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Fractures of the proximal epimetaphysis of the tibia are the most common fractures in the knee joint area. Double
fixation with plates is considered the gold standard, but recent studies have found no significant difference between
the use of single and double plates. The aim is to investigate the stress-strain state of a model of the lower leg with
a comminuted fracture of the proximal end of the tibia under various options for its osteosynthesis with periosteal
plates under the influence of compressive load. Under the influence of vertical compressive load, three osteosynthe-
sis options were studied: a plate on the medial side, on the lateral side, and two plates on both sides. The stresses
in the model with two plates slightly exceed the minimum values for unilateral models but differ significantly from
the maximum values. The plate applied to the lateral side ensures the lowest level of stress on all areas of the tibia,
except for bone fragments in the fracture zone. The plate on the medial side ensures minimal stress on the screws in
the metaphyseal area, while the plate on the lateral surface minimises stress on both the plate itself and the screws
in the diaphysis. Two plates ensure uniform stress distribution between the elements of the metal structure.

The model of osteosynthesis with two plates enables the application of stress to the bone elements of the model,
with the level of stress at all control points occupying an intermediate position compared to models with unilateral
plate placement. The plate provides a lower level of stress in bone fragments in the fracture zone on the medial
side. On all other elements of the tibia, the minimum stress level is determined by osteosynthesis with a plate on the
lateral side. Uniform stress distribution between the metal structure elements is ensured by osteosynthesis with two
plates.

Key words: lower leg, tibia, multifragmentary fracture, osteosynthesis.

Connection of the publication with planned re-
search work.

The work was carried out within the framework of
the research project “Develop and implement technol-
ogies for replacing bone defects in victims with com-
bat trauma to the limbs”, state registration number
0123u101089.

Introduction.

Fractures of the proximal tibial epimetaphysis (PTE)
account for 8.9% to 11% of tibial fractures and up to 87%
of knee fractures. In this group, fractures of the lateral
condyle occur in 52% to 80% of cases, medial condyle —
up to 7%, and comminuted fractures —in 41% of patients
[1].

Given the disadvantages of conservative treatment,
especially in young patients with comminuted fractures,
the surgical method is a priority [2].

Internal fixation can be achieved with a variety of de-
signs, both with individual screws and plates, in order
to provide absolute stability to support the articular sur-
face [3, 4].

Double plate fixation is considered the gold standard
[5], however, modern studies using single and double
plates have not found a significant difference between
the groups [6].

At the same time, the total proportion of postop-
erative complications when using double fixation, ac-
cording to various authors, is about 11.4%. The analysis
of postoperative complications indicates that patients
who underwent a single surgical approach had a lower
complication rate (2.25%) compared to two approaches
(33.3%) [7].

Given the above, deepening knowledge in this area is
objectively determined and justified.

The aim of the study.

To investigate the stress-strain state of a tibia model
with a multifragmentary fracture of the proximal end of
the tibia under different variants of its osteosynthesis
with periosteal plates under compressive load.

Object and research methods.

To simulate osteosynthesis of the tibia with a multi-
fragmentary fracture of its proximal end, a basic finite
element model of the tibia was developed in the bio-
mechanics laboratory of the “Sytenko Institute of Spine
and Joint Pathology of the National Academy of Medical
Sciences of Ukraine” [8], which included the tibia and
fibula (fig. 1).

Figure 1 — Basic model of the lower leg.
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Figure 2 — Model of the tibia with a multifragmentary fracture of the proximal end: a — front view; b — back view; c — top view.

A multifragmentary fracture was modeled at the
proximal end of the tibia by dividing it in different planes
(fig. 2). The material in the intervals between the frag-
ments was given the properties of an interfragmental
regenerate.

We studied 3 variants of osteosynthesis of the proxi-
mal end of the tibia with periosteal plates: a plate on the
medial side, a plate on the lateral side, and 2 plates on
both sides (fig. 3).
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during unipedal standing. The distal end of the tibia was
rigidly fixed. The loading scheme of the models is shown
in fig. 4.

To compare the stress-strain state of the models, the
maximum stresses in the proximal and distal tibia frag-
ments, in the fracture zone, in the metal structure, and
in the bone tissue around the fixation screws were de-
termined. The location of the control points is shown in
figure 5 and table 2.

C

Figure 3 — Variants of osteosynthesis of the proximal end of the tibia with its multifragmentary fracture: a — plate from the medial side; b -
plate from the lateral side; c — two plates from both sides.

In our study, the material was assumed to be ho-
mogeneous and isotropic. A 10-node tetrahedron with
guadratic approximation was chosen as a finite element.
All materials used in the models were assigned appropri-
ate mechanical properties, such as Young’s modulus of
elasticity and Poisson’s ratio. The mechanical properties
of biological tissues were chosen according to the liter-
ature [9, 10]. The properties of metal structures were
chosen according to the technical literature [11]. Data
on the mechanical characteristics of the materials used
in the modeling are given in table 1.

All models were tested under the influence of a ver-
tical compressive load. To do this, a distributed load of
700 N was applied to the articular surface of the tibia,
which simulates the load of a person’s body weight

Table 1 — Mechanical characteristics of materials
used in modeling

Material Young’s modulus (E), Poisson’s ratio,
MPa n
Cortical bone 18350 0,29
Spongy bone 330 0,30
Bone regenerate 1,00 0,45
Surgical steel 2,1:10° 0,2

The models were studied using the finite element
method. Mises stresses were used as a criterion for as-
sessing the stress-strain state of the models [12].

Modeling was performed using the SolidWorks com-
puter-aided design system. Calculations of the stress-
strain state of the models were performed using the
ANSYS software package [13].

Figure 4 — Model loading diagram.
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Figure 5 — Control point location diagram: a — front view; b — back view; ¢ — top view (screws); d — front view (screws)

Research results and their discussion.

The first stage of the study was to investigate the
stress-strain state of a tibia model with a multifrag-
mentary fracture of the proximal end of the tibia and
its osteosynthesis with a periosteal plate on the medial
side. The stress distribution in the bone elements of the
model is shown in fig. 6.

Under the influence of compressive load in the tibia
model with a multifragmentary fracture of the proximal
end of the tibia and osteosynthesis with a plate on the
medial side, the maximum stresses occur around the
fixation screws in the diaphysis, where they reach 13.5
MPa, and around the screws in the interfragmental spac-
es—12.5 MPa. The lateral condyle is also quite stressed,
where the stress peak is determined at 7.8 MPa, while
the stresses on the lateral condyle do not exceed 1.0
MPa. This is due to the presence of a bone plate on the
medial side, which ensures fixation of the fragments
and, thus, rigid load transfer between them. The poste-
rior surface of the tibia in the fracture area was stressed
twice as much as the anterior surface — 5.9 MPa versus
2.8 MPa. Stresses in the intertrochanteric area were de-
termined at the level of 2.4 MPa.

The stress-strain state of the elements of the metal
structure is shown in fig. 7.

When the onlay plate is applied from the medial side
under the influence of a compressive load, the maxi-
mum stresses of 177.7 MPa occur in the plate. Among
the fixation screws, the screws in the metaphyseal zone
are subjected to the highest loads, which causes high
stresses of up to 123.4 MPa. The stresses on the screws
in the diaphyseal part of the tibia are almost 50% lower
and do not exceed 86.2 MPa.

The next stage of the work was to study the distribu-
tion of stresses in a tibia model with a multifragmentary

Table 2 — Checkpoints
Model element

2
0

Medial condyle
Lateral condyle
Anterior surface in the fracture zone
Posterior surface in the fracture zone

Bone around screws in the intercondylar area (medial)

Bone around screws in the intercondylar area (lateral)
Bone around screws in the diaphysis (medial)
Bone around screws in the diaphysis (lateral)
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fracture of the proximal end of the tibia and osteosyn-
thesis with a plate on the lateral side. The stress-strain
state of the bone elements of the model is shown in
fig. 8.

The location of the periosteal plate on the lateral
side in osteosynthesis of multifragmentary fractures of
the proximal end of the tibia under compressive load
causes maximum stresses of 24.9 MPa in the bone
around the screws in the intertibial zone. As a result, we
observe a high level of stresses of 9.0 MPa around these
screws and in the interfragmental spaces. As a positive
consequence, it should be noted that the stress level in
other control points of the model is low, where it does
not exceed 2.5 MPa.

ISSN 2077-4214. BicHuk npo6nem 6ionorii i megnuunm — 2025 — Bun. 2 (177) / Bulletin of problems in biology and medicine — 2025 - Issue 2 (177)

https://www.pdmu.edu.ua/ 1a https://vpbim.com.ua/

331



METOAUN TA METOAUKU / METHODS AND METHODOLOGIES

|

200

4,5
3,5
25
15
1
05
¢ 0

i

S

[¥E )

L]

Figure 6 — Stress distribution in the bone tissue of a model of the tibia with a multifragmentary fracture of the proximal end of the tibia
and osteosynthesis with a plate on the medial side: a — general view; b — front view (section along the screws in the diaphysis); c — top view
(section along the screws in the metaphysis).

228,31

Figure 7 — Stress distribution in the elements of the metal structure
of the tibia model with a multifragmentary fracture of the proximal
end of the tibia and osteosynthesis with a plate on the medial side.

AL

two bone plates located on both sides of the tibia. The
stress-strain state of the model is shown in fig. 10.

The use of two bone plates leads to a more uniform
distribution of stresses in the bone elements of the
model. Compared to the variants of unilateral place-
ment of the bone plates, the stress level at all test points
is higher than the lowest value but lower than the high-
est. The maximum stress of 20.3 MPa is determined on
the bone fragments in the intercondylar zone around
the screws placed on the lateral side.

Fig. 11 shows the stress-strain state of the elements
of metal structures in the model with osteosynthesis
with two plates.

As for the stress level in the metal structural ele-
ments, the same trend is observed as in the bone ele-
ments of the model. Stresses on the medial plate are

200

5
45
3,5
3

2
1
c 0

=

2,5
15
0,5

Figure 8 — Stress distribution in the bone tissue of a model of the tibia with a multi-fracture fracture of the proximal end of the tibia and
osteosynthesis with a plate on the lateral side: a — general view; b — front view (section along the screws in the diaphysis); ¢ — top view
(section along the screws in the metaphysis).

The stress distribution in the elements of the metal
structure can be observed in fig. 9.

The high level of stresses in the bone fragments
around the screws in the interdental zone is due to the
high level of stresses of 268.3 MPa on these screws. At
the same time, the periosteal plate is practically not
loaded, as evidenced by a very low stress level in it —
38.2 MPa. On the screws located in the diaphysis of the
bone, the stress level is determined to be the lowest —
15.1 MPa.

At the final stage of the work, we modeled a variant
of osteosynthesis of the proximal end of the tibia with

determined at 88.5 MPa, which is twice lower than the
model with its unilateral location, but on the lateral
plate, the stresses are almost twice as high as the unilat-
eral model and equal to 63.9 MPa. The stresses on the
screws in the diaphysis of the tibia are even more pro-
nounced, which are determined at 10.4 MPa and 40.8
MPa on the medial and lateral sides, respectively, which
is 8 and 3 times lower than the corresponding unilateral
models. The maximum stresses of 121.0 MPa occurred
on the screws in the intercondylar zone on the lateral
side, which is also 2 times lower than the single-plate
model. The stresses on the screws in this zone on the
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medial side do not exceed 15.6 MPa, which is lower than
the model with unilateral fixation on the same side.

Data on the maximum stress values at all control
points of the models are given in table 3.

The diagram shown in fig. 12 allows us to visually
compare the stress values in the bone elements of tibia
models with a multifragmentary fracture of the proximal
end of the tibia under different variants of its osteosyn-
thesis.

As can be seen in the diagram, the two-plate osteo-
synthesis model allows obtaining stresses in the bone
elements of the model, the level of which in all control
points occupies an intermediate position between the
maximum and minimum stresses in the same points on
models with unilateral plate arrangement, regardless
of which model has the maximum or minimum value
of the indicator. It should be noted that the stresses at
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Figure 9 — Stress distribution in the elements of the metal structure
of the tibia model with a multifragmentary fracture of the proximal
end of the tibia and osteosynthesis with a plate on the lateral side.
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Figure 10 — Stress distribution in the bone tissue of the model of the tibia with a multifragmentary fracture of the proximal end of the tibia
and osteosynthesis with two plates: a — general view; b — front view (section along the screws in the diaphysis from the medial side); c —
front view (section along the screws in the diaphysis from the lateral side); d — top view (front view along the screws in the metaphysis from
the medial side); e — top view (front view along the screws in the metaphysis from the lateral side).

the control points determined on the two-plate model
slightly exceed the minimum values at these points for
the one-sided models, but differ significantly from the
maximum values. With respect to the models with uni-
lateral plate placement, the medially applied plate pro-
vides a lower stress level in the bone fragments in the
fracture zone, but the plate applied laterally provides a
lower stress level in all other areas of the tibia.

The diagram shown in fig. 13 allows comparing the
level of stresses in the elements of metal structures in
tibia models with a multifragmentary fracture of the
proximal end of the tibia under different variants of its
osteosynthesis.

The diagram above clearly demonstrates that osteo-
synthesis with two plates allows for a more even distri-
bution of stresses between the elements of the metal
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Figure 11 — Stress distribution in metal elements of a model of a
tibia with a multifragmentary fracture of the proximal end of the
tibia and its osteosynthesis with two plates on both sides.

ISSN 2077-4214. BicHuk npo6nem 6ionorii i megnuunm — 2025 — Bun. 2 (177) / Bulletin of problems in biology and medicine — 2025 - Issue 2 (177)

https://www.pdmu.edu.ua/ 1a https://vpbim.com.ua/

333



METOAUN TA METOAUKU / METHODS AND METHODOLOGIES

Table 3 — Data on the magnitude of stresses
in the elements of the tibia model with a
multifragmentary fracture of the proximal end of
the tibia and various options for its osteosynthesis

Checkpoints Stress, MPa
Ne |Model elements| medial plate | lateral plate | 2 plates
1 7,8 2,5 3,4
2 1,0 2,5 1,8
3 2,8 1,0 1,2
4 5,9 1,5 1,9
5 2,4 1,7
6 |Po"® 24,9 20,3
7 13,5 7,4
8 2,0 1,5
9 12,5 4,4
10 9,0 1,1
11 123,4 15,6
12 268,3 121
13 86,2 10,4
Metal
14 15,1 40,8
15 177,7 88,5
16 38,2 63,9

structure. At the same time, unilateral plate placement
leads to unilateral results. Osteosynthesis with a plate
on the medial side provides a minimum level of stress
on the screws in the metaphyseal zone, and the plate ap-
plied to the lateral surface of the tibia provides the low-
est level of stress on the plate itself and on the screws in
the diaphysis.

Internal fixation can be achieved using a variety of
constructs, including individual screws and plates. The

choice of fixation construct depends on the type of frac-
ture, the nature of fragment displacement, the condition
of the joint surface, and the quality of the bone tissue.

However, considering the characteristics of proximal
tibial metaphyseal and epiphyseal fractures, plate fixa-
tion is most commonly used in surgical treatment. These
plates differ in their design concept and shape: T- and
L-shaped dynamic compression plates (DCP), locking
compression plates (LCP), and limited contact dynamic
compression plates (LC-DCP) [4, 14].

In this regard, ongoing research aims to determine
the optimal fixation construct. For instance, Salvadori
Ferre and colleagues conducted a comparative finite el-
ement structural analysis of two different fixation meth-
ods for high-energy tibial plateau fractures: the limited
contact dynamic compression plate (LC-DCP) and the
locking compression plate (LCP). Their findings demon-
strated that the LCP showed superior performance in
Schatzker type V fractures compared to the LC-DCP [15].

One of the main discussions concerns the number of
plates used. Georgiadis G.M. proposed the concept that
dual plating represents the gold standard, a view that
has received substantial support among contemporary
researchers.

However, other studies comparing long-term post-
operative outcomes between groups treated with single
versus dual plating — assessed using KOOS and the 36-
item Short Form Health Survey (SF-36) — reported satis-
factory results in both groups [6].

Nevertheless, the overall rate of postoperative
complications significantly increases with dual plating,
reaching approximately 11.4%. Analysis of these com-

plications shows that patients who

30

Stress, MPa
s

10
o Ml _.8n N.. I-l.l in
b 7

1 1 3 4 5

Checkpoints

mmedial plate = lateral plate ® 2 plates

underwent a single surgical ap-
proach had a lower complication
rate (2.25%) compared to those
who had dual approaches (33.3%).
No association was found between
the type of plate used — whether
locking compression plate (LCP)

or standard compression plates

(straight, L-, or T-shaped) — and
3 postoperative complications. Dual
surgical approaches or dual-plate
osteosynthesis may simply be risk
factors, and if adequate fracture
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Figure 12 — Diagram of stress values in bone elements of a model of a tibia with a
multifragmentary fracture of the proximal end of the tibia with different variants of its

osteosynthesis.

stabilization can be achieved, a
single surgical approach with sin-
gle-plate fixation is considered a
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safer option [16].

This divergence in opinions
highlights the need for further in-
depth research to improve treat-
ment outcomes and reduce the rate
of postoperative complications.

Conclusions.

Under the influence of a verti-
cal compressive load, the model of
osteosynthesis with two plates al-
lows to obtain stresses in the bone
elements of the model, the level of
which at all control points occupies
an intermediate position between

Figure 13 — Diagram of stress values in metal elements of a model of a lower leg with a
multifragmentary fracture of the proximal end of the tibia with different variants of its

osteosynthesis.

the maximum and minimum stress-
es at the same points in models
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with unilateral plate arrangement. The plate applied
from the medial side provides a lower level of stress in
the bone fragments in the fracture zone, but the plate
applied from the lateral side provides a lower level of
stress in all other areas of the tibia.

Double plate osteosynthesis allows for a more even
distribution of stresses between the elements of the
metal structure. Osteosynthesis with a plate on the
medial side provides a minimum level of stress on the
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screws in the metaphyseal zone, and the plate applied to
the lateral surface of the tibia provides the lowest level
of stress on the plate itself and on the screws in the di-
aphysis.

Prospects for further research.

Work is planned to study the stress-strain state of
models of osteosynthesis options for the tibia with a
comminuted fracture under the influence of torsional
and bending loads in the frontal and sagittal planes.
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lepenomu npoKcUManbHo20 enimemadhizy 8enuK020MisIKOB8OI KicmKu € HalinowupeHiwumu ceped nepesnomis 8
0insAHyi KoniHHO20 cy2an06a. 3010MUM CMAHOAPMOM 88AHAEMbCA NOOBIlIHA GhiKcayia NaacmuHamu, 0OHAK Cy4acHi
00Cni0HCeHHA He 8CMAHOBUU iICMOMHOI Pi3HUYI MiX 8UKOPUCMAHHAM 00HO- ma nodeiliHux naacmuH. Mema —
docnidumu HanpyxceHo-0egopmosaHuli cmaH modesi 20MinKu 3 6azamoys1aMmKo8UM repesnoMoMm MPOKCUMANbHO20
KiHUA 8€/UK020MIfIKOBOI KICMKU npu pi3HUX 8apiaHMax it ocmeocuHmesy HaKiCmKo8uMU rAacmuHAMU i 8naueom
CMUCKar4Y020 HasaHmax3eHHA. [1i0 enausom eepmuKanbHO20 CMUCKAKY020 HABAHMAXEHHA 8UBYAAU 3 8apiaHmu
ocmeocuHmesy: HaKICMKo8sa naacmuHa 3 medianbHo20 60Ky, 3 namepanbHo20 6OKY ma 2 naamuHu 3 060x b6okis.
Hanpy»eHHa 8 modesni 3 080Ma NMAACMUHAMU HE3HAYHO Nepesulllytoms MiHIMAsbHI MOKA3HUKU 0719 00HOBIYHUX
moOerneli, ane 8 pasu 8iOPi3HAOMbCA 8i0 MAKCUMAAbHUX MOKA3HUKI8. [1A1acmuHa HakaadeHa 3 n1amepasnbHO20
60Ky 3abe3neuye HaliHUXYul pieeHb HAMNPy#ceHb HA BCiX OiASHKAX B8e/UKO20MINKOBOI KiCMKU, OKPIiM Kicmkosux
pazmeHmax 8 30Hi nepesaomy. laacmuHa 3 medianbHo20 6OKy 3abe3neyye MiHiManAbHUl pieeHb HANMPYyM#eHb HA
28UHMAx 8 MemaghizapHili 30Hi, a NAACMUHA HA 1aMepanbHili NosepxHi — HaliHUXYuli piseHb Hanpyx#eHb Ha camoi
naacmuHi ma Ha 28uHmax 8 8iagpizi. PisHomipHuUli po3rnodin HanpyxeHo MiX eneMmeHmamMmu Memanesoi KOHCMPYKUii
3a6e3neyyroms 08i NAACMUHAMU.

Modenb ocmeocuHme3sy 080Ma NAACMUHAMU O0380/A€ OMPUMAMU HAMPYHEHHA 8 KICMKOo8uUx enemeHmax
modersi, pieeHb AKUX 80 BCIX KOHMPOAbHUX MOYKAX 3alMAE MPOMIXCHE MOA0H(EeHHS 8 MOpPIi8HAHHI 3 mMmodenamu
00HOBIYHO20 PO3MAWYBAHHAM NAACMUH. Huxc4uli piseHb Hanpyx#eHs 8 KICMKOBUX (hpaeMeHMax 8 30Hi nepesomy
3a6e3ne4vye naacmuHa 3 medianbHo2o 6oKy. Ha ecix iHWUX enemeHmax 8esUK020MIKOB8OI KiCmKu MiHiManbHul
pigeHb Hanpy#eHb BUSHAYAEMbCA NPU OCMEOCUHME3i MAACMUHOK 3 1amepanbHo20 6OKY. PisHomipHuli po3rnodin

HamnpyxeHb Mix« efemeHmamu memanesoi KOHCMpPYKii 3a6e3neyye ocmeocuHmes 080Ma NAACMUHAMU.

Knroyoei cnosa: 2ominka, 8eanUKo20MinKo8a Kicmka, 6azamoysaamkosuli nepesom, oCmeocuHmes.

3B’A30K ny6nikauii 3 nnaHoBMMM HayKOBO-AoCAig-
HUMK poboTamu.

PoboTa BMKOHaHa B pamkax HAP «Po3pobutn Ta
BMPOBAAUTM TEXHOJOTIT 3aMilLleHHA KiCTKOBUX AedeKTiB
y NOCTpaxaanmx 3 60MoBO0 TPABMOIO KiHLLIBOK», HOMEpP
AepKaBHOi peectpauii 0123ul101089.

Bcryn.

Mepenomu NpoKcMManbHoro enimetadisy BesIMKOro-
MinkoBoi KicTku (MEMBIK) cknagatoTs Big, 8,9% g0 11%
BMNAAKIB NO BiAHOLEHHIO A0 NepesioMiB KiCTOK FOMINKK
Ta Ao 87% cepepn nepenomiB B AiNAHLI KONIHHOIO cyr-
noba. Y gaHin rpyni, nepesnommn natepanbHOro BUPOCTKA
3ycTpivatoTbes Big 52% no 80% Bunagkie, meaianbHOro
— 0 7%, a barato ynamkosi nepenommn —y 41% navieHTis
[1].

BpaxoBytouun HeL0NiKM KOHCEPBATUBHOTO NiKyBaHHA,
0c06MBO Y MaLieHTiIB MONOAOrO BiKy Npu 6aratoynam-
KOBWX Mepesiomax, onepaTMBHUIN MeTon € npioputet-
HMUM HanpsmKkom [2].

BHYTpilWwHA ¢ikcayia moxke b6yTn gocsrHyta 3a go-
NMOMOFOK Pi3BHOMAHITHUX KOHCTPYKLiN, AK OKpemMumm
rBMHTaMM, TaK i NAACTUHAMKM 3 MeTot 3abesneyeHHs
abcontoTHOi cTabinbHOCTI AnA NiATPUMKM cyrnoboBoi
nosepxHi [3, 4].

MopBiHa ikcaLia NAacTMHAMM BBAXKAETbCA 30/10-
TUM CTaHAapToM [5], ogHaK cyyacHi AOCNiAMKEeHHS 3 BU-
KOPUCTAaHHAM OAHO- Ta MNOABIMHWUX NAACTUH He BCTaHO-
BWU/IM iCTOTHOT Pi3HULi MiXK rpynamu [6].

Mopaz 3 UMM, 3arasbHa YacTKa nicnsonepalinHmx
YCKNagHeHb MpW 3acToCyBaHHI noABiliHOI ¢iKcalii, 3a
OaHVMM pi3HMX aBTOpiB, CKNagae 6amsbko 11,4%. AHa-
Ni3 nicnsonepaviMHMX YCKIagHEeHb BKA3YE, LLLO NaLiEHTH,
AKMM 3aCTOCOBYBA/IM OAWMH XipypriyHWI AocTyn, manu
HUXKYMI piBEHb YCKNaAHEHb (2,25%) nopiBHAHO 3 ABOMA
poctynamu (33,3%) [7].

BpaxoBytoun BuLLLEe O3HAYEHE, NONBAEHHA 3HAHb B
LLbOMY HanNpsMKY € 06’€KTMBHO 3yMOBAIEHUM Ta O6TpyH-
TOBaHUM.
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MerTa gocnigeHHs.

Jocniantn HanpykeHo-gepopmMoBaHMA CTaH Mogeni
FOMIifIKM 3 6araToy1aMKOBUM MepesioMOM MPOKCUMASIb-
HOTO KiHUA BE/MKOrOMINKOBOI KiCTKM NpPWU Pi3HUX Bapi-
aHTax ii OCTeOCMHTe3y HaKiCTKOBMMM NaacTMHaMu nig,
BMN/IMBOM CTUCKAOUOrO HaBaHTaXKEHHA.

06’eKT i meTOgM AOCNIAXKEHHA.

[na mogentoBaHHA OCTEOCUHTE3Y BE/IMKOrOMIIKOBOT
KiCTKM i3 BaraToynamkoBMM NepesioMom ii IPOKCUMasb-
HOrO KiHUA B nabopaTopii biomexaHikn Y «IHCTUTYT na-
Tonorii xpebTa Ta cyrnobis im. npod. M.l.CuteHka HAMH
YKpaiHn» 6yna po3pobieHa 6a3o0Ba CKiHYEHO-eNEMEHT-
Ha mMogenb rominku [8], Aka micTmna Be/IMKOrOMINIKOBY
Ta MasIorominKoBy KicTku (puc. 1).

PucyHok 1 — ba3oBa mogenb rominku.

0

a

Tabnuua 1 — MexaHiuHi xapaKTepucTMKu martepia-
NiB, WO BUKOPUCTOBYBA/IN NPU MOAENIOBAHHI

varepion | MR OIRE, | foedien
KopTukanbHa KicTKa 18350 0,29
lybyacTa KicTKa 330 0,30
KicTkoBWIA pereHepat 1,00 0,45
XipypriyHa cTanb 2,1.10° 0,2

Ha npoKcnmanbHOMY KiHLi BE/IMKOTOMINKOBOI KiCTKM
mogentosanu 6aratoynamKoBuit Nepesiom WAAXOM Moro
po3aineHHsa B pisHMX naowmHax (puc. 2). Matepiany B
NPOMIXKKaxX MiXK ¢dparmeHTaMn HagaBaiv BAACTUBOCTI
Mi*KyNaMKOBOTO pereHeparty.

BuBYanu 3 BapiaHTV OCTEOCUHTE3Y NPOKCMMAJIBHOTO
KiHUA BE/IMKOTOMINIKOBOI KiCTKM HaKiCTKOBMMM NIACTU-
HaMW: NNacTUHA 3 megianbHoro 60Ky, NaacTUHa 3 narte-
panbHoro 60Ky Ta 2 niatMHu 3 o6ox 6okis (puc. 3).

B Hawomy gocnigKeHHi maTepian paxyBanu O4HO-
pPiAHMM Ta i30TPONHMM. B AKOCTI CKiHYEHOrO enemeHTy
6yB 0bpaHuii 10 By3n0BMI TeTpaeap 3 KBAAPATUYHOM
anpoKcMmalieto. Bcim maTepianam, 3 AKMX CKnaganuca
mogaeni, 3agaBann BiANOBIAHI MexaHiYHi BNACTUBOCTI
TaKi, AK moaynb npyxHocTi FOHra Ta KoediuieHT MNMyacco-
Ha. MexaHi4Hi BnacTMBOCTi 6ioN0riYHUX TKAaHUH 06Mpanm
3a gaHumu nitepatypwm [9, 10]. BnactmuBocTi meTanesmux
KOHCTPYKLiA 0bupanm 3a JaHUMU TEXHIYHOI NniTepaTypmn
[11]. AaHi npo MexaHiuyHi XapaKTepUCTUKM maTepianis,
BUKOPUCTAHMX NPU MoAeNtOBaHHI HaBedeHi B Tabauu;i 1.

Bci mogeni pocnigrysann nig, BNIMBOM BEPTUKA/b-
HOTO CTMCKAKYOro HaBaHTaXKeHHA. Jas uboro, Ao cyr-
N060B0i NOBEPXHI BEIMKOTOMIZIKOBOT KiCTKM NpuKiaaa-

B

PUCYHOK 2 — Mogenb BeIMKOroMiNIKOBOI KiCTKM 3 6araToy/1amKoOBUM NepeomMmoM MPOKCUMA/IbHOTO KiHLA:

a - Bupa cnepeay; 6 — Bug 33aay; B — BUA 3Bepxy.

N

a 0

B

PucyHOK 3 — BapiaHTu 0CTeOCMHTE3Y NPOKCUMANbLHOTO KiHLA BEJIMKOFOMINKOBOI KiCTKM 3 1ioro 6araToylamKOBMM NepesioMoM: a — NAacTUHa
3 MegjianbHOro 60Ky; 6 — nnactuHa 3 natepanbHoro 6oKy; B — ABi naacTuHU 3 060x 60KiB.
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N po3nogineHe HaBaHTaXeHHA BeanymnHoto 700 H, ake
iMiTye HaBaHTaXKeHHA Baroko Tina AOAMHU NPU OAHOO-
NOPHOMY CTOSAHHI. JUCTaNbHUI KiHELLb BEIMKOTOMINKO-
BOI KICTKM MaB OpPCTKe 3akpinsieHHA. Cxema HaBaHTa-
KEHHA Mogenen HaseaeHa Ha puc. 4.

[ns NoOpiBHAHHA Hanpy»KeHo-4edOPMOBaHOro CTaHy
moaenen BM3HAYaNM MAKCMMANbHI BENIMYMHU HaMpy-
YKeHb B MPOKCUMaNbHOMY Ta AUCTasIbHOMY dparmeHTax
BEJINKOTOMINIKOBOI KiCTKW, B 30HI nepenomy, B meTtane-
Bill KOHCTPYKL,ii Ta B KiCTKOBIIM TKAaHWHI HaBKOJIO QiKcyto-
4Ynx rBuHTIB. Cxema po3TallyBaHHA KOHTPOAbHUX TOYOK
HaBeJeHa Ha PUCYHKY 5 Ta B Tabauui 2.

JocnifrKeHHA moaenelt BUKOHYBaAuM 33 4ONOMOFOH
MeToAy KiHUEeBUX enemeHTiB. B AKOCTI KpuTepito OLiH-
KM HanpyxeHo-4edpopMOBAHOr0 CTaHy MoOAeNel BUKO-

PUCYHOK 4 — CxeMa HaBaHTaXKeHHA moaenen.

4

PUcyHOK 5 — CxeMa po3TallyBaHHA KOHTPONIbHUX TOYOK: a — BuA cnepeay; 6 — Bug 33aay; B — Bua 38epxy (rBUHTHU); r — BuA cnepegy (rBuHTH).

PUCTOBYBa/IM HaNpy*KeHHsA 3a Misecom [12].

MogaentoBaHHA BMKOHYBa/W 33 OOMOMOrOK CUCTe-
MW aBTOMaTM30BaHOro NpoeKkTyBaHHA SolidWorks. Pos-
paxyHKM HanpyeHo-A4edopmMOBaHOro CTaHy moaenei
BMKOHYBa/M 3a AOMOMOro MPOrpamHOro Komnaekcy
ANSYS [13].

Pe3ynbTatu focniaKeHHs Ta ix 06roBopeHHs.

Mepwum etanom pobOTi BUBYANM HaMNpyKeHO-Ae-
dopMOBaHUIA CTaH MoaeNi TOMINIKM 3 Baratoy/laMKoBUM
nepesoMomM NMPOKCMMA/IbHOTO KiHLA BE/IMKOTOMiNIKOBOI
KICTKM Ta il OCTEOCMHTE30M HaKiCTKOBOK MIACTUHOLO 3
megjianbHoro 60Ky. Po3nofin Hanpy»KeHb B KiCTKOBMX
efleMeHTax Moeni HaBeaeHo Ha puc. 6.

Mig BNMBOM CTMCKAOYOro HaBaHTaXKeHHA B moaeni
roMinikM 3 6araToynamKoBMM NepPesioMOM NPOKCUMasb-
HOrO KiHLA BE/IMKOrOMINIKOBOI KIiCTKM i OCTEOCUMHTE30M
NAacTMHOW 3 MegianbHOro HOKYy MaKCMMasbHi HaBaH-
Ta*KEHHA BUHWKAIOTb HAaBKONO iKCYHOUMX FBUHTIB B Aji-
adisi, e BOHM cAratoTb NosHayku 13,5 MMa, a TaKox

Tabnnusa 2 — KOHTPONbHI TOYKK

2
10

EnemeHT mogeni

MpucepegHin BUPOCTOK

BiYHMI BUpOCTOK

MepeAHA NOBEPXHSA B 30HI Nepesomy

3a4HA NOBEpPXHA B 30HI nepesiomy

KicTKa HaBKONO rBUHTIB B MiXKBUPOCTKOBIIA 30Hi

KicTKa HaBKO/IO FBUHTIB B Mi’KBUPOCTKOBIl 30Hi

KicTKka HaBKOJIO rBUHTIB B Aiadisi

KicTka HaBKONO rBMHTIB B giadisi

OO |N|O|U | |W|N |-

KicTKa HABKONIO TBUHTIB B MiXKYJ1TAMKOBUX MPOMIXKKax

=
o

KicTKa HaBKONO rBMHTIB B MiXKy/1aMKOBUX NPOMIXKKax

[uny
[

[BMHTU BepxHi (MeaianbHi)

[y
N

[BMHTU BepXHi (naTepanbHi)

[y
w

[BMHTU B aiadisi (meaianbHi)

=
>

[BUHTY B giadisi (naTepanbHi)

[y
(]

MnactuHa megianbHa

[y
)]

MnactuHa natepanbHa
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Ll

a
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5
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3,5
3
2,5
2
1,5
1
05
B 0

PucyHOK 6 — Po3nogin Hanpy»eHb B KiCTKOBI TKaHUHI Mogeni rominku 3 6araToynamKoBUM NepesomMmoM NPOKCUMANbHOrO KiHUA Be/IMKO-
rOMiNKOBOI KiCTKM i OCTEOCMHTE30M NNACTUHOI 3 MeAianbHOoro 60Ky: a — 3arasibHuii BUA; 6 — BuA cnepegy (nepeTuH no reuHTam y aiadisi
(po3); B — BuA, 38epxy (nepetuH no reuHTam y metadisi).

228,31

PucyHOK 7 — Po3nopain Hanpy»XeHb B e1emMeHTax meTaneBoi
KOHCTPYKLii Mogeni rominku 3 6aratoynaMKoBUM nepenomom
NMPOKCUMANbHOIO KiHLA BE/IMKOTOMINIKOBOI KiCTKM | OCTEOCUHTE30M
NNIACTMHOIO 3 MmegianbHOro 6oKy.

L)

a

Hanpy»eHo-aepopmoBaHUN CTaH eNemMeHTiB MeTa-
NeBOi KOHCTPYKLii HaBeAeHO Ha puUc. 7.

Mpn HakNagaHHI HaKiCTKOBOI NMAACTUHM 3 Mefianb-
HOro 6OKy Nifg, BM/AMBOM CTMCKAOYOro HaBaHTAXKEHHA
MaKCUMManbHi HanpyxeHHAa 177,7 Ml1a BUHUKalOTb came
B naacTuHi. Cepen, GiKCytounx rBUHTIB HalbinbLi HaBaH-
TaXKeHHA cnpuiimatoTb Ha cebe rBUHTU B MeTadi3apHiin
30Hi, WO BMK/IMKAE B HUX BUCOKI HanpyxXeHHs go 123,4
MMa. HanpyeHHA Ha rBMHTax B AiadizapHiin YacTuHI
BE/IMKOTOMI/IKOBOI KiCTKM NPAKTUYHO HA 50% HUXKUI | He
nepesuLLYOTb NO3Ha4vkn 86,2 Mra.

HactynHum etanom po6oTu BMBYaAAWM PO3NOAIN Ha-
Npy*KeHb B MoAeNi ToOMifKM 3 HaraToynamKoBMM nepe-
JIOMOM NMPOKCUMANBHOTO KiHLA BE/IMKOrOMIJIKOBOI KiCT-
KM i OCTEOCMHTE30M MNACTUHOIO 3 /IaTEPANbHOrO BOKY.
HanpykeHo-gedopMoBaHUit CTaH KiCTKOBUX €NEMEHTIB

mozeni BigobpaxkeHnin Ha puc. 8.

200
3
45

=

3,5
3
2,5
2
1,5
1
0,5

B 0

PucyHoK 8 — Po3nogin Hanpy»eHb B KiCTKOBi TKAHUHI Mogeni rominku 3 6aratoy1amKoBUM NepesoMoM NPOKCUMANbHOTO KiHLUA Be/IMKOro-
MINIKOBOI KiCTKM i 0CTEOCUMHTE30M NNIACTUHOIO 3 IaTepanbHOro 6oKy: a — 3aranbHuii BUA; 6 — Bug cnepeay (nepetMH no reuHTam y giadisi);
B — BMA 3BepXxy (nepeTuH no reuHTam y metadisi).

HABKO/IO TBMHTIB B MiXKyJ1aMKOBMX MPOMiXKax — 12,5
MMa. TakoX A0CUTb HaMpyXeHUM BUABAAETbCA BiYHMIA
BMPOCTOK, A€ NiBeHb HanpyeHb BU3HAYEHWUI Ha NO3Ha-
yui 7,8 MMMa, Toai, AK Ha 6iYHOMY BUPOCTKY HamnpyKeHHn
He BMXoAaTb 3a mexi 1,0 MlMa. Lie nos’a3aHe 3 HasBHic-
THO HAKiCTKOBOT NNACTUHU caMe 3 MefjianbHoro 60Ky, Lo
3abe3neuye dikcauio ynamkis i, TUM CaMUM, KOPCTKY
nepeaayy HaBaHTAXKEHHA MiX HMMW. 3a4HA NOBEPXHA
BE/IMKOTOMI/IKOBOI KiCTKM B 30Hi Mepenomy BUABNAETLCA
HanNpy»XeHo BABIYI BMLLE 33 MepesHI0 NOBEPXHIO — 5,9
MMa npotn 2,8 MMa. Hanpy»KeHHsA B Mi*KBMPOCTKOBI
BM3HAYalOTbCA Ha PiBHI 2,4 MMa.

Po3TaluyBaHHA HaKiCTKOBOI NJACTUHW 3 NaTepasibHO-
ro 6oKy Npu ocTeEOCUHTE3i BaraToynamKoBUX Nepesiomis
NPOKCMMANbHOIO KiHUA BE/MKOTOMIIKOBOI KiCTKM Mif
BMJINBOM CTMCKAtOUYOro HaBaHTAXKEHHSA BUK/IMKAE MAKCU-
ManbHi HanNpyXeHHA BeandunHow 24,9 Mlla B KicTKOBUX
HABKO/IO BUHTIB B MiXKBMPOCTKOBIIM 30HIi. Ik Hacnigok,
CMOCTepPIraEMo BMCOKIlM piBeHb HanpyxeHb9,0 Mrla
HABKO/O LMX FBUHTIB i B MiXKy1TAMKOBMX MPOMiXKKax. AK
NO3UTMBHUIA HACNIAOK CAif, BiAMITUTU HU3bKUIA pPiBEHb
HaMpyKeHb B iHLIMX KOHTPO/IbHMX TOYKaX MoAeni, Ae BiH
He nepeBuLLye No3HaYyku 2,5 MMMa.
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Po3nogin Hanpy»XeHb B enemMeHTax MeTasieBoi KOH-
CTPYKLLi MOXHa cnocTepiraty Ha puc. 9.

BUCOKMI piBEHb HaMNpy»KeHb B KICTKOBUX pparmeHTax
HABKO/O MBUHTIB B MiXKBMPOCTKOBIN 30HI 0B6ymoBaeHN
BUCOKMM piBHEM HanpyxeHb 268,3 Mla came Ha umx
rBUHTax. Mpu LLbOMY HaKiCTKOBa MN1AaCTMHA BUABAAETHLCA
NPaKTUYHO HEe HABAHTAXKEHO, MPO WO CBIAYUTL AyiKe
HU3bKWUI piBEHb HanpyeHb B Hei — 38,2 MIa. Ha reuH-
Tax, po3TaloBaHMX B Aiadisi KiCTKKM, piBeHb HanpyXeHb
BU3HAYaAETbCA HaMHMKUMM — 15,1 MMMa.

Ha 3akntouHOMy eTani poboT moaentoBanu BapiaHT
OCTEOCUHTE3y MPOKCMMAJIbHOTO KiHLA BE/NMKOrOMIIKO-
BOi KICTKM [BOMA HAKICTKOBMMW MNAACTMHAMM, PO3Ta-
LWwoBaHMMM 3 060X ii 6okiB. Hanpy:keHo-gedpopmoBaHuUit
CTaH mogeni HaBeaeHo Ha puc. 10.

BWKOpUCTaHHA [BOX HaKiCTKOBUX NAAcTWH Beae A0
6inbly PiBHOMIPHOrO PO3MOAiNY HAMPY*KEHb B KiCTKOBUX
enemeHTax mogeni. AKWO NopiBHOBATK 3 BapiaHTaMu

r

2281
50
45
40
35
30
25
20
15
10
5
0

PucyHOK 9 — Po3noain Hanpy»KeHb B eleMeHTax MmeTanesoi
KOHCTPYKLiT mogeni rominku 3 6aratoylaMKoBMM nepenomom
NPOKCMMANbHOrO KiHLA BE/IMKOrOMINIKOBOI KiCTKM | OCTeOCMHTE30M
NNIaCTUHOIO 3 NaTepanbHOro 6oKy.
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PucyHok 10 — Po3nogin Hanpy»KeHb B KiCTKOBi TKAHUHI MoAeni rominiku 3 6araToynamKkoBMM NepesioMmomM NPOKCMMabHOTO KiHLA BEIMKO-
rOMiNKOBOI KiCTKM i OCTEOCMHTE30M ABOMA NNACTUHAMM: a — 3ara/ibHUi BUA; 6 — BuA cnepegy (nepeTuH no reuHTam y aiadisi 3 megiano-
Horo 60Ky); B — BuA cnepeay (nepetuH no reuHTam y aiadisi 3 natepanbHoro 60Ky); r — BuA 38epxy (Bua cnepeagy no rBuHTam y metadisi 3
mepaianbHoOro 60Ky); 4 — BuA 3sepxy (Bug cnepegy no remHTam y metadisi 3 natepanbHoro 60ky).

0AHOBIYHOro po3TallyBaHHA HAKICTKOBMX MAACTUH, TO
piBEHb HaMPY»KeHb BO BCiX KOHTPOJ/IbHUX TOYKaX BULLUIA
33 HAWHWMMKYMI NOKA3HMK asie HUXKYe 3@ HalBULWMIA. Mpu
LbOMY MaKcMmym Hanpy*KeHb 20,3 Mlla BM3HA4Ya€EeTbLCA
Ha KiCTKOBMX PparmeHTax B Mi*KBMPOCTKOBIlA 30Hi HaBKO-
J10 TBUHTIB NPOBEAEHMX 3 IaTEPA/IbHOIO BOKY.

Ha puc. 11 HaBefeHO Hanpy:eHo-aedopmoBaHui
CTaH efleMeHTiB MeTa/ieBMUX KOHCTPYKLi B mogeni 3 oc-
TEOCMHTE30M A,BOMA NAACTUHAMM.

CTOCOBHO piBHA HaMpy»KeHb B e/leMeHTax MeTaneBux
KOHCTPYKL,ii CNOCTepiraeTbca TaxK cama TeHAEHLSA, WO i
B KIiCTKOBUX enemeHTax mogeni. HanpyxeHHA Ha megi-
anNbHil NNacTMHI BU3HaAYaloTbCcA Ha piBHi 88,5 MMa, wo
BABIYI HMXKYe 33 Mogenb 3 ii 0AHOBIYHMM pOo3TallyBaH-
HAM, ane Ha NaTepasbHiN NAACTUHI HanpyKeHHA Npak-
TUYHO BABIYI BML, 32 04HOBIYHY MoZenb i AOPiBHIOWOTb
63,9 MMa. e 6inbWw BMPa3HUMM € NOKA3HUKK HaMpy-
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PucyHoK 11 — Po3noain Hanpy»KeHb B MeTa/ieBUX eleMeHTax
mopaeni rominku 3 6araToynamkoBMm nepesioMmom NPOKCMManbHOro
KiHUA BE/IMKOroMiNKOBOI KiCTKM Ta il OCTEOCMHTE30M ABOMA NNACTU-

Hamu 3 060x 6oKiB.
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Tabnuua 3 — [laHi Nnpo BeAAMYMHU HaMpPYKeHb B ene-

MeHTax mogei rominku 3 6aratoyamKoBum nepe-

NIOMOM NPOKCMMAJIbHOTIO KiHLUA BE/IMKOrOMiNIKOBOI
KiCTKM i pi3HUMU BapiaHTamu MOro OCTEOCUHTE3Y

KOHTpONbHI TOYKM Hanpy»xeHHsa, MIa
Ne EnemeHTu megianbHa | naTepanbHa 2
mogaeni naacTuHa naacTuHa |naacTuHu

1 7,8 2,5 3,4
2 1,0 2,5 1,8
3 2,8 1,0 1,2
4 5,9 1,5 1,9
5 . . 2,4 1,7
6 KicTkosi 24.9 203
7 13,5 7,4
8 2,0 1,5
9 12,5 4,4
10 9,0 1,1
11 123,4 15,6
12 268,3 121
13 . 86,2 10,4
12 MeTtanesi 151 40,8
15 177,7 88,5
16 38,2 63,9

YKeHb Ha rBUHTaX Yy Aiadisi BENMKOroMiNIKOBOI KiCTKK, sKi
BM3HA4aloTbCsA Ha no3Havykax 10,4 MMa ta 40,8 MMa 3
MeZjiaNbHOro Ta /laTepanbHoro 6oKiB, BiANOBIAHO, WO B
8 Ta B 3 pasu HUKYe 3a BignoBigHi ogHOBGIYHI mogeni.
Makcmmym HanpyKeHb 121,0 MIMa npMnagae Ha rBUHTH
B MiXBMPOCTKOBIM 30Hi, WO NpoBeAeHi 3 naTepanbHOro
BOKy, L0 TeX B 2 pa3un HUXKYE 3a MO b 3 OAHIEI naac-
TUHO. HanpyeHHA Ha rBMHTAxX B L€l 30Hi, NpoBeae-

Hi mepgianbHOro 60Ky He MepeBuLLyOTb NO3HaYkKn 15,6
MTa, HMKYe 32 mogesb 3 oAHO6IYHO diKcallieto 3 Toro
* BOKy.

JaHi nNpo MaKcMmanbHi  BENIMYMHU  HaMpPYKeHb
BO BCiX KOHTPOJIbHUX TOYKax MoAenen HaBefeHi B
Tabnuui 3.

[iarpama, AKa HaBeAeHa Ha puc. 12 03BOAE Haou-
HO MOPIBHATM BE/IMYMHU HAMpPY)KeHb B KiCTKOBWX efe-
MeHTax Mmogenel rominiku 3 6aratoynamKkoBMM nepesno-
MOM MPOKCUMANIbHOTO KiHLUA BEMKOrOMINIKOBOI KiCTKM
npw pPi3HMX BapiaHTax MOro OCTEOCUHTE3Y.

AK BUAHO Ha giarpami, Moaenb OCTeEOCUHTE3Y ABOMA
NAacTUHAaMU [03BOAE OTPUMATU HAMPYMKEHHA B KiCT-
KOBWX €e/leMeHTax MOZeNi, piBeHb AKWUX BO BCiX KOH-
TPO/IbHUX TOYKAaX 3aMMa€E MPOMIXKHE MONOMKEHHA MiXK
MaKCMMa/IbHUM Ta MiHIManbHMM 3HAYEHHA HanpyXeHb
B LMX CaMMX TOYKAX Ha MOAENAX 3 OAHODOIYHMM po3Ta-
LWYBaHHAM NAACTWH, HE3a/IEXKHO BiJ, TOrO Ha AKOI Moze-
/i BU3HAYEHO MaKcMmanbHe abo MiHimanbHe 3HaYeHHA
NoKasHuKa. Cnig BigMITUTM, WO HaNpPy)eHHA B KOH-
TPOZIbHUX TOYKAX, BU3HAYeHi Ha MoZeni 3 ABOMa MacTu-
HaMM HE3HAYHO MepeBULLYHTb MiHIMaNbHI NMOKa3HUKK
B LMX TOYKax AN OAHOBIYHWMX moaenel, ane Bif Mak-
CMMaNbHWUX MOKA3HWKIB Bigpi3HAIOTbCA B pa3un. CTocos-
HO MogZenei 3 oAHOBIYHMM PO3TallyBAaHHAM MAACTUH,
MeZianbHO HaKnaZeHa MniacTMHa 3abe3neyye HUKUMIA
piBeHb HanpyeHb B KICTKOBUX pparmeHTax B 30Hi nepe-
NIoMy, ane NaacTUHa, HaknaZeHa 3 aTepasbHOro HoKy
3abe3nevye HMXKYMIA piBEHb HAMpPY)KeHb Ha BCIX iHWKNX
30HaX BE/IMKOTOMINIKOBOI KiCTKU.

MOpiBHATW piBEHb HAMPYKEHb a e/leMeHTax MeTane-
BMX KOHCTPYKLiM B MOZENAX roMinKK 3 b6aratoynamko-

BMM MEepPesioMOM MPOKCUMAJIbHOTO

Hanpymerxa, MMNa

w

1o | I
. Ill win Bus I-a [ l
B 7

1 2 3 4 5

HoHTponeHi TOYKK

W MEL@NLHE NIECTHHE ¥ NGTEpPantHa NAacTHHA

B 2 NAECTHHK

KiHUA  BE/IMKOTOMIJIKOBOI  KiCTKM
npu pisHUX BapiaHTax Moro ocre-
OCWHTe3y A03BONAE Aiarpama, fAKa
HaBefeHa Ha puc. 13.

HaBepeHa giarpama nepekoH-
NIMBO [L@MOHCTPYE, WO OCTEOCUH-
Te3 ABOMa NAacTMHaMW [03BONSE
3abe3neunTn 6inbw PiBHOMIPHUI
pPO3M0A4in HanNpyXeHb MiXK enemeH-
TaMW MeTasieBOi KOHCTPYKL,ii. B Toi
e 4yac, ogHobiyHe po3TallyBaHHA
NAacTMH nNpu3BOAUTb A0 OAHO-
6iuHMX pesynbTaTiB. OCTeoCUHTE3

Em I I IlI
8 - 10

PucyHok 12 — [liarpama Be/IM4MH HanpyeHb B KiICTKOBUX eNeMeHTax Mogeni roMiNiku 3
6araToynamKoBMM NMepesioMmOM NPOKCMMA/IbHOTO KiHLA BE/IMKOTOMINIKOBOI KiCTKM NpPU PisHUX

BapiaHTax 10ro 0CTeOCUHTESY.

NAaCTMHOK 3 MefjianbHOro 6GOKy
3abe3neyye MiHiManbHUIN piBEHb
HanpyXeHb Ha rBMHTax B meTadi-
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1
HoHTponsHi ToUKK

B MELIANbHE NAACTHHE B naTepanbHa nAacTMHa

1 12 13 14 15 16

B 2 NABCTHHK

3apHilt 30Hi, a NAacTMHA, WO Ha-
KnafeHa Ha fatepanbHy NOBEPXHIO
BE/IMKOTOMI/IKOBOI KiCTKK, 3abe3ne-
YYE HAMHUKYNIA piBEHb HaNpy*KeHb
Ha Camoi NAACTUHI Ta HA FBUHTaX B
niagisi.

BHYTpiWwHA dikcauisa moxke 6yTn
[OCATHYTa 32 LONOMOrOH0 pisHOMA-
HITHUX KOHCTPYKLM, AK OKpemMummn
rBMHTaMMU, TaK i naacTMHamu. Bubip
diKcyro4oi KOHCTPYKLUIi 3anexntb
BiZ, TMNY Nepesomy, xapaKTepy 3mi-
LLEeHHA BiA/s1aMKiB, CTaHy cyrnobo-

PucyHok 13 — [liarpama BeIMYUH HANpYKEHb B META/IEBUX €/1IeMEHTaxX MoAeNi TOMiNKK 3
6araToynamKoBMM NMepesioMmOM NPOKCMMAsIbHOTO KiHLSA BE/IMKOrOMINIKOBOI KiCTKM NMpPK PisHUX

BapiaHTaXx ioro 0CTeoCUHTE3Y.

BOi MOBEPXHIi Ta KICTKOBOi TKAHWUHMW.
OpHaK, BPaxoBYHOUM XapakTep
nepenomis NMEMBIK, npu onepa-
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TUBHOMY /liKyBaHHI Hanbinbll BXKMBAHUM € 3aCTOCYBaAH-
HA NNACTUH, AKI BiAPI3HAIOTLCA 32 KOHCTPYKTUBHOK KOH-
uenujeto Ta popmoto: T- i I'- nogibHi DCP, LCP Ta LC-DCP
nnactuHu [4, 14].

3 ubOro npuBoAy, NPOAOBNKYHTbLCA AOCNIOKEHHS,
MeTOl AKMX € BUBIP ONTMMANbHOI KOHCTPYKUji. Tak
Salvadori Ferre Ta cniBaBTOpW Yy CBOEMY AOCAIAMKEHHI
npeacTaBuAM NOPIBHANBHUIM CTPYKTYPHUI aHani3 KiHue-
BUX €/IEMEHTIB MiXK ABOMA Pi3HMMM cnocobamu dikcaLii
nepesomis NaaTo BE/IMKOTOMINKOBOI KiCTKM 3 BUCOKOO
eHeprielo: AMHaMiYHa KOMMpeciiHa niactMHa 3 obme-
eHUM KoHTakTom (LC-DCP) i 610Kytoua KommnpeciiiHa
nnactuHa (LCP). 3a pesynbTaTamu AocnigxeHb 6yno
BCTaHOB/eHO, Wwo LCP nokasana binblly CNpoOMOKHICTb
npu nepenomax tmuny V 3a LWaTukepom nopisHAHO 3 LC-
DCP [15].

MpegmeTHe 06roBOpPeHHA CTOCYETbCA  KiNIbKOCTI
nnactuH. Tak Georgiadis G.M., 3ano4aTKyBaB MNOJIOMKEH-
HA, WO noABiHa ¢ikcauis n1acTMHaMM € 30/10TUM CTaH-
[ApPTOM Ta MA€E AOCTaTHIO MIATPUMKY cepef, CydaCHUX
[OCNiAHMKIB.

OpHaK iHWi [AO0CNIAHWMKKM, MNOPiBHIOKOYM BigganeHi
pe3ynbTaTM OMepaTMBHOrO JIiKYBaHHA Yy rpynax nai-
€HTIB 3 BUKOPUCTAHHAM OZHO- Ta MOABIMHOI ¢ikcauii, 3
TOYKM 30py dYHKLioHanbHOCTI, 3a gonomoroto KOOS Ta
36-NyHKTOBOIO KOPOTKOrO OMMUTYBAHHA LLOAO 340P0B's,
NnoBiAOMMB, WO 33a40BiNbHI pe3ynbTati 6yau AoCArHYTI B
obox rpynax [6].

OpHak, npu noagilHii ¢ikcauii, 3aranbHa 4YacTka
nicnaonepauiiHnx ycknagHeHb cyTTeBO 36inblUyeTbCA
i cknapgae 6nm3bko 11,4%. AHani3 nicnaonepauifiHmx
YCKNaZHEHb BKa3Yye, L0 MaLiEHTH, AKMM 3aCTOCOBYBaAN
OOMH XipYpPriYHWUIA JOCTYM, MAaNN HUXKYMNI piBEHb YCKAAA-
HeHb (2,25%) nopiBHAHO 3 ABOMa goctynamu (33,3%).
He 6yno 3B’A3Ky MiK TUMOM BMKOPWUCTAHOI NAACTUHU,
6noKytoua KomnpeciiHa naactuH (LCP) abo Komnpeciii-
Hi nnactuHu (npamux, L- abo T-noaibHux) i nichsonepa-
LiHUMK ycKNagHeHHAMM. ToAaBinHI XipypridHi gocTtynu

abo OCTEOCUHTE3 MOABIMHOK NNACTUHOK MOXYTb 6YTH
nvwe GakTopammn pU3KKY i AKLLO MOMKIMBO OTPMMATU
[OCTaTHIO cTabini3auito BigN1amKiB TO OANH XipypriYHWUi
OOCTYN i OCTEOCMHTE3 OAHIED NAACTUHOMW € Binbl bes-
neyHMm BapiaHTom [16].

Taka NPOTUNENKHICTb AYMOK O6IpyHTOBYE HeobXia-
HiCTb NO4ANbLIOTO NOMMBAEHOIO BUBYEHHS, WO MOKPa-
LNUTb PE3yNbTaTh JIiIKYBAaHHA Ta 3MEHLUMUTb KiJIbKICTb Mic-
nAonepauiiHMX YCKNaaHEeHb.

BucHoBKM.

Mia BNAMBOM BEPTUKANbHOIO CTMCKAKOYOro HaBaH-
Ta)KEHHA MOAENb OCTEeOCMHTEe3y JABOMa NAACTUHAMMU
[03BO/IAE OTPUMATU HAMPYXKEHHA B KiCTKOBUX eNeMeH-
Tax MoZeni, piBeHb AKMX BO BCiX KOHTPONbHUX TOYKaX
3aMIMa€E NPOMIXKHE MONOXKEHHA MiX MaKCMMaabHUM Ta
MiHIMaNbHUM 3HAYEeHHA HAMpPYXeHb B LIUX CAMMUX TOYKaX
Ha MoZensAx 3 OAHOBIYHMM pPOo3TallyBaHHAM MNACTMH.
MnactuHa HaknageHa 3 megianbHoro 6oKy 3abesneyvye
HUKUYMIN PiBEHb HaNpy»KeHb B KiCTKOBUX dparmeHTax B
30Hi Nnepenomy, ane NAacTMHa, HaknageHa 3 natepanb-
HOro 60Ky 3abe3neyye HUKYUIN piBEHb HanpyXeHb Ha
BCiX iHLUMX 30HaX BE/IMKOTOMIZIKOBOI KiCTKM.

OcTeocuHTE3 ABOMA NJIAacTMHAMWU [03BO/IAE 3abes-
neynTn Ginbl PIBHOMIPHUI PO3NOAIN HAMPYMKEHb MiXK
enemeHTaMM MeTaneBOoi  KOHCTpyKLUii. OcTeocuHTes
NAacTUHO 3 MefjianbHOro 6oKy 3abesneyye miHimanb-
HUWI piBEHb HAMPYKEHb Ha FBUHTAxX B meTadi3apHili 30Hi,
a NNacTMHA, WO HaKNajeHa Ha naTepanbHy NMOBEPXHIO
BE/IMKOTOMI/IKOBOI KiCTKM, 3abe3neuvye HalHUXKUYMI pi-
BEHb HaMNpyXeHb Ha CamMOi NAACTUHI Ta Ha FBUHTAX B Ai-
adisi.

MepcneKkTMBM NOAANbLINX AOCAIAMKEHD.

MnaHytoTbCA PO6OTU 3 AOCAIAKEHHA HANPYKEHO-Ae-
$GOpPMOBaHOro CTaHy MoAenei BapiaHTiB OCTEOCUHTE3y
BE/IMKOTOMI/IKOBOI KiCTKM 3 BaraToynamkoBuMM nepeso-
MOM i, BNJIMBOM HaBaHTaXXeHb Ha KPYYEHHA Ta 3TMH BO
bpOoHTaNbHIN Ta cariTanbHiN NAOWMHaX.
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AHANI3 PO3NOAlNny HANPYXKEHDb Nig BNJIMBOM CTUCKAKOYOINo HABAHTAXKEHHA B MOAE/TI TOMINIKU
3 BATATOY/IAMKOBUM MEPEIOMOM MPOKCUMA/BHOIO KIHLA BEIMKOTOMIZIKOBOI KICTKU NPU PI3HUX
BAPIAHTU OCTEOCUHTE3Y

byp’aHoB O. A., Keawa B. ., Mi6a I. I, KapniHcbkuii M. 10., ipecbko O. B.

Pestome. lMepenomu NpoKcMmanbHoro enimeTtadisy BennKorominkosoi Kictku (MEMBIK) cknagatoTs Big 8,9%
00 11% sunagKis No BigHOLWEHHIO A0 NepesioMiB KiCTOK rominku Ta 4o 87% cepes nepenomis B AiNAHLI KONIHHOrO
cyrnoba. MNoagiHa dikcauia NnnacTMHaMM BBAXKAETbCA 30/10TUM CTAaHAAPTOM, OAHAK CyYacCHi JOCNIAMKEHHA 3 BUKO-
PUCTaHHAM O4HO- Ta NOABIMHMUX NIACTUH HE BCTAHOBW/IN iCTOTHOI Pi3HULI MiXK rpynamm,

Mema OdocnidxweHHA. [Jocnigntu HanpyKeHo-gedOpMOBaHUI CTaH MOAENi rominKkM 3 HaraToyfamKoBMM ne-
PENOMOM MPOKCUMANBHOTO KiHUA BENMKOrOMIIKOBOI KiCTKM MPWU Pi3HMX BapiaHTax il OCTEOCUMHTE3Y HAKiCTKOBUMMU
NAacTMHaMM Nig, BNIMBOM CTUCKAOYOro HaBaHTaXKeHHA

06’ekm i MemoOdu 0ocnioreHHA. Po3pobieHa CKiHYeHO-eneMeHTHa MoAes b TOMINKK. Ha NpoKcMManbHOMY KiHL
BE/IMKOTOMINIKOBOI KiCTKM MOAentoBav 6araToylaMKoBUI Nepenom WAAXOM MOro PO3AiNEHHA B PiSHUX NIOLLMHAX.
BrByanu 3 BapiaHTM OCTEOCUHTE3Y MPOKCMMAJIBHOTO KiHLUA BE/IMKOTOMIZIKOBOI KiCTKM HAKICTKOBUMMW NAACTUHAMMU:
naacTMHa 3 megianbHoro 60Ky, NaacT1Ha 3 NaTepasibHOro 60Ky Ta 2 NaaTUHM 3 060x 6oKiB. Bci moaeni gocniasysa-
21 NiJ, BNAMBOM BEPTUKAJ/IbHOTO CTUCKAOUOro HaBaHTaXKeHHA.

Pesyabmamu. B mogeni 3 ABOMa NAACTUHAMM HaNpPYXEHHA B KOHTPONbHMUX TOYKaxX HE3HAYHO NepPEeBULLYOTb Mi-
HiMa/ibHi MOKA3HMKKM B LIUX TOYKaX A8 OAHOBIYHUX Moaenen, ane Big, MaKCMMaNbHUX MOKA3HUKIB BigpisHAOTLCA
B pa3un. OgHa NaacTMHa HAaKNaAeHa 3 MeAianbHOro 6oKy 3abe3neyye HUXKUMI pPiBEHb HAMPYXKEHb B KiCTKOBUX ¢dpa-
rMEHTax B 30Hi Nepesiomy, NAacTMHA HaKkAageHa 3 naTepanbHoro 60Ky 3abesneuye HUKUYNIN PiBEHb HAMPYKeHb Ha
BCiX iHLINX 30HAaX BE/IMKOTOMINIKOBOI KiCTKU. OCTEOCUHTES NACTMHOLO 3 MediabHOoro 60Ky 3abe3snevye miHiMmaibHWUI
piBeHb HanpyeHb Ha rBMHTax B MeTadi3apHii 30Hi, a NNaCTMHA, WO HaKnafLeHa Ha flaTepasibHy NOBEPXHIO BENU-
KOrOMiNIKOBOI KiCTKM, 3abe3nevye HalMHMKYMI PiBEHb HaNpy»KeHb Ha CamMoi NNACTMHI Ta Ha rBMHTax B Aiadisi. OcTe-
OCWMHTE3 ABOMA M/ACTUHaMK [,03BONAE 3a6e3neunTn Hinbll PiBHOMIPHUIA PO3NOAIN HaNPYKEHb MiX enemeHTamm
MeTaneBoi KOHCTPYKL;i.

BucHosKu. Mg, BNIMBOM BEPTUKAZIbHOTO CTUCKAOYOTo HaBaHTaXKEHHA MOAeNb OCTEOCUMHTe3y ABOMa N1acTUHa-
MU [03BOJIAE OTPUMATU HAMPYMKEHHA B KICTKOBUX €/IeMeHTaxX MOZeNi, PiBEHb AKMX BO BCIX KOHTPOJbHUX TOYKAX
3aiMA€E MPOMIKHE NOMIOKEHHA MiXK MAaKCMMaZIbHUM Ta MiHIMaNbHUM 3HAYEHHA HaNpyXeHb B LLUX CAMUX TOYKaxX Ha
MOZENsAX 3 04HOOIYHMM po3TallyBaHHAM NAACTUH. M1acTMHA HaKlageHa 3 megianbHOro 6oKy 3abe3neyye HUKYMIA
piBEHb HAMpyKeHb B KICTKOBMX GpparmeHTax B 30Hi Nepenomy, ase naacTmHa, HaknageHa 3 natepanbHoro 6oky 3a-
6e3neyye HUKYMI piBEHb HaMPYXeHb Ha BCiX iHLWMX 30HAaX BEJIMKOTOMINKOBOI KicTKM. OCTeocMHTEe3 ABOMA NNACTU-
HamM [03BOJIAE 3abe3neynTu HiNbll PIBHOMIPHUIA PO3NOAIN HAaNPYKeHb MiXK eNeMeHTaMU MeTaNeBoi KOHCTPYKL.
OcTeocHHTe3 NAACTUHO 3 MefiaibHOro 60Ky 3abesneyye MiHiManbHUI piBEHb HaMpPyKeHb Ha rBUHTaxX B MeTadi-
3apHili 30Hi, @ N1aCTMHa, WO HaKNaZeHa Ha natepasibHy NOBEPXHIO BE/IMKOTOMIIKOBOI KiCTKM, 3abe3nedye HanHUX-
YK piBEHb HAMPY*KEHb Ha Camoi NNACTUHI Ta Ha FBUHTaXx B Aiadisi.

Knto4oBi cnoBa: rominka, BeJIMKOroMiNIKOBa KicTKa, 6aratoynamKoBUiA Nepesiom, OCTEOCUHTES.

ANALYSIS OF STRESS DISTRIBUTION UNDER COMPRESSIVE LOAD IN A MODEL OF A LOWER LEG WITH A
MULTIFRAGMENTARY FRACTURE OF THE PROXIMAL END OF THE TIBIA WITH DIFFERENT OSTEOSYNTHESIS
OPTIONS

Buryanov O. A., Kvasha V. P., Gliba G. G., Karpinsky M. Yu., Yaresko O. V.

Abstract. Fractures of the proximal epimetaphysis of the tibia (PEMVGK) account for 8.9% to 11% of cases in
relation to fractures of the tibia bones and up to 87% among fractures in the knee joint. Double fixation with plates
is considered the gold standard, however, modern studies using single and double plates have not established a
significant difference between the groups.

The aim of the study. To investigate the stress-strain state of a model of a tibia with a multifragmentary fracture
of the proximal end of the tibia with different options for its osteosynthesis with bone plates under the influence of
a compressive load.

Object and research methods. A finite element model of the tibia was developed. A multifragmentary fracture
was modeled at the proximal end of the tibia by dividing it in different planes. 3 options for osteosynthesis of the
proximal end of the tibia with bone plates were studied: a plate on the medial side, a plate on the lateral side and 2
plates on both sides. All models were investigated under the influence of a vertical compressive load.

Results. In the model with two plates, the stresses at the control points slightly exceed the minimum values at
these points for one-sided models, but differ significantly from the maximum values. One plate applied from the
medial side provides a lower level of stresses in the bone fragments in the fracture zone, the plate applied from
the lateral side provides a lower level of stresses in all other zones of the tibia. Osteosynthesis with a plate from
the medial side provides a minimum level of stresses on the screws in the metaphyseal zone, and the plate applied
to the lateral surface of the tibia provides the lowest level of stresses on the plate itself and on the screws in the
diaphysis. Osteosynthesis with two plates allows for a more uniform distribution of stresses between the elements
of the metal structure.

Conclusions. Under the influence of vertical compressive load, the model of osteosynthesis with two plates
allows to obtain stresses in the bone elements of the model, the level of which at all control points occupies an
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intermediate position between the maximum and minimum values of stresses at these same points on models with
a unilateral arrangement of plates. The plate applied from the medial side provides a lower level of stresses in the
bone fragments in the fracture zone, but the plate applied from the lateral side provides a lower level of stresses in
all other zones of the tibia. Osteosynthesis with two plates allows to ensure a more uniform distribution of stresses
between the elements of the metal structure. Osteosynthesis with a plate from the medial side provides a minimum
level of stresses on the screws in the metaphyseal zone, and the plate applied to the lateral surface of the tibia
provides the lowest level of stresses on the plate itself and on the screws in the diaphysis.
Key words: lower leg, tibia, multifragmentary fracture, osteosynthesis.
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Modern regenerative medicine is actively investigating biocompatible materials for stimulating the growth and
repair of bone tissue. Polyurethane ureas (PUUs) exhibit high mechanical strength, biocompatibility, and controlled
biodegradation, making them suitable for the development of membranes in guided bone regeneration (GBR).
The biodegradation of PUUs was studied through changes in mechanical properties and structure over 1, 3, and 6
months of incubation in biological medium 199. According to IR spectroscopy data, structural changes in PUUs are
observed in the biological environment in the vNH region (3308 cm™ and 3500 cm™), indicating the disruption or
redistribution of hydrogen bonds. A decrease in the intensity of the vC=0 (1726 cm™") and 6NH (1535 cm~) bands
suggests hydrolysis of urethane and urea bonds. The appearance of an absorption band at ~1650 cm~" indicates
destructive changes in the polymer chain and alterations in hydrogen bonding. The obtained results confirm that the
polymer actively interacts with the biological medium, leading to its partial degradation and structural modification.
According to physical-mechanical testing, PUUs lose tensile strength after 6 months of incubation, indicating biodeg-
radation and ensuring a sufficient functional lifespan of membranes during bone regeneration. Cytotoxicity studies
using fibroblast tissue culture revealed no adverse effects of PUUs on cell growth and development, confirming their
safety for biomedical applications. Therefore, PUUs are a promising material for bioresorbable membranes in max-
illofacial surgery, combining effective mechanical support with controlled degradation and no negative impact on
surrounding tissues.

Key words: guided bone regeneration, polyurethane ureas, biodegradation, biocompatibility, polymer mem-
branes, fibroblasts.
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