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Currently, there is an increase in bone fractures of the lower limb (47.3%). More than 50% of complications
are related to the treatment of tibial bone fractures, which cause 27.9% of disabilities. The goal was to conduct a
comparative analysis of the stress-strain state of models of the tibia with its fracture in the middle third with dif-
ferent options of osteosynthesis under the influence of bending load depending on the patient's weight. The model
simulated a tibial fracture in the middle third and three types of osteosynthesis using an external fixation device
(EFD), a bone plate, and an intramedullary rod. The models were studied at 700 N and 1200 N bending loads. Usu-
ally, under a bending load, the maximum stress magnitude is determined in the distal part of the tibia. When using
EFD osteosynthesis, the maximum stress level is observed in the distal fragment of the tibia. The maximum stresses
are determined in the fracture zone during osteosynthesis with a bone plate. Osteosynthesis with an intramedullary
rod provides the lowest stress level in the fracture zone. An increase in the load value to 1200 N leads to a rise in
the stress values in all model elements. The worst stress level indicators in the fracture zone and the metal structure
were determined using a bone plate. With the help of EFD, osteosynthesis ensures a relatively low stress level in the
fracture zone; it is worth noting the lowest stress level on the device itself. The lowest stress indicators in the fracture
zone and the proximal fragment of the tibia are determined when using osteosynthesis with an intramedullary rod.
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Connection of the publication with planned re-
search works.

The research was carried out with the scientific
topic “Develop a complex of medical and organizational
measures to improve the system of medical care for
victims of traffic accidents”, state registration number
0121U111742.

Introduction.

Currently, there is an increase in bone fractures of
the lower limb (47.3%), among which 45-56% are diaph-
yseal fractures of the leg bones [1, 2, 3].

According to the data of the medico-social expert
commission of Kharkiv, more than 50% of complications
were related to the treatment of bone fractures of the
lower leg, which caused 27.9% of disability. All this de-
termined the socio-economic significance of this issue
[4].

The study of biomechanical features of the interac-
tion of bone and means of osteosynthesis makes it pos-
sible to find optimal approaches to surgical treatment
tactics [5].

The aim of the study.

The model consists of the tibia, fibula bones, and
foot bones. All joints between bone elements have a
layer with the mechanical properties of cartilage tissue.

On the base model, a fracture of the tibia in the mid-
dle third and three types of osteosynthesis was simu-
lated using an external fixation device (EFD), bone plate,
and an intramedullary rod. The gap between bone frag-
ments in the fracture zone was filled with an element
imitating bone regeneration. The appearance of models
with a fracture in the middle third of the tibia and vari-
ous types of osteosynthesis are shown in fig. 2.

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
materials used in the simulation are given in the table 1.

To conduct a comparative analysis
of the stress-strain state of models of
the tibia with its fracture in the middle
third with different options of osteosyn-
thesis 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 Pa-
thology National Academy of Medical
Sciences of Ukraine developed a basic
finite-element model of the human a
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lower leg [6]. The general appearance
of the model is shown in fig. 1.

Figure 1 — Basic finite-element model of the lower leg: a — general view;
b — view from the medial side; c — side view; d — front view; f — back view.
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Figure 2 — Models of tibial fracture in the middle third with osteosynthesis:
a— EFD; b — bony plate; c — intramedullary rod.

Table 1 — Mechanical characteristics
of the materials in the simulation

Young’s modulus (E), | Poisson’s ratio,

Material

MPa \
Cortical bone 18350 0,29
Spongy bone 330 0,30
Cartilaginous tissue 10,5 0,49
Bone regenerate 1,00 0,45
Titan VT-16 1,1-10° 0,2

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 models were rigidly fixed.
The loading scheme of the models is shown in fig. 3.

The maximum stress values were determined in the
proximal and distal fragments of the tibia, in the fracture
zone, in the metal structure, and on the fixing screws to
compare the stress-strain state of the models.

Figure 3 — Model loading scheme.

The study of the models was carried out using the
finite element method. Mises stress [12] was used as a
criterion for assessing the stress-strain state of the mod-
els.

Modeling 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 [13].

Research results and their discussion.

At the first stage of the work, the stress-deformed
state of the lower leg of the model with a fracture of the
tibia in the middle third with various options of osteo-
synthesis under the influence of a bending load of 700 N
was studied. The distribution of stresses in the model of
the lower leg without a fracture is shown in fig. 4.

The simulation results showed that under average
bending load, the maximum stresses of 9.6 MPa are
determined in the distal part of the tibia. A minimum
stress level of 1.5 MPa is recorded at the proximal end.

I

C

In the middle third of the diaphysis of
200 | the tibia, stresses are determined at
the mark of 5.2 MPa.

Fig. 5 shows the pattern of stress
distribution in the tibial model with a
fracture of the tibia in the middle third
and osteosynthesis of the EFD at a
bending load of 700 N.

When using EFD osteosynthesis in
the treatment of fractures of the tibia
in the middle third and flexion loading
of the limb with a patient weight of
70 kg, the maximum stress level of 5.7
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Figure 4 — The pattern of stress distribution in the normal shin model under a bending
load of 700 N: a — general view; b — the middle of the diaphysis; c — section of the tibia.

MPa is observed in the distal fragment
of the tibia. In the proximal section, the
stresses do not exceed 3.2 MPa. The
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lowest stress level of 0.3 MPa is deter-
mined in the fracture zone. On the de-
vice itself, bending loads do not cause
critical stress, determined at 89.3 MPa
in the structural elements and 10.5
MPa on the extreme fixing rods.
Consider the stress-deformed state
of the tibia model with a fracture of the
tibia in the middle third and osteosyn-
thesis with a bone plate under a bend-
ing load of 700 N, shown in fig. 6.
During osteosynthesis with a bone
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Figure 5 — Pattern of stress distribution in the model of the lower leg with a fracture
of the tibia in the middle third and osteosynthesis of the EFD at a bending load of 700 N:
a — general view; b - fracture zone; ¢ — section of the tibia.

plate, the zone of maximum stress
shifts to the fracture zone, where the
stress reaches 34.6 MPa. The lowest
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stress level of 1.7 MPa was registered
in the proximal fragment of the tibia. In
the distal fragment, stresses are deter-
mined at 9.1 MPa. On the fixing screws,
the stresses are higher than during os-
teosynthesis of EFD and are determined
at the mark of 15.2 MPa, but the plate
itself is subjected to significant loads, as
evidenced by the high level of stresses
—220.2 MPa.

Fig. 7 shows the distribution of

stresses in the tibia model with a frac- 4
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ture of the tibia in the middle third and
osteosynthesis with an intramedullary
rod under a bending load of 700 N.

The model of the tibia with a frac-

ture in the middle third with osteosyn-
thesis 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 0.8 MPa in the
proximal fragment of the tibia. How-

a

ever, the stress in the distal fragment is
higher than in other types of osteosyn-
thesis — 13.1 MPa. Relatively high stress-
es of 181.4 MPa occur on the rod itself
and on the fixing screws — 18.2 MPa.

Figure 6 — Pattern of stress distribution in the tibia model with a fracture of the tibia
in the middle third and osteosynthesis with a bone plate at a bending load of 700 N:
a - general view; b — fracture zone; c — section of the tibia.

-
=
o

0 = W s U~ 0w

b

C

The data on the maximum stress Figure 7 — Pattern of stress distribution in the model of the lower leg with a fracture of the
values in the elements of the lower leg tibia in the middle third and osteosynthesis with an intramedullary rod at a bending load

models in the case of a tibial fracture
with various options for osteosynthesis
at a bending load of 700 N is presented in table 2.
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 osteosynthesis at a bending load of 700 N

of 700 N: a — general view; b — fracture zone; ¢ — section of the tibia.

You can visually compare the stress values on differ-
ent elements of the model of the lower leg with a tibial
fracture with varying options of osteosynthesis under a
compressive load of 700 N using the diagram shown in
fig. 8.

As shown in the diagram, osteosynthesis of the tibial
bone with a bone plate for fractures of the diaphysis in

Part SRS, ) the middle third shows worse indicators of stress val-
norm EFD plate rod ues under bending loads, precisely in the fracture zone,
proximal 15 3,2 17 038 where the intramedullary rod and EFD ensure the stress
distal 9,6 5,7 9,1 131 level to the zero mark. It is also worth noting the highest
fracture zone 5,2 0,3 34,6 0,2 level of tension on the plate itself.
construction 89,3 220,2 181,4 Let’s consider how models of osteosynthesis of
screws/rods 10,5 15,2 18,2 the tibia behave when fractured in the middle third
with an increase in the load to 1200 N, which corre-
40 250
a5
0 :ce
i ot
MPa 0 MPa
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proximal distal fracture zone : construction screws/rods
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Hnorm ® EFD Hplate  © rod HEFD Hplate  ®rod
a b

Figure 8 — Diagram of the maximum stress values in the elements of the lower leg models with a fracture of the tibia in the middle third
with different options of osteosynthesis under a bending load of 700 N: a — in bone tissue; b — in structural elements.
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Figure 9 — Pattern of stress distribution in the normal lower leg model under a bending
load of 1200 N: a — general view; b — fracture zone; c — section of the tibia.
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Figure 10 — Pattern of stress distribution in the model of the lower leg with a fracture of
the tibia in the middle third and osteosynthesis of the EFD under a bending load of 1200
N: a — general view; b — fracture zone; c — section of the tibia.
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Figure 11 — Pattern of stress distribution in the tibia model with a fracture
of the tibia in the middle third and osteosynthesis with a bone plate under a bending load
of 1200 N: a — general view; b — fracture zone; c — section of the tibia.
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Figure 12 — Pattern of stress distribution in the tibia model with a fracture of the tibia in
the middle 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.

sponds to the patient’s weight of 120
kg. The stress distribution in the model
without fracture is presented in fig. 9.

Increased load to 1200 N leads to in-
creased stresses on all model elements.
Thus, maximum stresses of 16.5 MPa
are determined at the distal end of the
tibia. At the proximal end, stresses are
determined at a minimum of 2.6 MPa.
In the middle third of the diaphysis of
the tibia, the stress level is 8.9 MPa.

Let’s consider how an increase in
load affects the model of the lower leg
in the case of a fracture of the tibia in
the middle third and osteosynthesis of
the EFD. The stress-strain state of the
model is shown in fig. 10.

When using EFD osteosynthesis in
the treatment of fractures of the tibia
in the middle third, an increase in the
load on the limb to 1200 N causes an
increase in the maximum stress level
to 9.8 MPa in the distal fragment of the
tibia. In the proximal part, stresses in-
crease to 5.5 MPa. In the fracture zone,
the amount of stress also increases but
remains at a relatively low level — 0.5
MPa. A significant increase in the stress
level up to 153.1 MPa is observed on
the EFD elements and the extreme fix-
ing rods — up to 18.0 MPa.

Figure 11 shows the stress-de-
formed state of the tibia model with a
fracture of the tibia in the middle third
and osteosynthesis with a bone plate
under a bending load of 1200 N.

Similar changes in the stress-strain
state occur in the model with osteosyn-
thesis with a bone plate. The zone of
most significant stress remains at the
fracture site, where the stress reaches
59.3 MPa. The stresses in the distal and
proximal fragments of the tibia increase
to 15.6 MPa and 2.9 MPa, respectively.
On the fixing screws, the maximum
stress values increase to 26.1 MPa, and
even greater stresses occur in the peri-
osteal plate —377.4 MPa.

At the last stage, we will consider
the stress distribution in the model of
the lower leg with a fracture of the tibia
in the middle third and osteosynthesis
with an intramedullary rod at a bending
load of 1200 N, shown in fig. 12.

The model of the tibia with its frac-
ture in the middle third with osteo-
synthesis with an intramedullary rod
responds to an increase in the bending
load up to 1200 N in the same way 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 22.5 MPa and 1.4 MPa, respectively.
In the fracture zone, stresses also in-
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crease but remain very low at 0.3 MPa. The same is ob-
served on the fixing screws, where the stress level does
not exceed 31.2 MPa. The stress in the rod itself reaches
310.9 MPa.

Table 3 shows the values of the maximum stresses
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.

For a more convenient comparison of the stress val-
ues on various elements of models of the lower leg with
a tibial fracture and various options for osteosynthesis
under a bending load of 1200 N, a diagram was con-
structed, shown in fig. 13.

As shown in the diagram, when the load on the
lower leg increases, osteosynthesis with a bone plate
shows the worst results in terms of stress distribution in
the fracture zone.

Table 3 — Values of the maximum stresses
in the elements of the models of the lower leg in
the case of the tibia fracture in the middle third
with different options for osteosynthesis
at a bending load of 1200 N

Stress, MPa
Part

norm EFD plate rod
proximal 2,6 5,5 2,9 1,4
distal 16,5 9,8 15,6 22,5
fracture zone 8,9 0,5 59,3 0,3
construction 153,1 377,4 310,9
screws/rods 18,0 26,1 31,2

For a visual representation of the changes in stress
values in the elements of the tibia during its fracture in
the middle third and various types of osteosynthesis de-
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Figure 13 — Diagram of the maximum stress values in the elements of the lower leg models with a fracture of the tibia in the middle third

with different options of osteosynthesis under a bending load of 1200 N: a — in bone tissue; b — in structural elements.
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Figure 14 — Graphs of the dependence of stress values in the model of the tibia with its fracture in the middle 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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Figure 15 — Graph of the dependence of the amount of stress in the elements of metal structures and on the fixing screws in the model of
the tibia with its fracture in the middle third and various types of osteosynthesis on the weight of the patient: a — in the elements of the
structure; b — on fixing screws and rods.

pending on the patient’s weight, the graphs are shown
in fig. 14.

As you can see, 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 rod reduce stress values in the fracture
zone below the level of indicators for intact bone. The
periosteal plate 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 osteosynthesis in the proximal part.

The graphs are shown in fig. 15 demonstrate the de-
pendence of stress values in elements of metal struc-
tures during osteosynthesis of a tibial bone with a frac-
ture in the middle 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
patient’s weight. The most significant stresses occur in
the periosteal plate. On fixing screws and rods, the high-
est level of stress is determined when using an intra-
medullary rod, and the minimum —is when using EFD.

Conclusions.

1. The worst indicators of the stress level in the frac-
ture zone (from 34.6 to 59.3 MPa) and the metal struc-
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ture (from 220.2 to 377.4 MPa) were determined when
using a bone plate. Early loads, in this case, can cause
the bending of the plates and, as a result, incorrect fu-
sion of tibial bone fragments.

2. Osteosynthesis, with the help of EFD, provides a
relatively low stress level (from 0.3 to 0.5 MPa) in the
fracture zone; it is worth noting the lowest stress level
on the device itself (from 89.3 to 153.1 MPa).

3. The lowest values of stresses in the fracture zone
(from 0.2 to 0.3 MPa) and in the proximal fragment of
the tibia (from 0.8 to 1.4 MPa) are determined when
using osteosynthesis with an intramedullary rod; the
disadvantage of this type of osteosynthesis is a relatively
high stress level on the rod itself (from 181.4 to 310.9
MPa) and on the fixing screws (from 18.2 to 31.2 MPa).

Prospects for further research.

In the future, studies of options for osteosynthesis
of the lower leg bones in case of a fracture in the lower
third are planned, depending on the patient’s weight.
Similar studies are planned for the osteosynthesis of
femur fractures. The research results contribute to the
optimal choice of osteosynthesis tools for bone frac-
tures of the lower limbs for patients with excess body
weight.
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B OdaHuli 4ac criocmepiecaemecs 3pOCMAHHA MepesnomMie KiCMOK HUMCHLOI KiHyieku (47,3%). binobwe 50%
YCK/aOHeHb 1108 '93aHi 3 1iKy8AHHAM riepesaomis Kicmok 20MinKu, wjo crnpuduHuno 27,9% ineanioHocmi. Memoto 6yno
nposecmu nopieHANbHULU AHAAI3 HAMNPY#eHo-0eghopMoB8aHO20 cMaHy mooeseli 8es1UKO20MINKOB8OI KicmKu npu ii
nepesnomi e cepedHili mpemuHi 3 pi3HUMU 8apiaHMaMu 0cmeocuHmMe3y nid 8rnaU8omM 32UHANbHO20 HABAHMAMEHHSA
3anexcHo 8i0 eaau nayieHma. Moodenb imimysana nepesnom 8esUK020MINKOBOI KicmKu 8 cepedHili mpemuHi ma
mpu munu ocmeocuHmesy 3 8UKOPUCMAHHAM anapamy 308HiuwHboi pikcauii (A3®), HakicmKkogoi naacmuHu ma
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iHmpameodynapHo2o cmpuxcHA. Modeni docnioxcysanuca nid e8naueom 32UHAMbHO20 HasaHmMaxceHHa 700 H ma
1200 H. Y HopMmi npu 32UHG/AbHOMY HABAHMAMEHHI MAKCUMGA/bHI HAMPYHEeHHA 8e/UYUHOK 8U3HAYAOMbLCA 8
ducmasnbHoMy 8i00ini 8enuKo2ominKoeoi Kicmku. lpu uKopucmaHHi ocmeocuHme3sy A3® makcumaneHuli piseHb
HanpyxeHb criocmepiecaemecs 8 OUCMANbLHOMY pazmeHmi 8enuKo2ominkosoi Kicmku. llpu ocmeocuHmesi
HOKICMKOBOK MAAGCMUHOK MAKCUMAsbHI  HAMPYXEHHA 6U3HA4Yaromucsa 8 30Hy nepenomy. OcmeocuHme3s
iHmpameodynapHuUm cmpuxcHem 3abesnevye HalHuxyuli piseHb HanpyxeHbv 8 30Hi nepenomy. [lidsuwjeHHA
8e/nU4YUHU Has8aHMaxceHHA 0o 1200 H npuzsodums 00 nidsulieHHA 8enUYUH HAMPYHeHb y 8Cix enemeHmax
moOleni. Halieipwi NOKa3HUKU pieHA HanpyyceHb 8 30Hi rnepesomMy ma memanesoi KOHCMPYKYii susHa4YeHi npu
BUKOPUCMAHHI HaKicmKkoeoi naacmuHu. OcmeocuHme3 3a 0onomozor A3® 3abesnevyye docums HU3bKUL
piseHb HanpyxceHob 8 30Hi nepesnomy, apmo 8id03Hayumu i HaliHUXYuli piseHb HaNpyXeHb Ha camomy anapamy.
HaliHux4i NOKa3HUKU HanpyxeHb 8 30Hi nepeaomy i 8 MPoKCUMAnbHOMY paeMeHmi 8eAUKO20MIfIKOBOI KicmKu
8U3HAYAOMbCA NPU BUKOPUCMAHHI OCMeocuHmMe3y iHmpameodyaapHUM CIMPUHCHEM.

Knrouoei cnosa: 20MinKa, nepesom, 32uH, ocmeocuHmes.
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Bcryn.

B AaHMI Yac cnocTepiraeTbcA 3pOCTaHHA Nepesomis
KICTOK HWUMKHbOI KiHLiBKKN (47,3%), cepen sikux 45-56%
CTaHOBNATL Ajiadi3apHi Nnepesomm KicTok rominku [1, 2,
3].

3rigHO 3 AaHMMKW  MeOMKO-COLiaNbHOI  eKcnepT-
HOT Komicii m. XapkoBa, 6inblue 50% ycknaaHeHb 6ynau
noB’A3aHi 3 NiKyBaHHAM NepPeNoMiB KiCTOK TOMINIKHK, WO
cnpuumHuno 27,9% iHBanigHocti. Yce ue 3ymoBuao co-
LiaIbHO-EKOHOMIYHEe 3HaYeHHS LbOoro NUTaHHsA [4].

BrBYeHHA BiomexaHiyHUX ocobamBocTelt B3aeMog,ii
KiCTKM Ta 3ac06iB OCTEOCMHTE3Y L03BOIAE 3HANTU ONTU-
MasIbHi NiAX0AM [0 TAKTUKKM XipypriYHOro NiKyBaHHA [5].

MeTta gocnigeHHs.

MpoBecTM MNOPIBHANBHWUIA aHani3 HanpyeHo-ae-
$OpPMOBaHOTO CTaHy MOAENEeN BEIMKOTOMINIKOBOT KiCTKM
npwu ii nepenomi B cepesHivi TpeTUHI 3 pisHUMK BapiaH-
TaMM OCTEOCUMHTEe3y Nig, BNJIMBOM 3rMHAIbHOIO HaBaHTa-
YKEHHA 3aN1eXHO BiZ Barn nauieHTa.

O6’eKT i meTOoAU AOCNiAKEHHA.

Y nabopaTtopii 6iomexaHiku AY «IHCTUTYT natonorii
xpebTa Ta cyrnobis. im. npod. M.l.CuteHko HAMH Ykpa-
THM» po3pobneHo 6a30BY CKiIHYEHO-eIEMEHTHY MOAENb
FOMINKM NtoauHW [6]. 3aranbHUi BUAL MOLENI NOKa-
3aHO Ha pumc. 1.

Mogenb CKNaga€eTbCca 3 BEIMKOrOMINIKOBOIT i Manoro-
Mi/IKOBOI KiCTOK Ta KiCTOK cTonu. Yci cyrnobm mixK KicTko-
BUMMU eleMeHTaMM MatoTb AP i3 MeXaHiYHUMMK BNaCTU-
BOCTAMM XPALLOBOI TKAHUHMU.

Y Hawomy [ocnigXeHHi maTtepian BBaXKaBCA OL4HO-
piAHUM Ta i30TPONHUM. AK KiHLEBUI enemeHT, 6yB 06-
paHuin 10-By310BMiA TeTpaeap 3 KBAZPATUYHOK anpoK-
cMMmauieto. Yci maTepianun, 3 AKUX CKnaganuca mogeni,
ofepKann BiANOBIAHI MexaHiYHi BNACTMBOCTI, TaKi AK
MoAyNb Npy*HocTi KOHra Ta KoediuieHT MNMyaccoHa. Me-
XaHiYHi BNacTMBOCTI BioNoriyHMX TKAaHUH Byno obpaHo
3rigHo 3 nitepatypoto [7, 8, 9, 10]. BnactusocTi meTa-
JIOKOHCTPYKLiM 6yno obpaHo BiANOBIAHO A0 TEXHIYHOT
nitepatypu [11]. [aHi Npo MexaHiyHi XapaKTepuUcTUKn
maTepianis, O BUKOPUCTOBYIOTLCA B MOAE/NIOBAHHI Ha-
BefieHi B Tabn. 1.

Bci mogeni gocnigrKysanu nig BNAMBOM 3rMHaNbHO-
ro HasaHTaxkeHHA 700 H ta 1200 H, wo Bianosiaae Basi
nauieHTa 70 Ta 120 kr. Ctony mogenent 6yno »KopcTko
3aKpinneHo. CxeMy HaBaHTaXEHHA MoAenen HaBeaeHO
Ha pumc. 3.

[ns nopiBHAHHA Hanpy»KeHo-4ePpOPMOBaHOro CTaHy
MoAenen BM3HAYA/IM MAKCMMANbHI 3HAYEHHA Hanpy-
YKEHb Y MPOKCMMaNbHOMY Ta AMUCTaNbHOMY dparmeHTax
BEJINKOTOMINIKOBOI KiCTKM, Y 30HI nepenomy, y metane-
Bill KOHCTPYKLiT Ta Ha iKCyOUMX FBUHTAX.

[ocnigkeHHA mogenen NpPoBOAUAN METOAOM CKiH-
YeHUX eNnemMeHTiB. AIK KpUTepili OLIHKM Hanpy»KeHo-ae-
$bopMOBaHOro cTaHy mogenelt BUKOPUCTOBYBANACA Ha-
npyra 3a Misecom [12].

MogentoBaHHA NPOBOAMAN 33 AOMOMOrOK CUCTe-
MW aBTOMAaTM30BaHOro npoeKktyBaHHsA SolidWorks. Pos-
paxyHKM Hanpy»eHo-gebopMoBaHOro ctaHy mogenen
BMKOHaHi 3 BMKOPUCTAaHHAM MPOrpamHOro KOMMJeKcy
CosmosM [13].

Pe3ynbTatu AocnigKeHHA Ta ix 06roBopeHHs.

Ha nepwomy eTtani poboTv BMBYANN HaAMPYKEHO-
AedopmoBaHUIA CTaH TOMINKM MoAeni 3 nepesioMom
BE/IMKOTOMI/IKOBOI KiCTKM B CepeHii TPEeTUHI 3 pisHUMM
BapiaHTaMW OCTEOCWMHTE3Y Nif BMJIMBOM 3rMHANbHOrO

Ha 6a308ilt mogeni imiTyBanu nepe-
JIOM BEJIMKOTOMIJIKOBOI KiCTKM B cepen-
Hill TPETUHI Ta TPW TUNU OCTEOCUHTE3Y
3 BMKOPUCTAaHHAM anapaTty 30BHiLLUHbOI
oikcauii (A3®P), HakicTKOBOI NAATUHM Ta
iHTPaMeaynApPHOro CTPUKHA. Mpomix-
OK MiX KiCTKOBMMM y/llaMKamMW B 30Hi
nepenomy 6yB 3anOBHEHWN enemeH-
TOM, WO iMiTYE KiCTKOBMI pereHepar.
30BHiLLHIN BMA Mmogenen 3 nepeloMmom
y cepefHin TpeTUHi BeIMKOrOMIiNKOBOI

o B r a

KICTKM Ta Pi3HMMM BUAAMWN OCTEOCUHTE-
3y NOKa3aHi Ha puc. 2.

PucyHOK 1 — Ba3oBa CKiHUeHO-e/leMeHTHa MOAE/b FOMINIKK: a — 3ara/ibHUii BUFNAL,;
6 — Bupg, 3 meaianbHoro 60Ky; B — Bug, 360Ky; r — BUA cnepeay; 4 — BUA 33a4y.
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PucyHoK 2 — Mopgeni nepenomy BeJIMKOrOMiZIKOBOT KiCTKU B cepeAHiii TpeTuHi 3

PucyHoK 3 — Cxema HaBaHTaXKeHHA mogeneii.

ocTeocuHTe3om: a — A3®; 6 — HaKiCTKOBa NNACTMHA; B — IHTPamMeAyNAPHUIA CTPUKEHD.

Tabnunua 1 — MexaHiuHi XapaKTepucTukm
marepianis, AKi y mogentoBaHHi

. Mogaynb HOHra (E), KoedoiuieHT

TR o MMa . I'Iya(i):c'JJ‘Ha, \%
KopTukanbHa KicTKa 18350 0,29
[ybuacTa KicTKa 330 0,30
XpAwoBa TKaHUHA 10,5 0,49
KicTkoBWi pereHepar 1,00 0,45
Tutan BT-16 1,110° 0,2

HaBaHTaxeHHsa 700 H. Po3nogin Hanpy»eHb y moaeni
rominku 6e3 nepenomy HaBeAeHO Ha puc. 4.
Pe3ynbTaT moaentoBaHHA NOKasanu, Wo B HOPMI
Npu 3rMHANbHOMY HaBaHTAXXEHHI MaKCUMMainbHi Ha-
npyxeHHA BennynHoto 9,6 Mlla BM3HavaloTbCcA B ANUC-
TaZIbHOMY BiAAiNi BENMKOTOMINKOBOI KicTKM. Ha npo-
KCUMaNnbHOMY KiHL|i pPEECTPYETbCA MiHIManbHUI piBEHb

Hanpyru 1,5 MMa. Y cepeaHin TpeTuHi giadisa sennko-
FOMIZIKOBOI KiCTKM HaMpy)KeHHA BWM3HA4YaloTbCA Ha Mo-
3Hauui 5,2 MMa.

Ha puc. 5 HaBegeHa KapTUHa po3MnoAiny Hanpy*KeHb
B MOZEeNi FOMIJIKW Npu Mepenomi BeMKOTOMIZIKOBOI
KICTKM B cepeaHin TpeTuHi Ta octeocnHTesi A3d npwu 3ru-
Ha/ZIbHOMY HaBaHTa*KeHHi BeanunHoto 700 H.

Mpu BMKOpUCTaHHI ocTeocnHTesy A3®P npu nikyBaHHiI
nepesiomMiB BEJIMKOTOMI/IKOBOI KiCTKM B cepeHili TpeTu-
Hi Ta 3rMHANbHOMY HaBaHTAXEHHi KiHLiBKK Baroto na-
uieHTa 70 Kr MaKcMmanbHuUii piBeHb Hanpyrm 5,7 Mla
CrocTepiraeTbca B AUCTanbHOMY dparmeHTi Be/IMKOro-
MINIKOBOI KiCTKK. Y MPOKCUManbHOMY Biggini Hanpyru
He NepeBuLLYOTb Mo3HaukM 3,2 MMa. HaltHuKunin pi-
BeHb HanpyxeHb 0,3 Mlla BM3Ha4ya€eTbCA B 30HI nepe-
nomy. Ha camomy anapaty 3rMHanbHi HABAHTAXKEHHA He
BMK/MKAIOTb KPUTUYHOT HAanpyru, AKa BU3HAYaETbCA Ha
piBHi 89,3 MIlNa B enemeHTax KOHCTPYK-

L

uii i 10,5 MMa Ha KpaWHix ¢ikcytoumx
CTPUMKHAX.
H PosrnaHemo  HanpykeHo-gedop-
| MOBaHWI CTaH MoAeni roOMifkKM 3 ne-
pPEeNoMOM BEJIMKOTOMINIKOBOI KiCTKM B
cepeHill TPEeTUHI | OCTEOCUHTE30M Ha-
KICTKOBOIO MIACTUHOIO MPU 3TMHANbHO-
My HaBaHTaKeHHi BennumHot 700 H,
AKWIA HaBeZEeHO Ha puc. 6.

Mpn  OCTEOCMHTE3i  HAKICTKOBOIO
NAaCTUHOK 30Ha MAKCMMAJbHUX Ha-
npyXeHb 3MILLyETbCA B 30HY nepe-
NOMYy, Oe Hanpy)eHHA caratotb 34,6

)
L= =]
=]

w

L B A R L~ LI = -

PucyHoK 4 — KapTuHa po3noginy HanpyKeHb B MoAei FOMiIKu HopmasibHa Npu
3rMHaNbHOMY HaBaHTa)KeHHi BennuuHoto 700 H: a — 3aranbHuii Burnag; 6 — cepeguHa
Aiadisa; B — nepepi3s BeIMKOroMinKoBoi KiCTKM.

MMa. HaWHWK4MiA piBeHb Hanpy»KeHb
1,7 Mla 3apeecTpoBaHWUN y MNPOKCK-
MasibHOMY pparmeHTi BE/IMKOroMisKo-

111

BOi KiCTKM. Y gucTasibHOMy ¢dparmeHTi
HaMpy)KeHHA BW3HAYalOTbCA Ha PiBHI
9,1 MMa. Ha o¢ikcyoumx rauMHTax Ha-
NPYXEeHHA BULLLE, HiXX NPU OCTEOCHMHTEe3I
A3®, i BU3HayatoTbCA Ha no3Hauyui 15,2
MTMa, ane cama nnacTMHa 3a3Hae€ 3Ha-
YHWX HaBaHTaXKeHb, NMPO WO CBiAYNTb
BMCOKMI piBeHb HanpyxeHb — 220,2
MnMa.

Ha puc. 7 BigobparkeHo posno-
OiNn HanpyXeHb B MOgeNi rominkn npu
nepesomi  BENMKOTOMINKOBOI  KiCTKM

== M
oo
(=}

w

o = MNW R

PucyHOK 5 — KapTuHa po3noginy Hanpy»eHb B MoAei FOMinKu npu nepenomi
BE/IMKOrOMIJIKOBOT KiCTKU B cepeaHili TpeTuHi Ta octeocuHTesi A3® npu 3ruHasbHOMY
HaBaHTa)KeHHi 700 H: a — 3aranbHuii BUrnag; 6 — 3oHa nepenomy; B — nepepis

BE/IMKOTOMI/ZIKOBOI KiCTKW.

B CepefHili TpeTuHi Ta ocTeocuHTesi
iHTPaMeayNAPHUM CTPUXKHEM nig, 3ru-
Ha/IbHUM HaBaAHTAXKEHHAM Be/IMYMHOI
700 H.
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Mopgenb BENMKOrOMINKOBOI KiCTKU
npu ii nepenomi B cepeaHii TPeTUHI
3 OCTEOCMHTE30M iHTpameaynaApHUM
CTPUXKHEM Mif, Ai€0 3rMHANBHOIO Ha-
BaHTaXeHHA 3abe3neyye HaNHUNKYUIA
piBeHb HanpyKeHb 0,2 MIa B 30Hi ne-
penomy, a TaKOX B MPOKCMMasibHOMY
dparmeHTi BE/IMKOTOMINIKOBOI KiCTKU —
0,8 MIMa. OgHak y anctanbHomy dpar-
MEHTI HanpyKeHHA BULLE, HiXK 3a iHWMX
BMAiB octeocnHTtesy — 13,1 MMa. [do-
CUTb BUCOKI HanpykeHHA 181,4 MIMa Bu-
HUKAKTb | HA CAMOMY CTPUIKHI, @ TaKOXK
Ha rBuHTAaX, Wo ¢ikcytoTb — 18,2 MMMa.

[aHi Npo MaKcMMmanbHi 3Ha4veH-
HA HanpyXeHb B efleMeHTax Moaenewn
rOMIJIKW NpU NepesoMi BeIMKOTOMISI-
KOBOi KiCTKM 3 pi3HUMM BapiaHTamu
OCTEOCUHTE3y NP 3rMHAIbHOMY HaBaH-
TaXKeHHi BennymHoto 700 H npepcras-
NeHi B Tabn. 2.

HaoyHO nMOpiBHATM 3Ha4yeHHA Ha-
NPyry Ha pPisHUX efleMeHTax mogeni ro-
MiJIKM 3 NepeslOMOM Be/IMKOrOMI/IKOBOI
KiCTKM 3 Pi3HUMM BapiaHTAaMM OCTEOCUH-
Tesy npu CTUCIMBOMY HaBaHTAXKEHHi
700 H mo»KHa 3a 4ONOMOTrOt0 giarpamm,
HaBeAeHOoi Ha puc. 8.

AK NOKa3aHOo Ha Ziarpami, 0OCTe0CUH-
Te3 BE/IMKOrOMIZIKOBOI KiCTKM KiCTKOBOI
NAacTUHOW MNpu nepenomax giadisa B

a
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PucyHok 6 — KapTuHa po3snoginy Hanpy»KeHb B MoAe/i FOMiNIKA Npu nepenomi
BE/IMKOrOMiNIKOBOI KiCTKU B CepefHiil TPeTUHI Ta OCTEOCUHTE3i HaKiCTKOBOIO NIACTUHOK
npv 3rMHaNIbHOMY HaBaHTaxXeHHi 700 H: a — 3aranbHuii Burnag,; 6 — 3oHa nepenomy;

I

B — Nepepi3 BE/IMKOrOMiNIKOBOI KiCTKM.
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PucyHOK 7 — KapTuHa po3noginy HanpyKeHb B MOAE/Ni FOMINKK Npu nepenomi
BEJIMKOrOMINIKOBOT KiCTKU B cepeAHiii TPeTUHI Ta OCTeOCUHTE3i iHTpameaynsapHUM
CTPUMKHEM NPU 3rMHAIbHOMY HaBaHTaxeHHi 700 H: a — 3aranbHuii Burnag; 6 — 3oHa

Tabnuua 2 — BeaMunHa makCMManbHOI Hanpyru
B e/leMeHTax Mmoae/ieil romMinKu npu nepenomi
BEJIMKOrOMIJIKOBOI KiCTKM 3 pi3HMMM BapiaHTamum
OCTEOCUHTE3Y NMPU 3rMHAIbHOMY HaBaHTaXKEeHHI

sennumHoto 700 H

L. Hanpy»keHHa, MIMa
Bigain
HOpMma A3D NAacTUHa |CTepKeHb
NPOKCUMANbHUIA 1,5 3,2 1,7 0,8
AUCTaNbHUN 9,6 5,7 9,1 13,1
30Ha nepenomy 5,2 0,3 34,6 0,2
KOHCTPYKLiA 89,3 220,2 181,4
TBUHTU/CTPUNKHI 10,5 15,2 18,2

nepenomy; B — nepepis BeJIMKOromiNIKoBOi KiCTKU.

cepeaHiii TpPeTuHi MOKa3ye Fipwi NOKAa3HUKM BeSINYMH
HaMpy>KeHb NPW 3rMHAIbHUX HABAHTAXXEHHAX, came B
30Hi nepenomy, Tam, ge iHTpaMeayNssPHUA CTPUMKEHD i
AB® 3a6e3neuytoTb piBEHb HaMPY»KeHb A0 HY/IbOBOT No-
3HauKKW. BapTo Big3HAUUTU | HAMBULLNI PiBEHb HAMpPYTX
Ha Camii NNACTUHI.

Po3rnaHemo, AK NoOBOAATLCA MOAENI OCTEOCUHTE3Y
BEJ/IMKOTOMI/IKOBOI KiCTKM npwu ii nepenomi B cepegHin
TPeTuHi 3i 36i/blueHHAM HaBaHTaXKeHHs o 1200 H, wo
BiAnoBifae Basi nauieHTa 120 Kr. Po3noain Hanpyru y
mozeni 6e3 nepenomy npeacTaBieHo Ha puc. 9.

MigBULLEHHA BEAMYMHM HaBaHTaxeHHs Ao 1200 H
nNpu3BOAMTbL A0 NiABULLEHHA BE/IMYMH HaMNpyXKeHb Ha

40

Hanpyxenua, Mlla
= — P s (5] w
(=13 w [=] w = (5] (=] w

NPOKCHMANbHUA AMCTanBHUI

3o0Ha

a

BHopma BAIQ EnnacvHa B CTEpHEHD

30Ha nepenomy

250

Hanpy:enHa, Mla
— - [
2 ] s

wr
(=1

FBHHTH/CTP KM

HOHCTPYHUA

3oHa

BA3D EnnactuHa B CTEpHEHD

0

PucyHoK 8 — [liarpama maKkcMManbHUX 3HAYEHb HaNpPy»KeHb B e/IeMeHTax Mogeneil romiNIku Npu nepesiomi BeIMKOroMiNIKOBOT KiCTKU
B CepeAHiii TPeTUHI 3 Pi3HMMM BapiaHTaMM OCTEOCUHTE3Y Nif, 3rMHaIbHUM HAaBaHTaXKeHHAM BeandnHoto 700 H: a — B KiCTKOBI TKaHUHI;
6 — B eleMeHTax KOHCTPYKLLii.
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PucyHok 9 — KapTuHa po3noginy HanpyKeHb B MoAeNi FOMiIKu B HOPMi Npu 3rMHasibHOMY
HaBaHTaXKeHHi BennumHoto 1200 H: a — 3aranbHuii BUrNag; 6 — 3oHa nepenomy;
B — Nepepi3 BE/IMKOrOMiNIKOBOI KiCTKM.
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PucyHok 10 — KapTuMHa po3noginy HanpyeHb B MoAeni roMmiZIku Npu nepenomi
BE/IMKOrOMi/IKOBOI KiCTKM B cepefHiii TpeTuHi Ta octeocuHTtesi A3® nig, 3ruHanbHUm
HaBaHTaxXeHHaM 1200 H: a — 3aranbHuii BUrnag,; 6 — 3oHa nepenomy; B — nepepis
BEJIMKOrOMi/IKOBOI KiCTKM.

6

PucyHoK 11 — KapTuMHa po3nopainy HanpyeHb B MoAeNi roMinKu Nnpu nepenomi
BEJIMKOrOMiNIKOBOT KiCTKU B cepefHii TPeTUHI Ta OCTEOCUHTE3i HaKiCTKOBOIO NIACTUHOIO
niJ, 3rMHaNIbHUM HaBaHTaXKeHHAM 1200 H: a — 3aranbHuii BUrnag; 6 — 3oHa nepenomy;
B — Nepepi3 BE/IMKOrOMiNKOBOI KiCTKWU.
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PucyHOK 12 — KapTuMHa po3noainy HanpyeHb B MoAeni roMinKu Nnpu nepenomi
BEJIMKOTOMI/IKOBOT KiCTKU B cepefHiii TPeTUHI Ta OCTeOCUHTE3i iHTpameaynsapHUM
CTPUXKHEM Mif, 3rMHaNbHUM HaBaHTaXKeHHAM 1200 H: a — 3aranbHuii BUrnAg;

6 — 30Ha nepenomy; B — nepepi3 BeJIMKOrOMiNIKOBOI KiCTKU.

BCiX efiemeHTax mogeni. TaK, MaKcu-
MaNbHI HanpyXeHHAa BennumHow 16,5
MMa BMW3Ha4alOTbCA Ha AUCTa/IbBHOMY
KiHLi BEZIMKOrOMINKOBOI KiCTKW. Ha npo-
KCMMaNbHOMY KiHLi Hanpy»KeHHA BU-
3HAYalTbCA HA MiHIMaNIbHOMY PiBHI 2,6
MnMa. Y cepeaHili TpeTuHi giadisa senn-
KOrOMINIKOBOI KiCTKM piBEHb HaMpPy»KeHb
cTaHOBUTbL 8,9 MTlla.

PosrnaHemo, AK BNAuBae 36inbLweH-
HA HaBaHTaXeHHA Ha MOZAe/b FOMIJIKM
npuv nepenomi BEIMKOrOMiZIKOBOI KiCT-
KM B CEpeHii TpeTMHi Ta OCTEOCUHTESI
A3®. HanpykeHo-gedopmoBaHuUiA cTaH
moZaeni NnokasaHo Ha puc. 10.

Mpn BUKOPUCTaHHI OCTEOCUHTE3Y
A3® npu nikyBaHHi nepenomis BeAUKO-
FOMI/IKOBOI KiCTKM B cepeaHili TpeTuHi
36iNblIEHHS BE/IMYMHU HaABaAHTAXKEHHA
Ha KiHuiBKy oo 1200 H BMKAWKae nia-
BULEHHA MaKCMMaNbHOrO pPiBHA Ha-
npyxeHb o 9,8 Mlla B AnctanbHomy
dparmeHTi BE/IMKOTOMINIKOBOT  KiCTKM.
Y npoKcMmanbHOMY BigAini Hanpyru
3pocTtatoTb Ao 5,5 Mla. Y 30Hi nepeno-
My Be/IMYMHA HAMpPYXKeHb TaKOX 36inb-
WYETbCA, ane 3aNULIAETbCA AOCUTb
HU3bKomy piBHi — 0,5 MIMa. 3HayHe nig-
BULLEHHA piBHA Hanpyru go 153,1 MMMa
CnocTepiraetbca Ha enemeHTtax A3® i
Ha KpalHix QiKCylUYMX CTPUNKHAX — 40
18,0 MNa.

PucyHok 11 Bigobparkae Hanpy-
KeHo-4edopMOBaHUI cTaH moaeni ro-
MINKN 3 NepenoMom BEAMKOrOMINKOBOI
KICTKM B cepenHilit TPeTuHi i ocTeoCuH-
T€30M HaKiCTKOBOIO NAACTUHOIO Nif, 3rn-
HA/IbHUM HABaHTAXKEHHAM Be/IMYMHOIO
1200 H.

AHanoriyHi 3MiHM HanpyxeHo-ge-
dopmoBaHoro ctaHy BiabysatoTbcA i B
MoZeni 3 OCTEOCMHTE30OM HaKICTKOBOIO
NAacTMHO. 30HA HalbinblWKX Hanpy-
YKeHb 3a/IMWAETbCA Ha AiNAHLI nepeno-
MY, Zle HaMnpy»KeHHA CAratoTb NO3HAYKK
59,3 MMa. HanpyXeHHA B AMUCTaNbHO-
My Ta MPOKCMMasibHOMY dparmeHTax
BEJIMKOTOMINIKOBOI KiCTKM MigBULLYIOTb-
ca po 15,6 MnNa Tta 2,9 MIa Bignosia-
HO. Ha ¢iKcytoumx rBUHTAX MaKCMMmasib-
Hi 3HAYEHHA HanpyXeHb 3pOCTaloTb A0
nosHayku 26,1 MMMa, we 6inbwi Hanpy-
YKEHHA BUHMKAIOTb Y HaKICTKOBIM naac-
TUHIi — 377,4 MMa.

Ha octaHHbOMy eTani po3rniaHemo
pPO3M04in HAaNPY»KeHb B MOAENI FOMINIKK
npu nNepenomi BeNIMKOroOMiZIKOBOI KiCT-
KW B cepeaHii TPpeTUHi Ta OCTeOCUHTESI
iHTPAMEAYNAPHUM CTPUNKHEM NPU 3TU-
Ha/ZIbHOMY HABAHTAXEHHI BEeAUYUHOO
1200 H, HaBeageHe Ha puc. 12.

Mogaenb BENMKOrOMINIKOBOI KiCTKM
npu ii nepenomi B cepegHii TpeTuHi
3 OCTEOCHHTE30M iHTpPamMeayNApHUM
CTPU)KHEM pearye Ha MiABULLEHHA 3TU-
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Hato4yoro HaBaHTaxeHHa Ao 1200 H Tak camo, AK i no-  Tabauua 3 — BeAMUNMHU MaAKCMMaNbHUX HaNpy}KeHb

nepeaHi mogeni, NigBULLEHHAM PiBHA HanpyXeHb Ha B e/leMeHTax mogenieil FoMinKu npu nepenomi
BCiX efiemeHTax. Tak, y AMCTaZlbHOMY Ta MPOKCMMasib- BEJINKOrOMi/IKOBOI KiCTKM B cepefHiii TpeTuHi
HOMY ¢parmeHTax KiCTKM MaAKCMMasibHI HanpyXeHHs 3 pisHUMM BapiaHTaMM OCTEOCUHTE3Y NpwU
36inblWwytoTbes Ao 22,5 MMa Ta 1,4 MNa, BignosigHo. Y 3rMHa/IbHOMY HaBaHTa)XeHHi BeanunmHow 1200 H
30Hi NepenomMy Hanpy»KeHHA TaKoX NiABULLYIOTbCA, ane - e D
3a/MWA0TbCA AyXe HU3bkumu 0,3 Mrlla. Te came cno- Bigain
CTEPIraeThea i Ha IKCYHOUMX FBUHTAX, Ae PiBEHb HANpPy- GCRLEN AERD|[IDEECTE || EERERD
eHb He nepesuLlye 31,2 MIMa. HanpyeHHA B camomy NPOKCUMANbHUIA | 2,6 5,5 2,9 1,4
CTPUXKHI focAratoTb no3Hayvyku 310,9 Mla. ANCTaNbHUN 16,5 9,8 15,6 22,5

Y 1abn. 3 HaBeZeHi AaHi Npo 3Ha‘-IEHTﬂ Magcmmanb- 30Ha nepenomy 8,9 0,5 593 0,3
HUX Hanpy)KeHb B e/leMeHTax Moaesnel romMifku npu -

. . o .o . KOHCTPYKL,iA 153,1 377,4 310,9

nepesomi BEIMKOrOMIZIKOBOT KiCTKM B cepefHill TPeTUHi
3 Pi3HWMM BapiaHTaMM OCTEOCHMHTE3Y Mif 3TUHANbHUM | TBUHTU/CTPMXHI 18,0 26,1 31,2

HaBaHTaXeHHAM BennynHoto 1200 H.
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PucyHok 13 — [liarpama maKcMmanbHUX 3Ha4eHb Hanpy>KeHb B eleMeHTax moAeneid romMiIKu Npu nepenomi Be/IMKOromMinIKoBoi KiCTK1
B CepeaHiil TPETUHI 3 Pis3HUMM BapiaHTaMM OCTEOCUHTE3Y Nif 3rMHAaIbHUM HaBaHTaXKeHHAM BeiMumHolo 1200 H:
a — B KiCTKOBI#1 TKaHUHi; 6 — B enemeHTax KOHCTPYKLiii.
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PucyHok 14 — Fpadiku 3aneXHOCTi 3HaueHb HanNpy}XeHb B MOAE/i BE/IMKOrOMiZIKOBOT KiCTKMU NpH ii nepenomi B cepefHiit TPeTUHi Ta pisHUX
BWAaX OCTEOCMHTE3Y Bif, Baru Naui€HTa: a — B NPOKCMManbHoOMy pparmeHTi; 6 — B AuctanbHomy dpparmeHTi; B — B 30Hi nepesiomy.
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PucyHOK 15 — padiK 3aneKHOCTi BeAMUMHU HAaNpy)KeHb B e/1IeMeHTaX MeTaJIOKOHCTPYKLiM Ta Ha ¢iKcylounx rBuHTax y mogeni
BEJIMKOrOMiNIKOBOT KiCTKM Npu Ti nepenomi B cepegHiii TPeTUHI Ta pi3HMX BUAIB OCTEOCUHTE3Y Bif Baru nauieHTa: a — B e1emeHTax
KOHCTPYKLi; 6 — Ha BiKCYIOUUX FBUHTAX Ta CTPUIMKHAX.

[OnAa 3pyyHilloOro NOpiBHAHHA 3HAYEHb HaMnpyXeHb
Ha Pi3HUX eNleMeHTax Mmogenen romifku 3 nepesomom
BEJIMKOTOMIIKOBOT KiCTKW i Pi3HWMM BapiaHTaMK OCTeo-
CMHTE3y Npwu 3rMHAaNbHOMY HaBaHTa*keHHi 1200 H noby-
[0BaHa giarpama, 306parkeHa Ha puc. 13.

AIK NOKa3aHo Ha giarpami, npu 36iNblUEHHI HaBaH-
Ta’KEHHA Ha FOMIJIKy OCTEOCMHTE3 HaKiCTKOBOK NAaCTU-
HOO NMOKA3ye HaMripLWi pe3ynbTaTv 3 Nora4y po3noainy
HanpyKeHb came B 30Hi Nepesomy.

[nsa HAaOUYHOTO yABNEHHA NPO 3MiHW 3HAYeHb Hanpy-
YKeHb B e/1eMeHTax Be/IMKOrOMIZIKOBOI KiCTKM npw ii ne-
penomi B cepegHiit TPeTUHI Ta Pi3HMX BUAIB OCTEOCUH-
Te3y B 3a/1€XKHOCTI Bif, Barv nauieHTa byam nobynosaHi
rpadiku, aKi HaBeaeHi Ha puc. 14.

AK 6a4MMO, 3MiHM BENUYMH HaMpPyXKeHb B KiCTKOBIN
TKaAHWHI B 3a/1€XKHOCTI Bif, Barn nawieHTa MatoTb NiHIAHY
3anexHicTb. Mpu ybomy A3®P Ta iHTpameayNAPHUIN CTPU-
eHb 3a6e3neyytoTb 3HUKEHHA BEIMYUH HANPYKeHb B
30Hi Nepenomy HuKYe pPiBHA MOKa3HUKIB ANA HeyLlKo-
[O)KEHOI KICTKM. HakicTKOBa M1acTMHA MOKa3ye 3Ha4yHO
ripLwi NOKa3sHWKK PiBHA HanNpy»XeHb, AK y 30Hi nepenomy,
TaK i B AUCTaNbHOMY BifAiNi BEIMKOrOMIIKOBOI KiCTKW.
Y nNpoKcuMmanbHOMY BiAAini HaBULLMA piBEHb Hanpy-
YKeHb BM3HAYaETbCA B MOAeNi 3 ocTeocMHTe3om A3D,

MpadikK, Wo NokasaHi Ha puc. 15 4eMOHCTpYOTb 3a-
NIEXHICTb 3HAaYEHb HaMNpyXeHb B e1leMeHTax MeTaneBUxX
KOHCTPYKL,i NPU OCTEOCMHTE3i BEJIMKOTOMI/IKOBOI KiCT-
KM 3 MepesioMOM Yy CepeaHili TPeTUHI 3a1eXHO Big, Baru
naujieHTa.

Tak camo, AiK i B KiCTKOBIN TKaHMHI, y MeTasieBUX KOH-
CTPYKLIAX BEAWYMHM HaMpyKeHb MPAMONPONOPLLIAHO
3a/1eXKaTb Bif, Barv nauieHta. Hanbinblwi Hanpy*KeHHsA
BMHMKAIOTb Y HAKICTKOBIM NaacTuHi. Ha dikcytoumx reuH-

Tax Ta CTPUMKHAX HAWBULLUI PiBEHb HAMpPYXKEHb BU3HA-
YaETbCA NPU BUKOPWUCTAHHI iIHTPaMeAYyNAPHOTO CTPUXK-
HA, MiHIManbHUI — NPU BUKOPUCTaHHI A3D.

BucHoBKM.

1. Hanripwi NoKasHMKW PiBHA HaAMpy»KeHb B 30Hi
nepenomy (Big 34,6 go 59,3 Mra) Ta meTaneBoi KOH-
CTPyKu;i (Big 220,2 po 377,4 MIa) BU3HaYeHi Npu BUKO-
PUCTaHHI HaKICTKOBOI NA1ACTUHW. PaHHI HaBaHTaXKeHHS,
B AAHOMY BUMAAKY, MOXYTb CTaTW MPUYUHOK BUTUHY
NNacTUH, i, AK HACNiAOK, HEeMnpaBU/IbHOIMO 3POLLEHHA
dparmeHTiB BE/IMKOrOMiNIKOBOI KiCTKM.

2. OcteocuHTes 3a gonomoroto A3d 3abesneuye ao-
CUTb HU3bKWUI piBeHb Hanpyru (Big 0,3 go 0,5 MMMa) B
30Hi Nepesiomy, BapTo BiA3HAUYNTM | HAMHWMMKUNIA piBEHDb
Hanpyr1 Ha camomy anapary (Big 89,3 go 153,1 MMa).

3. HalHMKYi NOKa3HMKKM Hanpy»KeHb B 30Hi nepesio-
my (Big 0,2 go 0,3 MMa) Ta y npokcumanbHomy dpar-
MEHTI Be/IMKOromMinKkoBoi Kictku (sig 0,8 ao 1,4 MMMa)
BM3HAYAOTbCA NMPU BUKOPUCTAHHI OCTEOCUHTE3Y iHTpa-
MeayNAPHUM CTPUXKHEM, HeAONIKOM OAHOro BMAy OcC-
TEOCUHTE3Y € LOCUTb BUCOKUI PiBEHb HAMpPYKeHb Ha ca-
MOMY CTPUXHI (Big, 181,4 no 310,9 MTa) i Ha dikcytoumx
remHTax (Big 18,2 oo 31,2 MnNa).

MepcnekTMBM NOAANBLUNX [OCNIAKEHD.

B noganbliomy nAaHyoTbCA AOCNIAMKEHHA BapiaHTIB
OCTEOCUHTE3Y KiCTOK FOMINIKK NpU iX Mepeniomi B HUMKHIl
TPETUHI B 3aN1€XKHOCTI BiJ, Barv nauieHTa. AHanorivyHi go-
CNigXKeHHA NNaHYITbCA | A1 OCTEOCUHTE3Y Mepesiomis
CTErHOBOI KiCTKW. Pe3ynbTaTu [OCAigMKeHb CnpuArTb
onTMManbHoMy BMGOPY 3acobiB ocTeoCUHTE3y npu ne-
penomax KiCTOK HUMKHIX KiHLiBOK 41A MaLi€HTIB 3 Haa-
JINLLIKOBOIO MACOIo Tina.
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AHA/I3 HAMPYXEHO-AE®OPMOBAHOIO CTAHY MOZE/I BE/IMKOrOMIZIKOBOI KICTKW MPU i NEPE/IOMI B
CEPEJHIA TPETUHI 3 PI3HUMMW BAPIAHTAMW OCTEOCUHTE3Y B YMOBAX 3POCTAIOYOIO 3rMHAJIbBHOIO HA-
BAHTAXKEHHA

Ctpoes M. l0., bepesKka M. I., lpuropyk B. B., KapniHcbkuit M. 10., fipecbKo O. B., Cy66oTa I. A.

Pestome. Bcmyn. B gaHuii Yac cnocTepiraeTbCs 3pOCTaHHA NePesioMiB KiCTOK HUMKHbBOI KiHLiBKM (47,3%), cepen
AKMX 45-56% cTaHOBAATbL AiadisapHi Nnepenomm KicToK rominku. 3rigHo 3 JaHUMKU MeAMKO-COLiaNbHOI eKCnepTHOT
KoMicii M. XapKoBa, binblwe 50% ycknagHeHb 6yan nNoB’a3aHi 3 NiKyBaHHSAM NepesiomiB KiCTOK FOMINIKK, WO Cnpuyn-
HWno 27,9% iHBanigHocTi.

Mema. MpoBecTn NOPiIBHANBHUI aHaNi3 HanpyXeHo-4edOPMOBAHOIO CTaHy MoAenei Be/IMKOrOMINIKOBOI KiCTKM
npu ii nepenomi B cepegHili TPETUHI 3 PiSHUMKM BapiaHTaMM OCTEOCUHTE3Y NiJ, BNJMBOM 3rMHANIbHOrO HaBaHTAXKEHHSA
3a/1eXKHO BiJ, Barn nawieHTa.

06’ekm i Memodu OocnidnceHHs. bazoBa moge b iMiTyBala Mepesiom BE/IMKOrOMIJIKOBOI KiCTKM B cepeaHilt Tpe-
TUHI Ta TPM TUNKU OCTEOCUHTE3Y 3 BUKOPUCTAHHAM anapaTy 30BHiWHbOT ¢ikcauii (A3®), HaKiCTKOBOI NiacTUHM Ta
iHTpameZynApHOro cTpmxHA. Mogeni gocnigxKyBanuca nig BNAMBOM 3rMHANbLHOIO HaBaHTaxkeHHA 700 H ta 1200 H.

Pe3ynomamu. Y HOpMi NpU 3rMHANBbHOMY HaBaHTAXEHHI MaKCMMabHI HANPY»KeHHA BennvnHoto 9,6 MlMa Bu3sHa-
4aloTbCA B AMCTaNIbHOMY BiAAini BENMKOTOMINKOBOI KiCTKU. Mpu BUKOPUCTaHHI ocTeocMHTe3y A3P maKkcMmanibHUM
piBeHb Hanpy*KeHb 5,7 MIa cnocTepiraeTbcs B AUCTaNIbHOMY GppParMmeHTi BE/IMKOFOMIIKOBOI KiCTKW. Mpu ocTeoCHH-
Te3i HAaKiCTKOBOI NIACTMHOK 30Ha MAaKCMMa/IbHUX HAMNPYKeHb 3MiLLYETbCA B 30HY Nepesiomy, e Hanpyru caraoTb
34,6 MMMa. OcTeocHHTE3 iHTpameayNAPHUM CTPUNKHEM 3abe3nedye HallHMXKYMNI piBeHb HanpykeHb 0,2 MIa B 30Hi
nepesiomy, a TakoXK Yy NPOKCMManbHOMY GpparmeHTi BeJIMKOroMiIkoBoi KicTkn — 0,8 MIa.

MigBULLEHHA BEAMYNHM HaBaHTaxeHHA 0 1200 H np13BoauTb 40 NiABULLEHHA BEAMYNH HAMpPYXKeHb Y BCiX ene-
MeHTax mogeni. Mpu BUKopucTaHHi octeocnHTesy A3® 36inblueHHs HaBaHTaxKeHHA 40 1200 H BUKAMKAE NiaBULLLEH-
HA MaKCMMabHOro piBHA Hanpyrn go 9,8 Mla B AuctanbHoMy GparmeHTi BE/IMKOTOMIIKOBOI KiCTKW. AHaANOrIYHi
3MiHM BiabyBalOTbCA | B MOZENi 3 OCTEOCUMHTE30M HaKIiCTKOBOK MAAacTUHOW. 30Ha Hanbinbwoi Hanpyru 59,3 Mlla
33/IMWAETHCA HA AinAHUi nepenomy. [Npn OCTEOCUHTESI IHTPaMeaYNAPHUM CTPUNKHEM HAMPYXKEHHA B ANCTAIbHOMY
Ta NPOKCMMaNbHOMY dparmeHTax KicTKuM 36inbwytoTbea Ao 22,5 Mla Ta 1,4 MMMa signosigHo.

BucHosKu. Halripwi NOKasHWKM piBHA HanpyxeHb B 30Hi nepenomy (Big 34,6 oo 59,3 MIa) Ta meTanesoi KOH-
CTpYKU;i (Big 220,2 ao 377,4 MMa) BU3HaYeHi NpM BUKOPUCTAHHI HaKICTKOBOI NAAaCTUHWU. PaHHI HaBaHTa)KeHHS, B
AaHOMY BUNAZKY, MOXKYTb CTaT NPUYMHOK BUTMHY NAACTUH, i, AK HACNiA0K, HENPaBUbHOTO 3POLLEHHA pparmeHTiB
BE/IMKOrOMINIKOBOI KicTKU. OcTeocnHTe3 3a gonomoroto A3dD 3abesneuye fOCUTb HU3bKUI piBEeHb HanpyXeHb (Big
0,3 go 0,5 MTa) B 30Hi Nepenomy, BapTo BiA3HAYMTU | HAMHMIKUMIA piBEHb HAMpPyXeHb Ha camomy anapaTy (Big
89,3 go 153,1 Mra). HanHuK4i NOKa3HMKM HanpyKeHb B 30Hi nepenomy (Big 0,2 go 0,3 MIa) i B NpoKcMmaibHOMY
dparmeHTi BENMKOromMinKoBoi KicTku (Big 0,8 Ao 1,4 MIMa) BU3HaYatoTbCA NPU BUKOPUCTaHHI OCTEOCUHTE3Y iHTpame-
OYNAPHUM CTPUMKHEM, HEA0/IKOM aHOT0 BUAY OCTEOCUHTE3Y MOXKHA BBaXKaTW AOCUTb BUCOKUI pPiBEHb HanpyXeHb
Ha camomy CTpuKHi (Big 181,4 no 310,9 MMa) i Ha dikcytounx remHTax (Big 18,2 no 31,2 MMa).

Knto4yoBi cnosa: romisika, nepenom, 3ruH, OCTEOCHHTES.

ANALYSIS OF THE STRESS-STRAIN STATE OF THE TIBIAL MODEL IN CASE OF ITS FRACTURE IN THE MIDDLE THIRD
WITH VARIOUS TYPES OF OSTEOSYNTHESIS UNDER CONDITIONS OF INCREASING BENDING LOAD

Stroev M. Yu., Berezka M. I., Grigoruk V. V., Karpinsky M. Yu., Yaresko A. V., Subbota I. A.

Abstract. Introduction. Currently, there is an increase in fractures of the bones of the lower limb (47.3%), among
which 45-56% are diaphyseal fractures of the bones of the lower leg. According to the medical and social expert
commission of Kharkov, more than 50% of complications were associated with the treatment of fractures of the
bones of the lower leg, which caused 27.9% of disability.

Target. To conduct a comparative analysis of the stress-strain state of the tibial bone models in case of its frac-
ture with various types of osteosynthesis under the influence of a bending load, depending on the patient’s weight.

Materials and methods. The basic model simulated a fracture of the tibia in the middle third and three types of
osteosynthesis using an external fixation device (EFD), an external platinum plate, and an intramedullary nail. The
models were studied under the influence of a bending load of 700 N and 1200 N.

Results. Normally, with a bending load, the maximum stresses of 9.6 MPa are determined in the distal tibia.
When using EFD osteosynthesis, the maximum stress level of 5.7 MPa is observed in the distal fragment of the tibia.
During osteosynthesis with an extraosseous plate, the zone of maximum stresses shifts to the fracture zone, where
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the stresses reach a value of 34.6 MPa. Osteosynthesis with an intramedullary nail provides the lowest stress level
of 0.2 MPa in the fracture zone, as well as in the proximal fragment of the tibia — 0.8 MPa.

An increase in the load value to 1200 N leads to an increase in the stress values in all elements of the model.
When using EFD osteosynthesis, an increase in load to 1200 N causes an increase in the maximum stress level to 9.8
MPa in the distal fragment of the tibia. Similar changes occur in the model with bone plate osteosynthesis. The zone
of greatest stresses 59.3 MPa remains at the fracture site. During osteosynthesis with an intramedullary rod, the
stresses in the distal and proximal bone fragments increase to 22.5 MPa and 1.4 MPa, respectively.

Conclusions. The worst indicators of the stress level in the fracture zone (from 34.6 to 59.3 MPa) and the metal
structure (from 220.2 to 377.4 MPa) were determined using a bone plate. Early loads, in this case, can cause bending
of the plates, and, as a result, incorrect fusion of the tibial fragments. Osteosynthesis using EFD provides a fairly low
level of stress (from 0.3 to 0.5 MPa) in the fracture zone, it is worth noting the lowest level of stress on the device
itself (from 89.3 to 153.1 MPa). The lowest stress values in the fracture zone (from 0.2 to 0.3 MPa) and in the proxi-
mal fragment of the tibia (from 0.8 to 1.4 MPa) are determined when osteosynthesis with an intramedullary nail is
used, the disadvantage of this type of osteosynthesis can be considered a rather high stress level on the rod itself
(from 181.4 to 310.9 MPa) and on the fixing screws (from 18.2 to 31.2 MPa).

Key words: lower leg, fracture, bend, osteosynthesis.
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