the basic principles of operative
treatment of these fractures. Modern medical science
offers modifications of standard methods and innova-
tive options for the osteosynthesis of such injuries [3].
Due to its availability and relatively familiar technique of
execution, three stable methods of surgical treatment
are used in many medical institutions in Ukraine: exter-
nal fixation devices in various modifications, periosteal
osteosynthesis and blocking intramedullary osteosyn-
thesis. As the number of cases of traumatized patients
with diaphysis fractures of the lower leg in combination
with overweight or obesity has increased in the last few
decades, it was appropriate to conduct mathematical
modelling and analysis of the stress-strain state of mod-
els of the tibia in the case of a fracture in the lower third
with fixed options of osteosynthesis under the influence
of bending load depending from the patient’s weight [4,
5].

The aim of the study.

To carry out a comparative analysis of the stress-
strain state of models of the tibia with its fracture in
the lower third with different options of osteosynthesis
under the influence of bending load depending on the
patient’s weight.

Object and research methods.

The biomechanics laboratory of the Sytenko Institute
of Spine and Joint Pathology National Academy of Medi-
cal Sciences of Ukraine developed a basic finite-element
model of the human lower leg [6]. The model consists of
the tibia and fibula bones and the foot bones. All joints
between bone elements have a layer with the mechani-
cal properties of cartilage tissue.

On the base model, a fracture of the lower third of
the tibia and three types of osteosynthesis were simu-
lated using an external fixation device (EFD), perioste-
al plate, and an intramedullary rod. The gap between
bone fragments in the fracture zone was filled with an
element imitating interfragmentary regenerate. The ap-
pearance of models with a fracture in the lower third of
the tibia and various types of osteosynthesis are shown
in fig. 1.

In our study, the material was assumed to be ho-
mogeneous and isotropic. A 10-node tetrahedron with
a quadratic approximation was chosen as the final el-
ement. All the materials that made up the models
were given appropriate mechanical properties, such as
Young’s modulus and Poisson’s ratio. The mechanical
properties of biological tissues were chosen according
to the literature [7, 8, 9, 10]. The properties of metal
structures were selected following the technical litera-
ture [11]. Data on the mechanical characteristics of the
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materials used in the simulation are
given in table 1.

All models were tested under a
bending load of 700 N and 1200 N,
corresponding to the patient’s weight
of 70 and 120 kg. The feet of the mod-
els were rigidly fixed [12].

The maximum stress values were
determined in the proximal and dis-
tal fragments of the tibia, in the frac-
ture zone, in the metal structure, and
on the fixing screws to compare the
stress-strain state of the models. The
values of stresses obtained on osteo-

synthesis models were compared with those of a model

with an intact tibia [13].

The study of the models was carried out using the
finite element method. Mises stress [14] was used as a
criterion for assessing the stress-strain state of the mod-

els.

Modelling was carried out using the SolidWorks au-
tomated design system. Calculations of the stress-strain
state of the models were performed using the CosmosM

software complex [15].

Research results and their discus-
sion.

At the first stage of the work, the
stress-deformed state of the model
lower leg with a fracture of the tibia in
the lower third with various options
of osteosynthesis under the influence
of a bending load of 700 N was stud-
ied. Fig. 2 shows the stress distribu-
tion pattern in the model of the lower
leg with a fracture of the tibia in the
lower third and osteosynthesis of the
EFD.

When using EFD osteosynthesis
to treat fractures of the tibia in the
lower third and flexion loading of the
limb with a patient weight of 70 kg,
the maximum stress level of 8.5 MPa
is observed in the distal fragment of
the tibia. In the proximal section, the
stresses do not exceed 3.1 MPa. The
lowest stress level of 0.2 MPa is de-
termined in the fracture zone. The
device’s bending loads do not cause
critical stresses, determined at 131.0
MPa in the structural elements and
46.3 MPa on the extreme fixing rods.

Let’s consider the stress-deformed
state of the lower leg model with a
tibia fracture in the lower third and
osteosynthesis with a periosteal plate
under a bending load of 700 N, shown
in fig. 3.

During osteosynthesis with a peri-
osteal plate, the zone of maximum
stress shifts to the fracture zone,
where the stress reaches 128.5 MPa.
This indicator is critical because it ap-
proaches the strength limit of tubu-
lar bones, which is determined from
147.0 MPa to 239.0 MPa. The proximal

b

Figure 1 — Models of tibial fracture in the lower third with osteosynthesis:
a - EFD; b — periosteal plate; c — intramedullary rod.

Table 1 — Mechanical characteristics

of the model materials

Material Young’s modulus (E), P0|s§on s
MPa ratio, v
Cortical bone 18350 0,29
Spongy bone 330 0,30
Cartilaginous tissue 10,5 0,49
Interfragmentary 1,00 0,45
regenerate
Titan VT-16 1,1-105 0,2
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Figure 2 — Pattern of stress distribution in the lower leg model with tibial fracture
in the lower third and EFD osteosynthesis under a bending load of 700 N:

a —general view; b — fracture zone; c — section of the tibia.
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Figure 3 — Pattern of stress distribution in the lower leg model with a fracture of the tibia
in the lower third and osteosynthesis with a periosteal plate under a bending load of 700 N:

a - general view; b — fracture zone; c - section of the tibia.
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Figure 4 — Pattern of stress distribution in the tibia model with a fracture of the tibia in
the lower third and osteosynthesis with an intramedullary rod at a bending load of 700 N:

a —general view; b - fracture zone; c — section of the tibia.
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Table 2 — The value of the maximum stress in the
elements of the lower leg models in the case of a
tibial fracture with various options for osteosynthe-
sis at a bending load of 700 N

Stress, MPa
Part

norm EFD plate rod

proximal 1,5 3,1 2,1 1,6
distal 9,6 8,5 16,3 16,0
fracture zone 5,2 0,2 128,5 0,2
construction 131,0 575,8 260,0
screws/rods 46,3 23,1 23,3

tibia fragment registered the lowest stress level of 2.1
MPa. In the distal fragment, stresses are determined at
16.3 MPa. On the fixing screws, the tensions are higher
than during EFD osteosynthesis and are determined at
the mark of 23.1 MPa; the plate itself is subjected to sig-
nificant loads, as evidenced by the high level of stresses
—575.8 MPa. It is also a critical indicator, as the strength
limit of stainless steel is determined in the range from

500 MPa to 900 MPa. Therefore, there is a high prob-
ability of plate fractures.

In fig. 4 shows the stress distribution in the lower
leg model with a fracture of the tibia in the lower third
and osteosynthesis with an intramedullary rod under a
bending load of 700 N.

The model of the tibia with its fracture in the lower
third with osteosynthesis with an intramedullary rod
under the action of bending load provides the lowest
stress level of 0.2 MPa in the fracture zone, as well as 1.6
MPa in the proximal fragment of the tibia. In the distal
fragment, the stresses are much higher — 16.0 MPa. In
addition, relatively high stresses of 260.0 MPa occur on
the rod itself and the fixing screws — 23.3 MPa.

The data on the maximum stress values in the ele-
ments of the lower leg models in the case of a tibial frac-
ture with various options for osteosynthesis at a bend-
ing load of 700 N is presented in table 2.

Could be visually compared the stress values on dif-
ferent elements of the model of the lower leg with a
tibial fracture with varying options of osteosynthesis
under a bending load of 700 N using the diagram shown
in fig. 5.
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Osteosynthesis of the tibial bone
with a bone plate for fractures of the
diaphysis in the third middle shows
worse indicators of stress values
under bending loads, namely in the
fracture zone, where the intramed-
ullary rod and EFD ensure the stress
level to the zero mark. It is also worth
noting the highest level of tension on
the plate itself.

Let’s consider how models of os-

serewafrods

arod

teosynthesis of the tibia behave when

Figure 5 — Diagram of the maximum stress values in the elements of the lower leg modelsin fractured in the lower third with an

the case of a fracture of the tibia in the middle third with various options of osteosynthesis
under a bending load of 700 N: a — in bone tissue; b — in structural elements.

increase in the load to 1200 N, cor-
responding to the patient’s weight of

|

!

b c

120 kg. The stressed-deformed state
of the lower leg model with a fracture
of the tibia in the lower third and os-
teosynthesis of the EFD is shown in
fig. 6.

When using EFD osteosynthesis in
treating tibial fractures in the lower
third, an increase in the load on the
limb to 1200 N causes an increase in
the maximum stress level to 14.6 MPa
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Figure 6 — Pattern of stress distribution in the model of the lower leg with a tibial fracture
in the lower third and osteosynthesis of the EFD under a bending load of 1200 N:
a — general view; b - fracture zone; ¢ — section of the tibia.

in the distal fragment of the tibia. In
the proximal part, the stresses in-
crease to 5.3 MPa. In the fracture
zone, the magnitude of stresses also
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b

g

increases but remains at a relatively
low level — 0.3 MPa. A significant in-
crease in the stress level up to 224.5
MPa is observed on the EFD elements
and the extreme fixing rods — up to
79.4 MPa.

Figure 7 shows the stress-de-
formed state of the tibia model with a
fracture of the tibia in the lower third
and osteosynthesis with a periosteal

o
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Figure 7 — Pattern of stress distribution in the lower leg model with a tibial fracture in
the lower third and osteosynthesis with a periosteal plate under a bending load of 1200 N:
a — general view; b — fracture zone; ¢ — section of the tibia.

plate under a bending load of 1200 N.
Similar changes in the stress-strain
state occur in the model with osteo-
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synthesis with a periosteal plate. The
zone of most significant stress remains
at the fracture site, where the stress
reaches 220.2 MPa. The stresses in
the distal and proximal fragments
of the tibia increase to 3.6 MPa and
27.9 MPa, respectively. On the fixing
screws, the maximum stress values in-
crease to 39.6 MPa, and even greater

200
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stresses occur in the periosteal plate .
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— 986.9 MPa, which exceeds the

strength limit for stainless steel and

can be the cause of plate fractures.
At the last stage, we will consider

Figure 8 — Pattern of stress distribution in the lower leg model with a tibial fracture in the
lower third and osteosynthesis with an intramedullary rod under a bending load of 1200 N:
a - general view; b — fracture zone; c — section of the tibia.

the stress distribution in the model 200
of the lower leg with a fracture of
the tibia in the lower third and os-
teosynthesis with an intramedullary
rod under a bending load of 1200 N,
shown in fig. 8.

The model of the tibia with its
fracture in the lower third with osteo- ol
synthesis with an intramedullary rod
responds to an increase in the bend-
ing load up to 1200 N in the same way
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as the previous models by increasing
the stress level on all elements. Thus,
in the distal and proximal fragments
of the bone, the maximum stresses increase to 27.4
MPa and 2.7 MPa, respectively. In the fracture zone,
stresses increase but remain very low at 0.3 MPa. The
same is observed on the fixing screws, where the stress
level does not exceed 39.9 MPa. The stress in the rod
itself reaches 445.6 MPa.

Table 3 shows data on the values of the maximum
stresses in the model elements of the lower leg in the
case of a tibial fracture in the lower third with various op-
tions of osteosynthesis under a bending load of 1200 N.

For a more convenient compari-

Figure 9 — Diagram of the maximum stress values in the elements of the lower leg models in
the case of a tibial fracture in the middle third with various options of osteosynthesis under
a bending load of 1200 N: a — in bone tissue; b — in structural elements.

shows significantly worse stress level indicators in the
fracture zone and the distal part of the tibia. The highest
stress level is determined in the model with EFD osteo-
synthesis in the proximal part.

The graphs shown in fig. 11 demonstrate the depen-
dence of stress values in elements of metal structures
during osteosynthesis of a tibia with a fracture in the
lower third, depending on the patient’s weight.

In the same way as in bone tissue, in metal struc-
tures, the stress values are directly proportional to the

f

son of the stress values on various ele-
ments of models of the lower leg with

for osteosynthesis under a bending

5 FEY
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load of 1200 N, a diagram was con- ;
structed, shown in fig. 9. 1

When the load on the lower leg v
increases, osteosynthesis with a peri-
osteal plate shows the worst results
in terms of stress distribution in the
fracture zone.

For a visual representation of the
changes in stress values in the ele-
ments of the tibia during its fracture
in the lower third and various types of
osteosynthesis depending on the pa-
tient’s weight, the graphs are shown
in fig. 10.

As could be seen, changes in the
amount of stress in the bone tissue
depending on the patient’s weight
have a linear relationship. At the same
time, the EFD and the intramedullary
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rod reduce stress values in the frac-

ture zone below the level of indicators
for intact bone. The periosteal plate

Figure 10 — Graphs of the dependence of stress values in the model of the tibia with its
fracture in the lower third and various types of osteosynthesis on the patient’s weight:
a —in the proximal fragment; b — in the distal fragment; c — in the fracture zone.
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Table 3 — Values of the maximum stresses in the patient’s weight. The most significant stresses occur in
model elements of the lower leg in the case of a the periosteal plate. On fixing screws and rods, the high-
tibial fracture tibia in the lower third with various est stress level is determined when using an intramedul-
options for osteosynthesis at a bending load of lary rod, and the minimum —is when using EFD.
1200 N Conclusions.
Stress, MPa 1. The worst indicators of the stress level in the
Part fracture zone (from 128.5 to 220.2 MPa) and the metal
norm EFD plate rod structure (from 575.8 to 986.9 MPa) were determined
proximal 2,6 5,3 3,6 2,7 when using a periosteal plate. Since these indicators are
distal 16,5 14,6 27,9 27,4 equal to the indicators of the strength limits of both tu-
fracture zone 8,9 0,3 220,2 0,3 bular bones and stainless steel, early loads, in this case,
construction 2245 | 986,9 | 4456 can cause a fracture of the plates and not a fusion of
tibial bone fragments.
screws/rods 794 396 399 2. Osteosynthesis using EFD and an intramedullary

rod ensures the lowest level of ten-

- o sion (from 0.2 to 0.3 MPa) in the frac-
- / 55 / ture zone. But the advantage of the
S i 2 intramedullary rod is determined by

a0
e n / the twice lower stress level, both on

L n the rod itself and the fixing screws.
! m an % 00 1 v e " N w 00 10 10 PrOSpeCtS for further research.
Pt welait Feeprs el e Similar studies are planned for the
T s B osteosynthesis of femur fractures.
a b The research results contribute to the

optimal choice of osteosynthesis tools
Figure 11 — Graph of the dependence of the amount of stress in the elements of metal for b f f the | limb
structures and on the fixing screws in the model of the tibia with its fracture in the lower or bone fractures ot the lower limbs
third and various types of osteosynthesis on the patient’s weight: a —in the elements of the for overweight patients.
structure; b — on fixing screws and rods.
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OOCNIAMXEHHA PO3MNOAINY HAMPY}KEHb B MOAE/I BE/IMKOrOMIJIKOBOI KICTKM
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Bazomy YyacmuHy 8 cmpyKmypi mpasmamu3smy CKaAa0arome repesomu Kicmok 2ominku. B Xapkiscekili obnacmi
8 nepiod 2015-2018 pokis nepesomu 2ominku cknadanu 19% ceped iHWUX MpasmamuyHUX MowKooxeHs. binowe
50% ycknadHeHb nicns niky8aHHA Yux nepesnomie CrpuYuHAE 8uxio Ha iHeaniOHicmbe. Memoto 6ysn0 nposecmu
rnopieHAnbHUl aHAni3 HanpyxeHo-0eghopmosaHo20 cmaHy modenell 8esUK020MINKOBOI KicmKu npu ii nepesomi e
HUMCHIT mpemuHi 3 pi3HUMU 8apiaHMamu ocmeocuHme3y rio 8nausom 32UHAIbHO20 HABAHMAMX(EHHSA 3A/1eHCHO 8i0
saau nauyieHma. Modesno8anu rnepesnom 8es1UK020MiKO8OI KICMKU 8 HUMHI mpemuHi ma mpu munu ocmeocuHmesy
3 BUKOPUCMAHHAM anapamy 308HiWHb0I hikcauii (A3®), HakicmKosoi naacmuHu ma iHmpameoynapHO20 CMPUXHS.
Modeni HasaHmaxcysanu Ha 32uH cusnoro 700 H ma 1200 H. OcmeocuHme3 A3® ma iHmpameoynapHUM CMPUXCHEM
8e0ymb 00 3HUMCEHHSA 8eNUYUH HAMPYHEHb 8 30Hi NepesoMy HUMCHe PiBHA NMOKA3HUKI8 018 HEYWKOOHEHOI KICMKU.
Hakicmkoea naacmuHa nokasye Halisuwi HanpyxeHHs 8 30Hi nepeaomy i 8 ducmanbHoMy 8i00isni 8e1UKO20MinIKOBOI
kicmku. Mpu ocmeocuHmesi A3® gu3Hauyaemocsa Halisuwuli pieeHb HaAnpymeHsb 8 MPOKCUMAAbHOMY 8i00ini.
Hakicmkoea naacmuHa sunpobye Halibinbwi HanpyxeHHA 3a iHWi memasnesi KOHCMpPyKii. [Tpu 8UKOPUCMAHHI
IHMpPameoynAapHO20 CMPUIHHA 8U3HAYAEMbLCA Halisuwuli piseHb HaNpPy1eHs Ha IKCyoYUx 28UHMAX, MiHiManeHuUl
— npu sukopucmaHHi A3®. [pu 8UKOPUCMAHHI HAKICMKOBOI NAACMUHU pieeHb HAMpyxeHb 8 30Hi nepesomy ma
naacmuHi OopieHIOIOMb MOKA3HUKAM MeXi MiyHocmi i mpybyacmux Kicmok, i Hepxaegitoyoi cmani, momy paHHi
HABAHMAMCEHHA MOXCYMb CMamu Npu4uHOO Nnepeaomy naacmuH, i He 3poueHHsA hpazMmeHmie 8esUKO20MinKosor
Kicmku. OcmeocuHme3s 3a 0ornomozoto A3® ma iHmpameoyaapHUM cmpuxcHem 3abesneqye HalHUMYill pieeHb
Harnpyau 8 30Hi nepesomy.

Knrouoei cnosa: comisnka, rnepesiomMm, 3eUH, ocmeocuHmes.
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JocnigseHHs Oynin BWMKOHaHi B
pamkax HOP «Po3pobutn Komniekc
MeANKO-OpraHis3auinHux  3axodis 3
YOOCKOHANEHHA CUCTEMMW Me[UYHOT
O0MOMOrM NOCTPaXKAa MM B AOPOXK-
HbO-TPAHCMOPTHUX MPUrOAAX», HOMEP

aepxpeectpauii 0121U111742.
Bcryn.

Mepenomu KiCTOK TFOMINIKU CKNa- PucyHok 1 — Mopgeni nepenomy BeZIMKOrOMiZIKOBOT KiCTKU B HUXKHI TPETUHI
[aloTb BaromMy YacTMHY B CTPYKTYpi 3 ocTeocuHTe30M: a — A3®; 6 — HaKiCTKOBa NAACTUHA; B — IHTPaMeAyNAPHUI CTPUNKEHD.

Tabnuua 1 — MexaHiuHi XapaKTepucTuKu
martepianis, AKi y mogentoBaHHi

TpaBmaTtmnamy. 3a nepiog 2015-2018 pokis 3akpuTi ne-
penomu rominku B XapKiBcbkii obnacTi cknagann 19%
cepeq, iHWKUX TPAaBMATUUYHMX MOLUKOAMEHb, B YKpaiHi
Lei NoKasHUK gopiBHoe 36%. binbwe 50% ycKknagHeHb
noB’A3aHi 3 /liKyBaHHAM MepesiomiB KiCTOK FOMIfIKK, LLO
CNPUYMHAE BUXIA Ha TpuBany iHeanigHicte [1, 2]. Ha
CbOrogHi  opTONeAn-TPAaBMATONIOTM  BUKOPUCTOBYHOTb
6a30Bi NPUMHLUNKN ONEPATMBHOIO NliIKYBaHHA LWUX nepe-
JIOMiB, @ CydyacHa MmeAMYHa HayKa NPOMOHYE He TibKK
moamndikaLii cTanux MeToAiB, @ TaKOXK iIHHOBALLMHI Ba-

BaHHA anapaTiB 30BHilWHbOI ¢ikcaLii
B pi3HMX MogudikaLiax, BUKopUC-
TaHHA HaKiCTKOBOrO OCTEOCUHTE3Y Ta

piaHTX OCTEOCUHTE3Y TaKMX Tpasm [3].
3aBAAKM CBOI AOCTYNHOCTI Ta BiAHOC-
HO 3BMYHIM TEXHIL|i BUKOHAHHA B bara-
TbOX JNliKyBaNbHUX 3aKnagax YKpaiHu
BMKOPUCTOBYIOTb 3 CTa/lIMX MeToau
onepaTMBHOIO JliKyBaHHA: 3acToCy-

a

BNOKYOUNI IHTPaMeayNAPHUIN ocTeo-

. Mogaynb tOHra (E), KoediuieHT
LA MMa [yaccoHa, v
KopTuKkanbHa KicTka 18350 0,29
[ybyacTa KicTKka 330 0,30
XpAwoBa TKaHUHa 10,5 0,49
Mixynamkosui 1,00 0,45
pereHepat

TuTaH BT-16 1,1-105 0,2
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cnHTe3. OCKiIbKM B OCTAHHI AEeKiNbKa

PucyHOK 2 — KapTuHa po3noginy HanpyKeHb B MOAENi FOMINKK Npu nepenomi

[ecaTUNiTb  36inblKnack  KiNnbKicTb BE/IMKOrOMINIKOBOT KiCTKM B HUXKHili TPeTUHI Ta octeocuHTesi A3® npu 3ruHanbHOMY
BVII'Ia,EI,KiB TpaBMOBaHMX i3 nepeno- HaBaHTaXKeHHi 700 H: a — 3aranbHuii BUrNaA; 6 — 30Ha nepenomy; B — nepepis
BE/INKOTOMINIKOBOT KiCTKM.

mMamu giadiza rominkm B KombiHaLil

NIOMi B HUXKHIN TPETUHI 3i cTannmm Ba-
piaHTaMu ocTeocMHTe3y nig, BNIMBOM
3rMHANIbHOTO HaBaHTAXKEHHA 3a/ex-
HO Bif, Barv nauieHTa [4, 5].

3 HAAMIPHOO Barok YM OXKUPIHHAM,
6yn0 foLiNbHO NPOBECTU MaTeMaTUY-
He MOZE/It0OBAHHA Ta aHani3 Hanpyxe-
HO-A4edOpPMOBaHOro CTaHy Moaenemn
BEJINKOTOMINIKOBOI KiCTKM Npu ii nepe-

a

MeTta gocnigKeHHs.
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|
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s
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MpoBecT MOPIBHANBHUI aHani3 PucyHok 3 — KapTuHa po3snoginy Hanpy»eHb B MoAe i FOMiNIKA Npu nepenomi
HanpyeHo-aepopmMoBaHOro  CTaHy BE/INKOTOMINKOBOT KiCTKW B HUXKHIili TPETUHI Ta OCTEOCUHTE3i HaKICTKOBOIO NIACTMHOIO

MmoZenei BENMKOTOMINIKOBOI  KiCTKM
npu ii nepenomi B HUMKHIA TPeTUHI 3

B — Nepepi3 BE/IMKOrOMiNIKOBOI KiCTKM.

nNpu 3ruHaZIbHOMY HaBaHTaXKeHHi 700 H: a — 3aranbHuit BUrnag; 6 — 3oHa nepenomy;

«IHcTUTYT natonorii xpebTa Ta cyrno-
6is. im. npod. M.l.Cutenko HAMH
YKpaiHn» po3pobneHo 6a30By CKiH-
YeHO-eNeMEHTHY MOZE/b FOMISIKK

pPi3HMMM BapiaHTaMM OCTEOCUHTE3Y
nia, BN/JMBOM 3rMHa/NbHOrO HaBaHTa-
*KEHHSA 3a/1eXHO0 Bif Barn nauieHTa.
O6’eKT i meTOaU AoCNiAXKeHHA.
Y nabopatopii b6iomexaHiku OY
a

noguHn [6]. Mogenb cknagaetbea 3

6

!
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(=}

O = oWk U~ W
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BE/IMKOTOMIZIKOBOI i MaJsiorOMifIKOBOI PucyHOK 4 — KapTuHa posnoainy Hanpy»eHb B MOAEAi FOMIZIKM NPy nepenomi
KICTOK Ta KicTok ctonu. Yci cyrn06M BE/IMKOrOMi/IKOBOI KiCTKM B HUXKHI TPETUHI Ta OCTEOCUHTE3I IHTPaMeAYyNAPHUM CTPUXKHEM

MiXK KICTKOBUMW enemeHTamu MatoTb

B — Nepepi3 BE/IMKOrOMiNKOBOI KiCTKM.

npu 3rMHanbHOMY HaBaHTaxeHHi 700 H: a — 3arasnibHuii BUrAgA; 6 — 30Ha nepesomy;
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Wwap i3 MexaHiYHMMWN BNACTUBOCTAMM XPALLOBOT TKAHW-
HU.

Ha 6a308ili mogeni imiTyBann nepesom BeNMKOro-
Mi/IKOBOI KiCTKM B HUMKHI TPETUHI Ta TPM TUMNKU OCTeOo-
CMHTE3Yy 3 BUKOPWUCTAHHAM anapaTy 30BHIilWHbOI ¢iKca-
uii (A3®), HaKiCTKOBOI MAATUHM Ta iHTPameaynspPHOro
CTPUXKHA. NPOMIXKOK MiXK KICTKOBMMM y1aMKaMK B 30Hi
nepenomy 6yB 3aNoBHEHUI €1EMEHTOM, LLLO iIMITYE MiX-
YNaMKOBUI pereHepaT. 30BHiLLHil BUA moaenen 3 ne-
PENOMOM Y HUXKHIN TPETUHI BEJIMKOFOMIIKOBOI KiCTKM Ta
Pi3HMMKM BUAAMM OCTEOCUHTE3Y NOKa3aHi Ha puc. 1.

Y Hawomy [OoCnigXKeHHi maTepian BBaXKaBCA OAHO-
PiAHUM Ta i30TPONHUM. AK KiHLEBWUI enemeHT, byB 06-
paHuin 10-By310BMiA TeTpaeap 3 KBAZPATUYHOK anpoK-
cMmauiero. Yci maTepianm, 3 AKMX CKAaganmca mogeni,
ofeprKanu BiANOBIAHI MexaHiYHi BNAaCTMBOCTI, TaKi AK
moaynb npyxHocTi KOHra Ta KoediuieHT MNMyaccoHa. Me-
XaHi4YHi BNacTMBOCTI 6ioNoriYHMX TKAHWH Byno obpaHo
3rigHo 3 nitepatypoto [7, 8, 9, 10]. BnactmBocTi meTa-

Tabnuuysa 2 — BenMunHa makcumanbHoi Hanpyru
B e/leMeHTax mogenei romifiku npu nepenomi
BE/IMKOroOMi/IKOBOIi KiCTKM 3 Pi3HUMM BapiaHTamum
OCTEOCUMHTE3Y NPU 3rMHA/IbHOMY HaBaHTaXKeHHi
sennuuHoto 700 H

Hanpy»keHHAa, MIMa
Bipain
Hopma A3 NAacTUHa | CTepXKeHb

NPOKCUMaNbHU 1,5 3,1 2,1 1,6

ANCTaNbHUI 9,6 8,5 16,3 16,0
30Ha nepesnomy 5,2 0,2 128,5 0,2

KOHCTPYKLiA 131,0 575,8 260,0
TBUHTU/CTPUNKHI 46,3 23,1 23,3

JIOKOHCTPYKLiM 6yno obpaHo BiAMOBIAHO 4O TEXHIYHOI
nitepatypu [11]. aHi Npo MexaHiyHi XapaKTepucTuKkn
MaTepianis, WO BUKOPUCTOBYIOTHCA B MOAENIOBAHHI Ha-
BeeHi B Tabn. 1.

140 o0

HanpyseHia, MNa

5 &8 38 B 8
Hanpyowerin,

g % B g

]

500
= 4m0
mw I
e mumll o . . [ J——

Bci mogmeni pocnigkyBann nig,
BMN/JIMBOM 3rMHA/IbHOTO HABAHTAXKEH-
HA 700 H T1a 1200 H, wo Bignosigae
Ba3i nauieHta 70 ta 120 kr. Crony
mogenein byno KOpCTKO 3aKpinaeHo
[12].

[nA nopiBHAHHA HanpyXeHo-Ae-

i ' s Ll dbopmoBaHOro cTaHy mopenei Bu-

Bigainmoneni Bigain megeni .
3HaYa/M  MaKCUMasbHi  3HAYeHHA
WHOOME WAID ENACTHHS W CTOMHEHE BAID EnAMTAHE B CTpEMENh Harlpy)KeHb y npOKCMMaanOMy Ta
: 6 AMCTanbHOMY dparmeHTax BeanKo-

rOMINIKOBOI KiCTKM, Y 30HI nepenomy,

PucyHOK 5 — [liarpama MaKCMManbHUX 3HaU€Hb HanpyXeHb B enemeHTax mogenei rominkm Y MeTaneBin KOHCTPYKLT Ta Ha dikcy-

npu nepesomi BeIMKOrOMiNIKOBOT KiCTKU B cepefHii TPeTUHi 3 pisHMMM BapiaHTamm
OCTeOCUHTE3Y Nifg 3rMHaIbHUM HaBaHTAaXKeHHAM BenuuunHoto 700 H:
a — B KiCTKOBIli TKaHUHI; 6 — B e1emeHTax KOHCTPYKLii.

OUYMX FBUHTaX. BennuynHm HanpyKeHb
OTPUMAHUX HA MOAEeNAX 3 OCTEOCUH-

114

6

TE30M MOPIBHIOBAAN 3 BEJANYMHAMM
HanpyKeHb MoAeNi 3 HeYLIKOAKEHO
BE/IMKOrOMINKOBOIO KicTKoto [13].
JocnigxeHHA mogenein nposoau-
I METOLOM CKiHYEHUX eleMeHTiB. AK
KpUTEpil OUiHKM HanpyrKeHo-aedop-
MOBaHOro CTaHy MoZefiel BUKOpUC-
TOBYBasiaca Hanpyra 3a Misecom [14].
MogentoBaHHA NPOBOAMAN 33 [0-
NMOMOTOK CUCTEMWM aBTOMATU30BaHO-
ro npoektyBaHHs SolidWorks. Pospa-

200
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PucyHoK 6 — KapTuHa po3noginy Hanpy»KeHb B MOAENi FOMiNKK Npu nepenomi
BE/IMKOTOMINIKOBOI KiCTKU B HUKHIN TPeTUHI Ta ocTeocuHTesi A3® nig 3ruHanbHUM
HaBaHTa)KeHHAM 1200 H: a — 3aranbHuii Burnag; 6 — 3oHa nepenomy;

B — nepepi3 Be/IMKOrOMiZIKOBOT KiCTKM.

XYHKM  Hanpy»eHo-gedopmoBaHoOro
CTaHy MoZenelt BUKOHaHi 3 BUKOpPUC-
TAaHHAM  MPOrPamMHOro  KOMMJIEKCY
CosmosM [15].

Pe3ynbtatv pocnipgeHHA Ta ix

]

0

o6roBopeHHs.

Ha nepwomy etani pobotn Bu-
BYa/IM  HanpyxeHo-gedbopmMoBaHUM
CTaH FOMINIKM MoZeNi 3 nepesomMmom
BE/IMKOTOMIZIKOBOT KiCTKM B HWXKHIl
TPETUHI 3 pi3HMMM BapiaHTaMM OCTeo-
CUHTe3y nif, BNAMBOM 3rMHA/NIbHOTO
HaBaHTaxeHHA 700 H. Ha puc. 2 Hase-
[EeHa KapTuMHa po3noainy Hanpy*KeHb
B MOZEeNi TOMINIKM Npu nepenomi Be-

W= P
oo
=]

O = MNW s O~

PucyHoK 7 — KapTuHa po3noginy Hanpy»eHb B MOAe/i FOMiIKU Npu nepenomi
BE/IMKOrOMi/IKOBOT KiCTKM B HUXKHIl TPETUHI Ta OCTEOCUHTE3I HAKICTKOBOIO NNACTUHOO Nij,
3rMHaNbHUM HaBaHTaXKeHHAM 1200 H: a — 3aranbHuii Burnag; 6 — 3oHa nepenomy;

B — nepepi3 Be/IMKOroMiZIKOBOI KiCTKM.

JIMKOTOMINKOBOI KiCTKM B HUXKHIl Tpe-
TUHI Ta ocTeocnHTesi A3D.

Mpn BUKOPUCTAHHI OCTEOCUHTE-
3y A3® npu nikyBaHHI nepenomis
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BE/IMKOTOMINIKOBOI KiCTKM B HUMKHIN
TPeTUHi Ta 3rMHANbHOMY HaBaHTa-
YKEHHI KiHUiBKK Baroto nauieHta 70 Kr
MaKCUMMaNbHUMA piBeHb Hanpyrn 8,5
MTMa cnocTepiraeTbca B AMCTasIbHOMY
dparmeHTi BEIMKOTOMINKOBOI KiCTKW.
Y npoKkcMmanbHOMYy Bigaini Hanpyru
He NepeBuLLYOTb No3Ha4kn 3,1 Mrla.
HalHu»Kunit piBeHb Hanpy»eHb 0,2
MTMa BM3HAYAETLCA B 30HI Nepenomy.
Ha camomy anaparty 3rMHasibHi HaBaH-
TAXEHHA He BUKIMKAIOTb KPUTUUYHUX
Hanpy>eHb, fAKi BU3HAYalOTbCA Ha
piBHi 131,0 MlNa B enemeHTax KOH-
CTPYKLi i 46,3 MIa Ha KpaiHix dikcy-
HOUMX CTPUIKHAX.

Po3rnaHemo HanpyeHo-gedop-
MOBaHWI CTaH MOZENi TOMINIKK 3 ne-
penoMoM BEe/IMKOTOMINIKOBOI KiCTKU B
HUXKHIN TPETUHI | OCTEOCUHTE30M Ha-
KICTKOBOIO M/IACTUHOIO NPU 3rUHaNb-
HOMY HaBaHTaXKeHHi BeanumnHoto 700
H, AKni1 HaBeZeHo Ha puc. 3.

Mpn oOCTeOCUHTE3I HaKiCTKOBOKO
NJaCTUHOK 30HA MAKCUMMaNbHUX Ha-
Npy»eHb 3MILLYETbCA B 30HY nepe-
NOMY, Ae Hanpy»XeHHA caratoTb 128,5
MnMa. JaHni NOKA3HUK € KPUTUYHUM,
TOMY WO HabAUKAETLCA A0 MEXKi Mill-
HOCTI TpybyYacTUx KiCTOK, AKa BM3Ha-
YyaeTbcA B mexax Big 147,0 MMa po

3apEECTPOBaHUI Yy NPOKCMMAIbHOMY dparmeHTi Beau-
KOrOMINIKOBOT KiCTKU. Y AncTasibHOMY dparmeHTi Hanpy-
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PucyHok 8 — KapTuHa po3noginy Hanpy»KeHb B moge/i FoMiZIKu npu nepenomi
BE/IMKOrOMINIKOBOT KiCTKU B HUXKHili TPETUHI Ta OCTEOCUHTE3I iIHTPaMeAyAAPHUM CTPUKHEM
nig 3ruHanbHUM HaBaHTaXKeHHAM 1200 H: a — 3aranbHuii Burnag; 6 — 3oHa nepesnomy;

B — Nepepi3 Be/IMKOroMiZIKOBOI KiCTKW.

Hanpynoenn, MMa

0p) —————

1200,0

1000,0

Hanpysenna, MMNa

a0
6000
40,0
mm B E = 00 . I e —

NPOKEHMAN LM AMCTANEHME 30HA DEPENOMY HOHCTRYHLIA TRMHTH TR
Bianinmoageni Elgain mogeni
WHOME WAID B AASCTHHA B CTRIOREHE BAD mnnacTHHA B CTRRMEHD

PuUcyHOK 9 — [liarpama MakCMManbHUX 3Ha4YEeHb HaNpyKeHb B e1eMeHTax Mogenei rominku
npu nepenomi BeIMKOromMiNIKoBOi KiCTKM B cepeHili TPeTHHi 3 pisHUMM BapiaHTamu
OCTEOCUHTE3Y Nif 3rMHa/IbHUM HaBaHTaXKeHHAM BeainunHoto 1200 H: a — B KicTKOBI

TKaHWHI; 6 — B elemeHTax KOHCTPYKL;i.

[aHi npo MaKkcMMasibHi 3HAa4YEHHA HaMpy»XeHb B ene-
239,0 MMMa. HaiiHnxumit piseHb HanpyskeHb 2,1 MIMa  MeHTax mogenei romisiku npu nep

YKeHHA BM3HaualoTbCA Ha piBHi 16,3 MMa. Ha dikcytounx  cTaBneHi B Tabn. 2.
rBMHTAX HaNpPyXeHHA BULLLE, HiX Npu ocTeocnHTe3i A3D, Hao4yHO NOpPIBHATM 3Ha4yeHHA

i BU3Ha4yatoTbCcA Ha no3Hayui 23,1 Mla, ane cama nnac-
TMHA 3a3HA€E 3HAYHWX HaBaHTaXeHb, MPO WO CBIAYUTb

BMCOKWUIN piBEHb Hanpy»KeHb — 575,8
MMa. Le Texx € KpUTUYHMM NOKa3HU-
KOM TaK, IK MeXa MILHOCTI HeprKaBi-
I0Y4Oi CTa/li BU3HAYAETLCA B MEXaX Bif,
500 MMa go 900 MMMa. Tomy BUCOKa
iMOBIpHICTb Mepenomis NAacTUHU.

Ha puc. 4 BisobpaxkeHo posnogin
HanpyXeHb B MOAeni TOMINKU npu
nepenomi BE/IMKOrOMINKOBOI KiCTKM
B HWKHiA TPeTWMHi Ta OCTEeOCUMHTESI
iHTpameayNAPHUM CTPUXKHEM Nif 3rK-
Ha/IbHUM HaBaHTAXKEHHAM Ben4u-
Hoto 700 H.

Mopgenb BeNMKOroMiIKOBOI KiCTKM
npu ii nepenomi B HUXKHI TPEeTUHI 3
OCTEOCUHTE30M  iHTpaMeZynApHUM
CTPUXKHEM Nig, AIEH0 3TMHANBHOMO Ha-
BaHTa)KeHHA 3abe3nevye HalHUKUYNI
piBeHb Hanpy»xeHb 0,2 MIa B 30Hi ne-
penomy, a Takox B NPOKCUManbHOMY
dbparmeHTi BENMKOTOMINIKOBOI KiCTKM
—1,6 MMa. B guctanbHomy pparmeH-
Ti Hanpy»eHHA 3HayHo Buwi — 16,0
MMa. [ocuTb BMCOKI HanpyXeHHA
260,0 MMa BMHMKAIOTL i Ha camomy
CTPUKHI, @ TAKOX Ha rBUHTaX, WO diK-
cytoTb, — 23,3 MlNa.

€/10Mi BE/IMKOroMin-

KOBOI KiCTKM 3 Pi3HUMW BapiaHTammM OCTEOCUMHTE3Y Npu
3rMHa/IbHOMY HaBaHTa)KeHHi BennumHoto 700 H npea-

HanpyrM Ha PpisHKX

efleMeHTax MoZeni TOMifIKM 3 nepesioMOM BesIMKOro-
MIZIKOBOI KiCTKM 3 Pi3HMMM BapiaHTaMM OCTEOCUHTE3y
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PucyHok 10 — Mpadiku 3aneXHOCTi 3HaYeHb HanpyXeHb B MOAE/i BE/IMKOTOMINIKOBOI KiCTKK
npu il nepenomi B HUXKHil TPETUHI Ta Pi3HMX BUAAX OCTEOCMHTE3Y Bif Baru nauieHTa:
a — B NPOKCMManbHoMy ¢pparmeHTi; 6 — B AucranbHomy pparmeHTi; B — B 30Hi nepenomy.
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Tabnuusa 3 — BenMunHu MmaKcMManbHUX HanpyXeHb
B e/leMeHTax mogeneid romifiku npu nepenomi
BE/IMKOTOMIZIKOBOI KiCTKU B HUKHIWU TPETUHI
3 pi3HMMM BapiaHTaMK OCTEOCUHTE3Y NpU
3rMHaZIbHOMY HaBaHTaXKeHHi sBennumnHow 1200 H

AHanoriyHi  3MiHM  HanpyXeHo-AedOPMOBaAHOrO
CTaHy BigbyBalOTbCA i B MOAENi 3 OCTEOCMHTE30M Ha-
KICTKOBOIO M/1IaCTMHOM. 30Ha HaMbINbWIMX HAMNpPY*KEHb
3a/IMWAETLCA HA AiNAHUI Nnepenomy, Ae Hanpy*KeHHA
cAratoTb No3HayvkKn 220,2 MMMa. Hanpy»KeHHA B AUCTaNb-
HOMY Ta MPOKCMMasibHOMY dparmeHTax BesIMKOroMin-
KOBOI KIiCTKM nigsuytotbea go 3,6 Mlla ta 27,9 Mla
BiANOBiAHO. Ha ¢iKCyoUMX rBMHTAX MaKCMMaibHI 3Ha-
YeHHA HanpyKeHb 3pOCTalOTb 40 NO3Ha4vkM 39,6 MIla,
e 6inbli Hanpy»eHHs BUHMKAIOTb Yy HaKiCTKOBIl niac-
TUHI — 986,9 MIa, WO BMXOAMTb 338 MEXKY MILHOCTI AnA
Hep»KaBito4oi cTai, i MoXKe ByT1 NPUYMHOID Nepesiomis

Ha octaHHbOMY eTani po3rnaHeMO po3noAin Hanpy-
YXEHb B MOAE/i TOMIJIKM Npu nepesno-

Biaain Hanpy»keHHsa, MIMa
Hopma A3® |[nnacTuHa|CTEepPsKEHb.

NPOKCUMaNbHUI 2,6 5,3 3,6 2,7

ANCTaNbHUIN 16,5 14,6 27,9 27,4
30Ha nepesiomy 8,9 0,3 220,2 0,3

KOHCTPYKLLiA 224,5 986,9 445,6 NAacTUHWU.
TBUHTU/CTPUKHI 79,4 39,6 39,9
1200 %0

Mi BE/IMKOTOMIZIKOBOT KiCTKM B HUXKHIl
TPETUHI Ta OCTEOCUHTE3i iHTpameay-
NAPHUM CTPUXKHEM NPU 3TMHA/IbHOMY
HaBaHTaXeHHi BennuuHoto 1200 H,
HaBeAeHe Ha puc. 8.

Mopgenb BeNMKOromiIKoOBOI KiCTKM
npu ii nepenomi B HUXKHI TPEeTUHI 3
OCTEOCUHTE30M  iHTpamenynsipHUM
CTPUXKHEM pearye Ha nNiaBULEHHA
3rMHAY0ro HaBaHTaxkeHHA o 1200
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PucyHoK 11 — Fpadik 3aneKHOCTi BEIMUUHU HANPYKEHb B €1eMEeHTaX MEeTa/IOKOHCTPYKLiH
Ta Ha QiKCYIOUNX FBUHTAX Y MOZeE/i BEIMKOrOMIIKOBOI KiCTKM Npu ii nepenomi B HUXKHI
TPETUHI Ta Pi3HUX BUAIB OCTEOCUMHTE3Y Bif, Baru NawieHTa: a — B e/IeMeHTaxX KOHCTPYKLT;

6 — Ha iKCYIOUMX FBUHTAX Ta CTPUNKHAX.

npw 3rMHato4oMy HaBaHTaXKeHHi 700 H moxHa 3a gono-
MOTFOI0 Aiarpamm, HaseZeHoi Ha puc. 5.

OcTeocrHTEe3 BEIMKOTOMI/IKOBOI KiCTKM HAKICTKOBOIO
NAacTUHO Npu Nepenomax giadisa B cepeaHilt TPETUHI
[EMOHCTPYE TipLli NOKAa3HWKN BENIMYUH HANpPYXKeHb Npu
3rMHANIbHUX HAaBAHTAXKEHHAX, @ CaMe B 30Hi nepenomy,
TaMm, ge iHTpameaynapHuin ctpukeHs i ABD 3abesneuy-
I0Tb PiBEHb HAMpPyXeHb 40 HYAbOBOI MNO3HA4yKW. BapTo
BiA3HAYMTM | HAMBULWLNIA piBEHb HANPYIM HA camii naac-
TUHI.

Po3rnaHemo, AK NoBOAATLCA MOAENi OCTeOCUHTe-
3y BE/IMKOFOMINIKOBOI KiCTKM Npw ii nepesiomi B HUMKHIN
TPETUHI 3i 36iNblUeHHAM HaBaHTaxKeHHs go 1200 H, wo
Bignosigae Basi nauieHTa 120 Kr. Hanpy:xeHo-gedop-
MOBAHWI CTaH MOZENi TOMIZIKU NPy Nepenomi BenKo-
FOMIZIKOBOI KiCTKM B HUMKHIN TPETMHi Ta OCTEOCUHTESI
A3® nokaszaHo Ha puc. 6.

Mpun BUKOpUCTaHHI ocTeocnHTedy A3®P npu NikyBaHHi
nepesiomMiB BE/IMKOTOMIZIKOBOT KIiCTKM B HUMKHIW TPETUHI
36iNbLUEHHA BE/IMYMHN HABAHTAXKEHHA Ha KiHLiBKY A0
1200 H BMKAMKAE NIABULLEHHA MaKCMMANbHOrO piBHA
HanpyxXeHb o 14,6 MMa B AuctanbHoMy ¢parmeHTi
BE/INKOTOMINIKOBOI KiCTKWU. Y NPOKCMManbHOMY BigAini
Hanpyru 3pocTtatoTb 4o 5,3 MIlla. Y 30Hi nepenomy Be-
IMYMHA HAMpPYXKeHb TAKOX 36iNblUyETbCA, ane 3aauLa-
€TbCA [OCUTb HU3bKOMy piBHI — 0,3 MIla. 3Ha4He nia-
BULLEHHA piBHA Hanpyru ao 224,5 MMMa cnocTepiraetbca
Ha enemeHTax A3d i Ha KpalHix QiKCyroUMX CTPUKHAX
— 00 79,4 MNa.

PuUcyHoOK 7 Bifobparkae HanpyxeHo-aAebopMoBaHNA
CTaH MOZENI TOMINIKN 3 NePeNoMOM BENMUKOTOMINKOBOI
KICTKM B HUXKHIIN TPETUHI | OCTEOCMHTE30M HaKiCTKOBOIO
NAACTMHO Nif, 3rTMHANbHUM HaBaAHTAXKEHHAM BeNUYU-
Hoto 1200 H.

0 H Tak camo, AK i nonepegHi mogeni,
NigBULLEHHAM pPIiBHA HAMNpyXeHb Ha
BCiX enemeHTax. TakK, y AMCTanbHO-
My Ta MPOKCUMMaNbHOMY dparmeHTax
KICTKM  MaKCMManbHi  HanpyXeHHA
36inblWwytoTbes Ao 27,4 MMa Ta 2,7 MNa, BignosigHo. Y
30Hi Nepenomy HanpyxeHHA TaKOXK NiABULLYIOTbCA, ane
3anMLWaloTbCcA ayxe Husbkumm 0,3 MMa. Te came cno-
CTepiraeTbca i Ha QiKCyOUMX rBUHTAX, A€ PiBEHb Hanpy-
»KeHb He nepesuLtye 39,9 MlMa. Hanpy»XeHHA B camomy
CTPUKHI JOCATa0Tb NO3HA4YKKM 445,6 MMMa.

Y 1abn. 3 HaBefeHi AaHi NPO 3HAaYEHHA MAaKCUMaib-
HUX HaMpy)XeHb B €/IeMEHTAaX MOZENElN FOMIIKKM npu
nepenomi BEIMKOTOMIIKOBOI KiCTKM B HUMKHIN TPETUHI 3
Pi3HMMM BapiaHTamMM OCTEOCMHTe3Y Mif, 3TMHaIbHUM Ha-
BaHTa*keHHAM BennymHoto 1200 H.

[na 3pyyHiWIoro NOpPiBHAHHA 3HA4YeHb HanpyXeHb
Ha Pi3HUX eNleMeHTax Mogenen romifiku 3 nepesomom
BEJIMKOTOMIIKOBOI KiCTKW i Pi3HWMM BapiaHTaMK OCTeo-
CMHTE3y NpW 3rMHaNbHOMY HaBaHTa*KeHHi 1200 H noby-
[0BaHa giarpama, 3o6pakeHa Ha puc. 9.

Mpn 36inbleHHI HaBaHTa*KEHHS Ha TOMI/IKy OCTeo-
CMHTE3 HaKiCTKOBOK NNACTMHOW MOKA3ye HauripLi pe-
3yNbTaTW 3 NOMALY PO3NOAINY HAaMNPyXeHb came B 30Hi
nepesomy.

[nAa HaOYHOrO yABNEHHA NPO 3MiHW 3HaYeHb Hanpy-
KeHb B e/leMeHTax Be/IMKOrOMIZIKOBOI KiCTKK npw ii ne-
pPenomi B HUXKHIN TPETUHI Ta Pi3HUX BUAiB OCTEOCUMHTE3Y
B 3a/1€XKHOCTI BiZ, Baru nauieHTa 6yam nobyaosaHi rpadi-
KW, AKi HaBeaeHi Ha puc. 10.

AIK 6aYMMO, 3MiHM BE/IMYNH HAMPYMKEHb B KiCTKOBIM
TKaHWHI B 3a/1€XHOCTI Bif, Barn nauieHTa MatoTb NiHilHY
3anexHicTb. Mpu ybomy A3®P Ta iHTPameayNAPHUIN CTPU-
YKeHb 3a6e3nevytoTb 3HUKEHHA BEIMYUH HAMNPYKEHb B
30Hi Nepenomy HUXKYe PiBHA MOKA3HMUKIB AN1A HeYLIKO-
OXKEHOI KICTKM. HakicTKoBa MacTMHA MOKasye 3HaA4yHO
ripLwi MOKa3HUKM PiBHA HAMpPY>KeHb, AK Y 30Hi nepesiomy,
TaK i B AUCTaNbHOMY BifAiNi BEIMKOTOMI/IKOBOI KiCTKW.
Y nNpoKCcMManbHOMY BiaAini HaMBULLMIM pPiBEHb HAMpy-
*KEeHb BM3HAYaETbCA B MoAeNi 3 ocTeocuHTesom A3P.
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MpadikK, Wo nokasaHi Ha puc. 11 4eMOHCTPYIOTb 3a-
JIEXHICTb 3HAaYEHb HaMNpPY»KeHb B e1eMeHTax MeTaNieBnX
KOHCTPYKLLi/ i MPU OCTEOCUHTE3i BEIMKOTOMIIKOBOI KiCT-
KM 3 NEePeNoOMOM Y HUNKHI TPETUHI 3a/1eXKXHO Big, Baru
naujieHTa.

TaK camo, AK i B KICTKOBIl TKAHMHI, Y MeTaneBmUX KOH-
CTPYKLiAX BEAWYMHM HanpyKeHb MNPAMONPONOPLiAHO
3a/1eXKaTb Bif, BarvM naujieHta. Hanbinbwi Hanpy*KeHHs
BMHMKALOTb Y HAKIiCTKOBI NnacTuHi. Ha dikcyroumnx reuH-
Tax Ta CTPUXKHAX HAaWBULLMIA PiBEHb HAMpPyXeHb BU3Ha-
YaETbCA MPU BMKOPUCTAHHI iHTPaMeaynApHOro CTPUXK-
HAA, MiHIManbHUI — NpU BUKOPUCTaHHI A3,

BucHoBKM.

1. Hairipwi nOKasHMKM piBHA Hamnpy»KeHb B 30Hi
nepenomy (Big 128,5 oo 220,2 MTla) Ta meTanesoi KOH-
CTpyKu;ji (Big, 575,8 no 986,9 Mla) BM3HaAYeHi npu BU-
KOPWUCTAHHI HaKiCTKOBOI MIACTUHMU. TaK, AK Ui MOKa3HUKU

[OOPIBHIOKOTb NOKa3HMKaM MeXi MiLHOCTI i TpybyacTmx
KIiCTOK, | Hep»KaBito4yoi CTani, paHHi HaBaHTa)KeHHA, B
OAHOMY BMMAAKY, MOXYTb CTAaTU MPUUMHOIO Nepeiomy
NAACTUH, | HE 3POLLEHHA PpParMeHTiB BEJIMKOFrOMIiNIKOBOIT
KICTKM.

2. OcteocuHTe3 3a gonomoroto A3® Ta iHTpameay-
NAPHUM CTPUXKHEM 3abe3neuye HalHUXKYIM piBeHb Ha-
npyru (Big 0,2 go 0,3 MTla) B 30Hi nepenomy. Ane ne-
peBara iHTpamMeaynApHOro CTPUMKHA BU3HAYAETbCA Y B
OBiYi HUXKYOMY PiBHI HaNpy»KeHb, AK Ha CAMOMy CTepXK-
Hi, TaK i Ha QiKCYyrOUMX FBUHTAX.

MepcnekTMBKM NOAANbLUNX JOCNIAMKEHD.

AHaNOrivyHi focniaXeHHA NAaHyTbCA | ANA OCTeo-
CMHTEe3y nepesioMiB CTErHOBOI KiCTKWU. PesynbTatm go-
CnifXeHb CNpuAOTb ONTMUManbHOMYy BMbBOpPY 3acobis
OCTEOCMHTE3a NPU Nepenomax KiCTOK HUMKHIX KiHLiBOK
ONA NALEHTIB 3 HAA/IMLWIKOBOK MAcoto TiNa.
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DOCNIAXEHHA PO3NOAINY HAMNPYXXEHb B MOAENI BEJIMKOTOMIJIKOBOIT KICTKM NPU 1i NEPENOMI B
HWXHIA TPETUHI 3 PIBHUMU BAPIAHTAMU OCTEOCUHTE3Y B YMOBAX 3POCTAIOMOrO 3rMHANIBHOTO HA-
BAHTAXEHHA

Ctpoes M. 10., bepesKka M. |., BnaceHko [. B., KapniHcbkuii M. 10., fipecbko O. B., KapniHcbka O. A.

Pestome. Bcmyn. MNepenomm KiCTOK TOMIZIKM CKNaAatoTb Baromy YacTMHY B CTPYKTYpi TpaBMaTuamy. 3a nepiog,
2015-2018 pokiB 3aKpuTi Nepenommn rominiku B XapkKisBcbKili obnacti cknaganv 19% cepes, iHWMX TpaBMaTUYHMX MO-
LUKOAXKEHD, B YKpaiHi Llei NOKasHMK fopiBHIOE 36%. binblwe 50% ycknagHeHb NoB’A3aHi 3 NiKyBaHHAM Nepenomis
KiCTOK FOMINIKM, WO CNPUYMHSAE BUXiL, HA TPUBANY iHBaANigHICTb.

Mema. MpoBecTn NopPiBHANBHUIN aHaNi3 HanpyXeHo-4edOPMOBAHOrO CTaHy MoAenei Be/IMKOrOMINIKOBOI KiCTKM
npw ii nepenomi B HUKHi TPETUHI 3 PiI3HUMM BapiaHTamMKM OCTEOCUHTe3Y Mifg, BNJMBOM 3rMHANIbHOMO HaBaHTaXKeHHA
3a/1e}KHO BiA, Barn nawjieHTa.

06’ekm i MemoOu docnioxceHHA. Moaenb imiTyBana nepenom BeJIMKOTOMINIKOBOT KiCTKM B HUXKHI TPETUHI Ta TpK
TUMM OCTEOCUHTE3Y 3 BUKOPUCTAHHAM anapaTy 30BHilHbOI ikcau,ii (A3®d), HaKiCTKOBOT NNACTUHK Ta iHTPameayNAp-
HOTO CTpMKHA. Mogeni gocnigxysanuca nig BNAMBOM 3rMHANbHOIO HaBaHTaxkeHHA 700 H ta 1200 H.

Pe3ynemamu. OcteocnHTe3 A3D Ta iHTpaMeayNAPHUM CTPUNKHEM 3ab6e3MeuytoTb 3HUMKEHHA BE/IMYUH Hamnpy-
YKEHb B 30Hi Nepenomy HMUK4Ye PiBHA NOKA3HWUKIB AN HeYLKOAMXKEHOT KiCTKM. HaKicTKoBa NaacTMHA NOKa3ye 3HAYHO
TripLWi NOKa3HMKK B 30Hi Mepenomy i B AUCTANbHOMY BiAAiNi BE/IMKOTOMINIKOBOI KICTKU. Y MPOKCMManbHOMY Bigaini
HaMBULLNI piBEHb HaNPY*KeHb BU3HAYAETLCS B MOAENI 3 0ocTeocMHTe30M A3D. B MeTaneBux KOHCTPYKLiAX HaWbinbLwi
HanNpPy»KeHHA BUHMKAIOTb Y HAaKiCTKOBI NAAcTUHI. Ha GiKCyroumx rBUHTax Ta CTPUMKHAX HAUBULLMI PiBEHb HAaNpyXXeHb
BM3HAYAETbCA NPU BUKOPUCTAHHI iHTPaMeaynsaPHOro CTPUMKHSA, MiHIMasibHUIA — NpU BUKOPUCTaHHI A3D.,
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BucHosKu. Halripli noKasHWKKM piBHA Hamnpy»KeHb B 30HI Nepesiomy Ta MeTaneBOi KOHCTPYKLi BU3HaYeHi npu
BMKOPWUCTaHHI HaKiCTKOBOI MNAAaCTUHU. TaK, K L NOKa3HUKM AOPIBHIOOTb MOKA3HUKAM MEXKi MiLHOCTI | TpybyacTumx
KIiCTOK, | HEprKaBitoYvoi CTani, paHHi HaBaHTA*KEHHA, B AaHOMY BMMNALKY, MOXYTb CTAaTU MPUYNHOKO Nepesomy naac-
TUH, | He 3poLLeHHA dparmMeHTiB BEIMKOTOMIIKOBOI KiCTKM. OcTeocnHTe3 3a gonomoroto A3P Ta iHTpameaynApHUM
CTPUNKHEM 3abe3neyye HaHMKYIN piBEHb HAMpPYrK B 30HI Nepenomy.

Knro4oBi cnoBa: rominka, nepenom, 3ruH, oCTEOCUHTES.

STUDY OF THE STRESS DISTRIBUTION IN THE MODEL OF THE TIBIA WITH ITS FRACTURE IN THE LOWER THIRD
WITH DIFFERENT OPTIONS OF OSTEOSYNTHESIS UNDER CONDITIONS OF INCREASING BENDING LOAD

Stroev M. Yu., Berezka M. 1., Vlasenko D. V., Karpinsky M. Yu., Yaresko A. V., Karpinska O. D.

Abstract. Introduction. Fractures of the bones of the tibia make up a significant part of the structure of trau-
matism. During the period of 2015-2018, closed tibial fractures in the Kharkiv region accounted for 19% of other
traumatic injuries, in Ukraine this figure is 36%. More than 50% of complications are related to the treatment of
fractures of the bones of the lower leg, which causes long-term disability.

Goal. To carry out a comparative analysis of the stress-strain state of models of the tibia with its fracture in the
lower third with different options of osteosynthesis under the influence of bending load depending on the patient’s
weight.

Materials and methods. The model simulated a tibial fracture in the lower third and three types of osteosynthe-
sis using an external fixation device (EFD), a bone plate and an intramedullary rod. The models were tested under
the influence of a bending load of 700 N and 1200 N.

The results. Osteosynthesis of EFD and an intramedullary rod provide a reduction of stress values in the fracture
zone below the level of indicators for an intact bone. The periosteal plate shows significantly worse indicators in the
fracture zone and in the distal part of the tibia. In the proximal part, the highest stress level is determined in the
model with EFD osteosynthesis. In metal structures, the greatest stresses occur in the periosteal plate. On fixing
screws and rods, the highest level of stress is determined when using an intramedullary rod, the minimum — when
using EFD.

Conclusions. The worst stress level indicators in the fracture zone and the metal structure were determined
when using a bone plate. Since these indicators are equal to the indicators of the strength limits of both tubular
bones and stainless steel, early loads, in this case, can cause a fracture of the plates, and not a fusion of the frag-
ments of the tibial bone. Osteosynthesis using EFD and an intramedullary rod ensures the lowest level of tension in
the fracture zone.

Key words: tibia, fracture, flexion, osteosynthesis.
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