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In cases of multi-fragment intra-articular fractures of the tibia with damage to the articular surface, the small
size of the fragments does not always allow for stable osteosynthesis using standard intramedullary devices. The aim
is to investigate the stress-strain state of a model of the lower leg with a multi-fragment fracture of the proximal end
of the tibia under various options for its osteosynthesis with intramedullary plates under the influence of torsional
loading. A finite element model of the lower leg was developed. A multi-fragment fracture was modelled at the
proximal end of the tibia. Three options for osteosynthesis of the proximal end of the tibia with intramedullary plates
were studied: a plate on the medial side, a plate on the lateral side, and two plates on both sides. The models were
studied under torsional loading.

The stress levels in the bone elements of the osteosynthesis model with two plates slightly exceed the minimum
values for unilateral models, but differ significantly from the maximum values. The medially applied plate provides
lower stress levels in the bone fragments around the screws in the metaphyseal zone. The plate applied on the lateral
side provides a lower level of stress in all other areas of the tibia. Osteosynthesis with two plates ensures an even dis-
tribution of stress between the elements of the metal structure. With osteosynthesis using a plate on the medial side,
torsional loading causes maximum stress on all elements of the structure. The lowest level of stress is determined
with osteosynthesis using a plate on the lateral side.

Under the influence of torsional load, the plate applied to the lateral side ensures a minimum level of stress both
in the bone elements of the model and in the elements of the metal structure. Maximum stresses are determined
during osteosynthesis with a plate on the medial side. The model of osteosynthesis with two plates allows obtaining
stresses in the bone elements of the model, the level of which at all control points occupies an intermediate position
between the maximum and minimum stress values at these same points on models with unilateral plate placement.

Key words: tibia, multi-fracture fracture, osteosynthesis, mathematical modeling.

Connection of the publication with planned re-
search works.

The work was carried out as part of the research
project “Develop and implement technologies for re-
placing bone defects in victims with combat trauma to
the limbs”, state registration number 0123u101089.

Introduction.

Fractures of the proximal epimetaphysis of the tibia
(PEM) account for 8.9% to 11% of all fractures of the
tibia and up to 87% of all knee fractures. In this group,
lateral condyle fractures occur in 52% to 80% of cases,
medial condyle fractures in up to 7%, and multi-fracture
fractures in 41% of patients. The proportion of these
fractures increases sharply with the age of patients — 1%
of all types of fractures in young people and 8% in the
elderly [1].

The problem of treating intra-articular fractures of
large joints, despite certain positive trends, still remains
relevant in terms of anatomical and functional results.
Considering the well-founded principles of classical
traumatology and orthopedics, which provide for the
provision of anatomical reduction, early function and
loading, the difficulties lie in achieving stable fixation of
fragments while simultaneously ensuring early function.
If in fractures of the PEM type A, B1, C1, a number of
fractures B2 and C2 according to the AO classification,
stable osteosynthesis of bone fragments is quite realistic

in terms of ensuring early movements in the joint, then
in fractures of type B3 and C3 the above treatment prin-
ciples are quite difficult to implement when using tra-
ditional technologies of immersion osteosynthesis, and
even more so conservative treatment [2, 3].

Early onset of movements in the joint without the
threat of secondary displacement is possible only with
sufficient fixation of fragments that form the articu-
lar surface. However, in multi-fragmentary fractures
with damage to the articular surface, the small size of
the fragments does not always allow for stable osteo-
synthesis with standard immersion structures. In such
conditions, early movements are contraindicated and,
as a rule, there is a need for additional external immobi-
lization, which leads to a deterioration in the functional
outcome [4, 5].

In early loading of the limb, torsion loads are the
most threatening. The danger lies in the fact that torsion
is a combined load that contains components of both
compression and bending, which are also directed dif-
ferently on the opposite surfaces of the loaded object
[6]. The influence of all the above-mentioned factors
leads to complex deformations of the object. Therefore,
torsion loads are the most destructive.

Double fixation with plates is considered the gold
standard, however, modern studies using single and
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double plates have not established a significant differ-
ence between the groups [7].

Along with this, the total proportion of postoperative
complications when using double fixation, according to
various authors, is about 11.4%. Analysis of postoper-
ative complications indicates that patients who under-
went a single surgical approach had a lower complica-
tion rate (2.25%) compared to patients who underwent
two approaches (33.3%) [8].

The aim of the study.

To investigate the stress-strain state of a model of the
tibia with a multifragment fracture of the proximal end
of the tibia with different options for its osteosynthesis
with bone plates under the influence of torsional load-
ing.

Object and research methods.

To model the osteosynthesis of the tibia with a
multi-fragment fracture of its proximal end, a basic fi-
nite element model of the tibia [9] was developed in the
laboratory of biomechanics of the Sytenko Institute of
Spine and Joint Pathology of National Academy of Med-
ical Sciences of Ukraine, which included the tibia and
fibula (fig. 1).

A multi-fragment fracture was modeled at the prox-
imal end of the tibia by dividing it in different planes
(fig. 2). The material in the spaces between the frag-
ments was given the properties of an interfragmentary
regenerate.

v

Figure 1 — Basic model of the tibia.

We studied 3 variants of osteosynthesis of the proxi-
mal end of the tibia with bone plates: a plate onthe medial
side, a plate on the lateral side and 2 plates on both sides
(fig. 3).

In our study, the material was considered homoge-
neous and isotropic. A 10-node tetrahedron with qua-
dratic approximation was chosen as a finite element.
All materials from which the models were made were
assigned appropriate mechanical properties, such as
Young’s modulus of elasticity and Poisson’s ratio. The
mechanical properties of biological tissues were select-
ed according to the literature

[10]. The properties of metal
structures were selected ac-
cording to the technical liter-
ature [11]. Data on the me-
chanical characteristics of the
materials used in the modeling
are given in table 1.

All models were investi-
gated under the influence of

a b

torsional loading. The loading
c was simulated for patients

Figure 2 — Model of the tibia with a multi-fragment fracture of the proximal end:
a — front view; b — rear view; c — top view.

weighing 70 kg. For this pur-
pose, a torque of 7 Nm was ap-
plied to the tibial plateau of

15 rm—

the tibia. The distal end of the
tibia had a rigid fixation. The
loading scheme of the models
is shown in fig. 4.

To compare the stress-
strain state of the models, the
maximum stress values were
determined in the proximal
and distal fragments of the
tibia, in the fracture zone, in

a b

c the metal structure and in the

bone tissue around the fixing

Figure 3 — Variants of osteosynthesis of the proximal end of the tibia with its multi-fracture fracture: screws. The layout of the con-

a — plate on the medial side; b — plate on the lateral side; ¢ — two plates on both sides.

Table 1 — Mechanical characteristics of materials
used in modeling

Material Young’s Modulus (E), [Poisson’s Ratio,
MPa n
Cortical bone 18350 0,29
Cancellous bone 330 0,30
Bone regenerate 1,00 0,45
Surgical steel 2,1-10° 0,2

trol points is shown in fig. 5 and
table 2.

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

The modeling was performed using the SolidWorks
computer-aided design system. The stress-strain state
of the models was calculated using the ANSYS software
package [13].
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Table 2 - Control points
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Medial condyle

Lateral condyle
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Bone around screws in diaphysis
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Screws in diaphysis (medial)
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Screws in diaphysis (lateral)
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Medial plate

=
[e)]

Lateral plate

Research results and their discussion.

The first stage of the work was to study the stress-
strain state of the model of the tibia with a multi-frac-
ture fracture of the proximal end of the tibia and its
osteosynthesis with a bone plate on the medial side.
The distribution of stresses in the bone elements of the
model is shown in fig. 6.

Under the influence of torsional loading in the model
of the tibia with a multi-fracture fracture of the proxi-
mal end of the tibia and osteosynthesis with a plate on
the medial side, maximum stresses of 14.7 MPa arise on
the medial condyle, as well as around the screws in the
interfragmentary spaces, where they are determined at
11.5 MPa. In other parts of the tibia, the stress level is
determined in the range from 2.8 MPa to 4.9 MPa.

The stress-strain state of

Figure 4 — Loading scheme of the models.

The location of the bone plate on the lateral side
during osteosynthesis of multi-fragment fractures of the
proximal end of the tibia under the influence of com-
pressive load causes maximum stresses of 25.1 MPa in
the bone around the screws in the intercondylar zone.
As a result, we observe a high level of stresses of 10.8
MPa around these screws and in the interfragmentary
spaces. It should be noted the low level of stresses in
other control points of the model, where it is deter-
mined in the range from 2.2 MPa on the front surfaces
to 3.7 MPa on the back.

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

The high level of stress in the bone fragments around
the screws in the intercondylar zone is due to the high
level of stress of 129.8 MPa on these screws. On the
screws located in the diaphysis of the bone, the stress
level is determined by the lowest — 55.0 MPa. The bone
plate occupies an intermediate position in terms of the
stress level of 113.3 MPa.

At the final stage of the work, a variant of osteosyn-
thesis of the proximal end of the tibia was simulated

the elements of the metal 1 3
structure is shown in fig. 7.
When applying a bone
plate from the medial side
under the influence of torsion-
al load, the maximum stresses
of 279.1 MPa arise precisely
in the plate. Among the fix-
ing screws, the screws in the
metaphyseal zone take on the

2 4

greatest loads, which causes
high stresses in them up to

155.5 MPa. The stresses on the
screws in the diaphyseal part
of the tibia are much lower
and do not exceed 27.5 MPa.
The next stage of the work
was to study the distribution
of stresses in the model of the
tibia with a multi-fracture frac-
ture of the proximal end of the
tibia and osteosynthesis with

a plate from the lateral side.
The stress-strain state of the

bone elements of the model is
shown in fig. 8.

Figure 5 — Layout of the control points:
a — front view; b — back view; c — top view (screws); d — front view (screws).
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200 the highest. The exception is
3 the lateral condyle, the stress-
45 es in which are twice as high
4 as in the model with unilater-
33 al arrangement of plates, and
35 are determined at 5.0 MPa.
) The maximum stress of 21.3
15 MPa is determined on bone
1' fragments in the intercondylar
05 zone around the screws driven

a b c

0 from the lateral side. The mini-
mum stress value of 1.0 MPa is

Figure 6 — Distribution of stresses in the bone tissue of the model of the tibia with a multi-fracture
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); ¢ — top view
(section along the screws in the metaphysis).

recorded in the interfragmen-

tary spaces around the screws

inserted from the lateral side.
Fig. 11 shows the stress-

EE&“ strain state of the elements
p of the metal structures in the
a0 model with osteosynthesis
35 with two plates.
22 The same trend as in the
20 bone elements of the model
15 is observed in the elements of
10 metal structures. The stresses
; on the medial plate are de-
termined at the level of 188.2

Figure 7 — Stress distribution in the elements of the metal structure of the model of the tibia
with a multi-fracture fracture of the proximal end of the tibia and osteosynthesis

with a plate on the medial side.

MPa, which is 1.5 times lower
than in the model with its uni-
lateral location, but on the lat-

200 eral plate the stresses are 1.5

a b C

3 times higher than in the uni-
43 lateral model and are equal to
4 186.0 MPa. At the same time,
3'5 the stresses on the screws in
2t the diaphysis of the tibia prac-
; tically do not differ from the
15 models with unilateral location
1 of the plates and are deter-
05 mined at the level of 29.2 MPa
0 and 47.7 MPa, respectively,

for screws inserted from the

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

medial and lateral sides. The
stresses on the screws driven
from the medial side in the
metaphyseal zone are record-

25&31 ed at 71.4 MPa, which is half
5 the corresponding unilater-
a0 al model, but on the screws
35 driven from the lateral side,
22 the stresses are determined at
20 127.5 MPa, which is only 2%
15 lower than the model with a
10 unilateral plate location.
Z Data on the maximum
stress values at all control

Figure 9 — Stress distribution in the elements of the metal structure of the tibia model with a multi-

points of the models are given

fracture fracture of the proximal end of the tibia and osteosynthesis with a plate on the lateral side. in table 3.

with two bone plates located on both sides of it. 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. If compared with the variants of unilateral ar-
rangement of bone plates, the stress level at all control
points is higher than the lowest indicator but lower than

Model of osteosynthesis
with two plates allows us to obtain stresses in the bone
elements of the model, the level of which at all control
points occupies an intermediate position between the
maximum and minimum values of stresses at these
same points on models with a unilateral arrangement of
plates, regardless of which model the maximum or min-
imum value of the indicator is determined on. It should
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be noted that the stresses at
the control points determined
on the model with two plates
slightly exceed the minimum
indicators at these points for
unilateral models, but differ
from the maximum indicators
by several times. Regarding
models with unilateral plate
placement, a medially applied

200
45

35
2,5
13

05

plate provides a lower level of
stress in the bone fragments

around the screws in the me-
taphyseal zone, but a plate
applied from the lateral side
provides a lower level of stress
in all other zones of the tibia.
Osteosynthesis with two
plates allows for a more uni-
form distribution of stresses

between the elements of the d
metal structure. When osteo-

(¢

synthesis is performed with a
plate on the medial side, the
torsional load causes the high-
est level of stress on all struc-
tural elements compared to
other models. The lowest level

Figure 10 — Distribution of stresses in the bone tissue of the model of the tibia with a multi-fracture
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).

of stress is determined when
osteosynthesis is performed
with a plate on the lateral side.

The optimal fixation of tibi-
al plateau fractures in AO/ASIF
type C fractures remains con-
troversial. The main debate
concerns whether a laterally/
medially positioned plate with

angular stability can provide
sufficient rigidity for fragment
fixation compared to two-plate
osteosynthesis.

Internal fixation with double locking plates is con-
sidered to be biomechanically significantly stronger and
more stable, but the use of two plates significantly in-
creases trauma and the duration of surgery, resulting in
infectious complications (3.3%) and soft tissue necrosis
(6.6%) [14, 15].

However, reports on clinical use are quite contradic-
tory. Some authors indicate that in bicondylar plateau
fractures without a posteromedial fragment, the later-
al locking plate fixation technique shows similar clinical
and radiological results as the double locking plate fix-
ation technique [16], while others defend the position
that only double fixation is able to reduce secondary loss
of reduction and show a better functional result [17].

According to the results of the study, Dehoust J. con-
cluded that double plate fixation provides less subsid-
ence of fragments with double fixation compared to iso-
lated lateral plate fixation, which served as the basis for
“concern about the widespread use of isolated lateral
fixation plates in bicondylar tibial plateau fractures [18].

However, the direction of anatomical and biome-
chanical studies in recent years has been changed after
the formation of a three-column concept in this area
[19].

Figure 11 — Stress distribution in the metal elements of the model of the tibia
with a multifragmentary fracture of the proximal end of the tibia and its osteosynthesis

with two plates on both sides.

Table 3 — Data on the stress values in the elements
of the model of the tibia with a multi-fracture
fracture of the proximal end of the tibia and various
options for its osteosynthesis

Control points Stress, MPa
Ne el el medial plate lateral plate 2 plates
ments
1 14,7 2,5 8,9
2 2,8 2,9 5,0
3 4,7 2,2 2,7
4 2,8 3,7 2,1
5 4,9 2,1
——1 Bone
6 25,1 21,3
7 3,0 4,5
8 2,5 1,4
9 11,5 2,5
10 10,8 1,0
11 155,5 71,4
12 129,8 127,5
13 27,5 29,2
— Metal

14 55,0 47,7
15 279,1 188,2
16 113,3 186,0

ISSN 2077-4214. Bichuk npo6nem 6ionorii i megnuunn — 2025 — Bun. 3 (178) / Bulletin of problems in biology and medicine — 2025 — Issue 3 (178)

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

341



METOAUN TA METOAUKU / METHODS AND METHODOLOGIES

This provision justifies experimental studies not only
on combinations of damage to these structures, the
number of fixing structures, but also, importantly, on
the nature and direction of forces that affect the stabili-
zation of fragments.

Guided by modern research directions, our own
results have shown that models of the tibia with a
multi-fracture fracture of the proximal end of the tibia
react ambiguously to the influence of torsional load-
ing with different options for fixation with bone plates,
which is a direct consequence of its combined compo-
nent. Taking into account the fact that torsional loads
are directed from front to back on one side, and from
the opposite from back to front, the use of two plates
for osteosynthesis seems more preferable. It should also
be taken into account the fact that torsional loads can
act both clockwise and counterclockwise, and from this
point of view the advantages of osteosynthesis with two
plates are even more convincing. Osteosynthesis with a
bone plate on the lateral side according to the criteri-
on of the magnitude of stresses in the elements of the
model looks like an acceptable alternative to two plates,
but when choosing this option of fixation, additional fac-

DOI 10.29254/2077-4214-2025-3-178-337-349

tors should be taken into account, such as the nature of
the fracture, the number of fragments, their size, etc.

Conclusions.

Under the influence of torsional load, the plate ap-
plied to the lateral side ensures a minimum level of
stress both in the bone elements of the model and in
the elements of the metal structure. Maximum stresses
are determined during osteosynthesis with a plate on
the medial side. The model of osteosynthesis with two
plates allows obtaining stresses in the bone elements of
the model, the level of which at all control points oc-
cupies an intermediate position between the maximum
and minimum stress values at these same points on
models with unilateral plate placement. Thus, from the
point of view of counteracting torsional loads, osteosyn-
thesis with two plates is more effective. Osteosynthesis
with a plate on the lateral side may be the method of
choice, taking into account additional factors.

Prospects for further research.

Work is planned to study the stress-strain state of
models of osteosynthesis options for the tibia with a
multi-fragment fracture under the influence of bending
loads in the frontal and sagittal planes.
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Mpu 6azamoynamKosux 8HymMpiwHb60Cy2n10608UX NEPENOMAX 20MifIKU 3 MOWKOOHEHHAM cy2n06080i nosepxHi,
HegenuKuli po3mip ppazmeHmis He 3a8#0uU 0038078€ 8UKOHAMU cmabinbHUli ocmeocuHmes cmaHOApPMHUMU
3AHYPIOYUMU KOHCMpYKUiamu. Mema — docaidumu HanpyxceHo-0edopmosaHuli cmaH mooesni 20MinKu 3
6a2a0moynamMKosuUM repesomMoM MPOKCUMAAbHO20 KiHUA 8eaUKO20MINKOB8OI KicmKu npu pisHUx eapiaHmax ii
ocmeocuHmesy HaKicmKkosuMu MaacmMuHamMu rio 8rnau8omM HAB8AHMAXEHHA HA Kpy4YeHHA. Po3pobaeHa cKiH4YeHo-
enemMeHMHaMooesnb20MinKu. Ha npoKcumasibHOMY KiHUj 8e/1UK020MinKo8OIi KicmKumooentosanu bazamoynamkosuli
nepesnom. Busuanu 3 sapiaHmu ocmeocuHmesy npoKCUMAsibHO20 KiHUA 8€/1UKO20MIfIKOBOI KICMKU HAKICMKosuMUu
nAGCMUHAamMu: naacmuHa 3 meodiasnsHo20 6OKYy, NaacmuHa 3 AamepansHo2o 6oky ma 2 naamuHu 3 06ox 6oKie.
Mooeni docnioxysanu nio 8nau8oM HABAHMAMEHHSA HA KPYYEHHS.

PigeHb HanpyxeHb 8 KicmKosux esnemeHmMax Modesni ocmeocuHmesy 080Md MAACMUHAMU He3HA4YHO
repesuwyroms MiHiMasbHIi MOKA3HUKU 0719 00HO6iYHUX MoOesnel, ase 8i0 MaKCuMasIbHUX MOKA3HUKIB 8i0pi3HAEMbCA
8 pa3u. MedianbHo HAKAAOeHa nAacmuHa 3abesneyye HUMHUl piseHb HAMPYIEHb 8 KiCMKosuX hpazmeHmax
HaBK0s10 28UHMIB 8 MemaghizapHili 30Hi. [lnacmuHa, HakAadeHa 3 AamepasnbHo2o 6oKy 3abe3neyye HUxYuli pieeHs
HAMpy#eHb HA 8CiX IHWUX 30HAX B8e/UK020MInNKoe8oi KicmKu. OcmeocuHmes 08oma naacmMuHamu 3abesneyye
pisHOMipHUL pPO3M00in HANPYyMeHb MiXc enemeHmamu memanesoi KOHCMpYKUii. [pu ocmeocuHmMesi naacmMuHoo 3
medianbHo20 6OKY Kpymsaye HABAHMAXEHHA BUK/IUKAE MAKCUMAbHI HAMPYHeHHA Ha 8Cix eneMeHmMax KOHCMpPYKUii.
HaliHuxyuli pieeHb HaNpy#eHb 8U3HAYAEMbBCA MPU OCMEOCUHME3i NAACMUHOK 3 1aMepasnbHO20 BOKY.

Mi0 enaugom HABAHMAMEHHA HA KPyYyeHHA MAdCMUHa HakaadeHa 3 sAamepanbHo2o 60Ky 3abesneyye
MiHIManbHUU pieeHb HaNpPy#eHs AK 8 KICMKO8UX enemMeHmax Mooesti, maK i 8 enemeHmax memanesoi KOHCMPYKUii.
MaKcumasnbHi Hanpy#eHHs 6U3HAYAOMbCA MPU OCMeocuHmMesi naacmuHo 3 MedianbHo2o 6oky. Moodesns
ocmeocuHmesy 080Ma NAACMUHAMU 00380/AE€ OMPUMAMU HAMPYHEHHA 8 KICMKOBUX enemMeHmax Mooeni, pieeHs
AKUX 80 8CiX KOHMPOsIbHUX MOYKAX 3aUMAE MPOMIHCHE MOAOHEHHA MiX MAKCUMAAbHUM Ma MiHIMA/bHUM 3HAYEHHSA
HAMpy#eHb 8 YUX CaMUX MOYKAX HO M0oOesnsAx 3 00HOBIYHUM Po3Mawy8aHHAM MaAACMUH.

Knrouosi cnoea: teenuxkozominkosa Kicmka, 6a2amoynamKkosuli nepesom, ocmeocuHmes, MamemamuyHe
MOOEesMBAHHA.

342

ISSN 2077-4214. Bicuuk npo6nem 6ionorii i meguuunn — 2025 — Bun. 3 (178) / Bulletin of problems in biology and medicine — 2025 — Issue 3 (178)
https://www.pdmu.edu.ua/ 1a https://vpbim.com.ua/



METOAUN TA METOAUKU / METHODS AND METHODOLOGIES

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

PoboTa BMKOHaHa B pamkax HAP «Po3pobutn Ta
BMPOBAANTM TEXHOJOTIT 3aMilLleHHA KiCTKOBUX AedeKTiB
y nocTpaxkaanmx 3 60MoBO TPAaBMOIO KiHLLIBOK», HOMep
OeprraBHOI peectpauii 0123ul101089.

Bctyn.

Mepenomu NpoKcMMaibHoOro enimeTtadiszy BENMKOro-
MifikoBoi KicTku (MEBIK) cTaHoBAATL Big, 8,9% [0 11% no
BiAHOLIEHHIO 0 NepenoMiB KiCTOK rominku Ta o 87%
cepez nepenomiB KoniHHOro cyrnoba. Y gawini rpyni, ne-
penomu natepanbHOro BUPOCTKA 3yCcTpivatoTbes Bif 52%
00 80% BMNazaKis, MmedianbHoro — Ao 7%, a 6arato ynam-
KoBi nepenomu y 41% nauieHTiB. YacTKka AaHux nepeno-
MiB Pi3KO 3pOCTaE 3 BikOM naLieHTiB — 1% Bifg, ycix BMAiB
nepesomis y monogux i 8% y nrogen noxmnoro Biky [1].

Mpobnema niKyBaHHA BHYTPILWHbOCYF1060BUX ne-
penomis Be/IMKMX cyrnobis, He3BaxKaroum Ha neBHi no-
3UTUBHI TeHAeHLii, A0 TenepiwHboro yvacy 36epirae
CBOM aKTYya/ibHICTb MO BiAHOLIEHHIO A0 aHAaTOMO-PYHK-
LiOHaNbHUX pe3y/abTaTiB. BpaxoBywoun o06rpyHTOBaHI
NPUHUMMM KNACUYHOI TpaBmMaToNOrii Ta opToneaii, AKi
nepeabayatoTb 3abesneyeHHs aHATOMIYHOI peno3uuii,
paHHIO OYHKLiIO | HaBAHTAXKEHHSA, TPYAHOLL NONArATb
B OOCATHEHHI cTabinbHOT dikcauii BignamkiB 3 ogHoyac-
HMM 3abe3neYyeHHAM paHHbOT GyHKLIT. AKWoO npu nepe-
nomax MEBTK tnny A, B1, C1, pagy nepenomis B2 i C2 3a
knacudikauieto AO cTabifibHUIA OCTEOCUHTE3 KiCTKOBUX
dparmeHTiB € OCUTL peanbHMM B MaHi 3abesnevyer-
HS pPaHHiX pyxiB B cyrnobi, To npu nepenomax tuny B3
i C3 BKa3aHi BULLE NPUHUMMM NiKYBAHHA AOCUTb BAXKKO
peanisyBaTu Npu 3aCTOCYBaHHI TPAANLiINHUX TEXHOOTIN
3aHYpPHOIOYOro OCTEOCUMHTE3a, @ TUM bBiNblue KOHcepBa-
TUMBHOTO NiKyBaHHA [2, 3].

PaHHil noyaToK pyxiB B cyrnobi 6e3 3arposun oTpnma-
TW BTOPUHHE 3MILLEHHA MOX/MBE TiIbKM NPU AOCTATHIN
diKcauii dparmeHTiB, siKi yTBOpPOIOTb Cyrn060By NoBepX-
Hto. OfgHaK, npu 6arato y1amMKOBWX nepeniomax 3 fo-
LUKOAMKEHHAM Cyrno60B0i MOBEPXHi, HEBENUKNIA PO3MIp
dparmeHTiB He 3aBXAM [,03BOIAE BUKOHATU CTabinbHU
OCTEOCMHTE3 CTaHAAPTHUMM 3aHYPIOUYNMMU KOHCTPYK-
LismMK. B TakKMX yMOBax paHHi pyxu NPOTMMOKa3aHi i, AK
npaBwuio, BUHUKAE NoTpeba B A0AATKOBIM 30BHIiLLHIN
imobinizauii, Wo nNpusBoaMTbL A0 NOTipWeHHA QyHKLio-
Ha/ibHOro pesynbraty [4, 5].

Mpw paHHbOMY HaBaHTaXKEHHI KiHLiBKM HabinbL 3a-
rPO3/IMBUMM € HAaBaHTAKEHHA Ha KpyyeHHs. Hebesneka
NMoONArae B TOMy, LLO KPYYEHHA € KOMBIHOBaHMM HaBaH-
TaXKEHHAM, AKe MICTUTb CK/IAZ0BI i CTUCKY, | 3TMHY, AKi 40
TOrO X Pi3HOCMPAMOBAHI Ha MPOTUNENKHUX NOBEPXHAM
HaBaHTa)eHoro ob’ekta [6]. Bnams Bcix BMUWE3raaa-

YCKMaZgHEeHb MpW 3acTocyBaHHI noABiliHOI ¢iKcauii, 3a
OaHVMM Pi3HMX aBTOpiB, CKNagae 6amsbko 11,4%. AHa-
Ni3 nicnsionepauiiHMX YyCKIagHeHb BKA3ye, LLLO NaLiEHTH,
AKMM 3aCTOCOBYBaNW OAMH XipypriyHWiA JOCTYN, mManu
HUXYMI piBEHb YCKNaAHEHb (2,25%) nopiBHAHO 3 ABOMA
poctynamu (33,3%) [8].

Merta pocnigKeHHs.

Jocnigntu HanpyxeHo-aAedopMOBaHNUI cTaH moaeni
romifiKv 3 6araToynamkoBUM NepesioMOM NPOKCUMASIb-
HOrO KiHLA BE/IMKOTOMIJIKOBOI KiCTKM NMpU Pi3HUX Bapi-
aHTax il OCTEOCMHTE3y HaKICTKOBMMMW NAACTUHAMM Mig,
BMN/IMBOM HAaBaHTAXKEHHA HA KPYYEHHA.

O6’eKT i meTOaU AOCNiAXKEHHA.

[na mofentoBaHHA 0CTEOCMHTE3Y BE/IMKOTOMINIKOBOI

PucyHok 1 — basoBa mogenb rominku.

KiCTKM i3 BaraToynamkoBMM NepesioMom ii TPOKCUMab-
HOTO KiHUA B 1abopaTopii biomexaHikmn Y «IHCTUTYT na-
Tosorii xpebTa Ta cyrnobis im. npod. M.I.CuteHka HAMH
YKpaiHn» 6yna pospobsieHa 6a3o0Ba CKiHYEHO-e/1eEMEHT-
Ha moaenb rominka [9], AKa micTuna BEIMKOrOMiNKOBY
Ta MafIoromifnIkoBy KicTku (puc. 1).

Ha npoKkcrmanbHOMY KiHLi BEIMKOTOMiZIKOBOI KiCTKK
moZentoBann 6araToynamMKoBUIM NEPENOM LINAXOM MOro
po34ineHHs B pi3HMX naolmHax (puc. 2). Matepiany B
NMPOMIXKKax MiK dparmeHTamu HagaBasn BAACTMBOCTI
MiXKy/TaMKOBOTO pereHepary.

BuBuyanum 3 BapiaHTV OCTEOCUHTE3Y NPOKCUMABHOIO
KiHUA BE/IMKOTOMINIKOBOI KiCTKM HaAKiCTKOBMMM NAaCTU-
HaMW: NAacTUHA 3 MmefianbHoro 60Ky, NJacTUHa 3 naTte-
panbHOro 6oKy Ta 2 naatuHKU 3 obox bokis (puc. 3).

B Hawomy pocnigKeHHi matepian paxysanau ogHO-
pigHMM Ta i30TPONHMM. B AKOCTI CKiHYEHOrO enemeHTy
6yB obpaHuii 10 By3n0BUI TeTpaeap 3 KBaLPATUYHOIO
anpoKkcumaldieto. Bcim matepianam, 3 AKUX cKaaganumcs
mopaeni, 3ag4aBann BiANOBIAHI MeXaHi4YHi BNacTUBOCTI

HUX aKTopiB NpPM3BOANUTL A0
cKnagHux agedopmauii 06’ek-
Ta. ToMy came HaBaHTAXKEHHS
Ha Kpy4yeHHA € Halbinbl pyn-
HIBHUMM.

MoagitHa dikcauia nnac-
TUHAaMW BBAKAETbCA 30/I0TUM
CTaHAApPTOM, OAHAK Cy4vacHi
OOCNIAXEHHS 3 BUKOPWUCTAH-
HAM OZHO- Ta NOABIHMX Naac-
TUH He BCTAHOBWMAWM iCTOTHOI

pi3HMLi MiX rpynamm [7]. a

1] B

Mopag 3 uuMm, 3arajb-
Ha yYacTKa nicnsonepauinHmx

PucyHOK 2 — Mogenb BeIMKOroMiNIKOBOI KiCTKM 3 6araToy1amKoBMM nepesioMomM NPOKCUMAsIbHOrO
KiHUA: a — BUA cnepeay; 6 — BUA 33aay; B — BUA 3BepXy.
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Taki, AK MOAYNb NPYXKHOCTI
KOHra Ta KoeoiujieHT MyaccoHa.
MexaHiyHi BnactusocTi 6io-
JIOTIYHUX TKAaHUH obupann 3a
AaHumun nitepatypu [10]. Bna-
CTUBOCTI MeTaJIeBUX KOHCTPYK-
Uin obupann 3a AaHUMM Tex-
HiyHOT niTepatypu [11]. AaHi
NPO MexaHiYHi XapaKTepucTu-
KM MaTepianis, BUKOPUCTAHUX

a o B npu MoaentoBaHHi HaBeaeHi B
Tabn. 1.
PUCyHOK 3 — BapiaHTK OCTeOCUHTE3y NPOKCUMANbHOTO KiHLA BE/IMKOrOMINIKOBOT KiCTKM 3 ioro 6ara- Bci mogeni pocnigxysanu

TOYNaMKOBUM nepenoMmom: a — nanacTtuHa 3 MmegianbHoro 60Ky; 6 — nnactuHa 3 natepanbHoOro SOKV; B

Ta6bnuua 1 — MexaHiuHi XapaKTepuCcTUKKN maTtepia-

NiB, W0 BUKOPUCTOBYBA/IN NPU MOAENOBaHHI

. Mo i
=y
KopTuKkanbHa KicTKa 18350 0,29
[ybuyacTa KicTKa 330 0,30
KicTKoBWi pereHepaTt 1,00 0,45
XipypriyHa cTanb 2,1.10° 0,2

PUCYHOK 4 — Cxema HaBaHTaXeHHA mogeneii.

nig, BNAVMBOM HaBAHTAXKEHHSA
Ha KpyyeHHA. HaBaHTa)KeHHA
moaentoBann ana nauieHTis saroto 70 Kr. na uboro oo
TibiaAbHOro NNaTo BE/IMKOTOMINIKOBOT KiCTKM NMpuKNaga-
JIV KPYTHUA MOMEHT BEIMYNHOW 7 HM. [ucTanbHUi Ki-
HeLb BE/IMKOrOMI/IKOBOI KiCTKM MaB *KOPCTKE 3aKpinaeH-
HA. CxeMa HaBaHTa)KeHHA Moaeniell HaBefeHa Ha puc. 4.

[1a NOpiBHAHHA HanpyXeHO-AedOPMOBAHOIO CTaHy
MmoZenen BM3HAYalM MaKCMMANbHI BEAWYMHU Hanpy-
KE€Hb B MPOKCMMaNbHOMY Ta AUCTaNbHOMY dparmeHTax
BEJINKOTOMIIKOBOI KiCTKM, B 30HI nepenomy, B meTtane-
Bill KOHCTPYKL,ii Ta B KiCTKOBIIM TKAaHWHI HaBKO/IO QiKcyto-
4YMx rBUHTIB. Cxema po3TallyBaHHA KOHTPOJIbHUX TOYOK
HaBeAeHa Ha PUCYHKY 5 Ta B Tabauui 2.

JocnigxeHHA moaenert BUKOHYBanu 3a ONOMOrOHO
MEeTOAY KiHUEBUX eleMeHTiB. B AKOCTi KpuTepito oLuiH-
KM Hanpyx}eHo-4edopMOBaHOro CTaHy Moaesnel BUKO-
PUCTOBYBa/IM HaNpy*KeHHs 3a Misecom [12].

MogentoBaHHA BMKOHYBa/M 3a [OMOMOrOK CUCTe-
MW aBTOMaTM30BaHOro npoekTyBaHHA SolidWorks. Pos-
paxyHKM HanpyeHo-4epopmMOoBaHOro CTaHy mogaenei
BMKOHYBA/M 3a [AOMOMOrOH MPOrpamHOro KOMMaeKcy
ANSYS [13].

Pe3ynbTatu AocnigKeHHA Ta ix 06roBopeHHs.

Mepwum etanom pobOTi BUBYAAM HaMpysKeHo-Ae-

— ABi nnacTMHu 3 060x 60KiB.

1

3 2

4 dopMmoBaHMN CcTaH Mogeni
romizku 3 6araToy1aMmKoBMM
nepesioMoM  MPOKCMMabHO-
ro KiHUA BEJIMKOrOMI/IKOBOT
KiCTKM Ta il ocTeocuHTE3OM
HAKICTKOBOK  NNacTMHOWO 3
mMmefianbHoro 60Ky. Posnogin
Harnpy»eHb B KiCTKOBUX ene-
MEHTax mogeni HaBegeHo Ha
puc. 6.

Mia BNAMBOM  HaBaHTa-

JKEHHS HA KPYYeHHs B mogeni
rominku 3 6araToy1amMmKoBMM
nepesioMoM  NPOKCMMaNbHO-
ro KiHUA BEJIMKOrOMINIKOBOT
KICTKM | OCTeOCMHTE30M nac-
TUHOK 3 MmedianbHoro 60Ky
MaKCUMasbHi HanpyXeHHA
BenndunHoto 14,7 Mlla BUHUKa-
I0Tb Ha nNocepeaHbOMYy BMPO-
CTKY, @ TAaKOX HABKOJ10 IBUHTIB

B MiXKYNAMKOBMX MPOMIXKKaX,
[€e BOHM BM3HAYalOTbCA Ha

PUCYHOK 5 — Cxema po3TallyBaHHA KOHTPONABHUX TOUOK: a — BUA, cnepeay; 6 — eug 33aay;

no3Hayui 11,5 MMa. Ha iHwmnx

B — BUA 3Bepxy (rBUHTH); F — BUA cnepeay (rBUHTH). AinAHKax BE/IMKOTOMINIKOBOI
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KiCTKM piBEHb HAMNpPY»XeHb BM3HAYAETLCA B MeXKaXx Bif 2,8
MTMa go 4,9 MMNa.

Tabnnusa 2 — KOHTPONbHI TOYKK

. Ne EnemeHT mopgeni

Hanpy»keHHO-AepOopMOBaHMI CTaH efleMeHTiB MeTa- —
N1eBOi KOHCTPYKLii HaBeAeHO Ha puc. 7. 1 n,pwcevpep'm” BMPOCTOK

MpY HaknagaHHI HaKiCTKOBOI NAACTUHM 3 Mefianb- 2| Bi4Hui BMpOCTOK -
HOrO BOKY Mif, BMAMBOM HaBaHT@KEHHS HA KpyueHHs || |1ePEAHA TOBEPXHA B 30HI nepenomy
MaKCMManbHi HanpyeHHa 279,1 MMa BuHUKaloTh came |4 | 33AHA NOBEPXHA B 30HI nepenomy —
B MNaCTUHI. Cepes, GIKCYIOUNX MBUHTIB HalbinbLWi Hasan- | > | RICTKA HABKONO TBUHTIB B MXBMPOCTKOBIA 30HI
TaXKeHHs CrpUIMaloTb Ha cebe rBUHTY B MeTadi3apHiit 6 | KicTKa HaBKOJIO rBUHTIB B MiXXBUPOCTKOBIW 30HI
30Hi, WO BUK/IMKAE B HUX BMUCOKI Hanpy»eHHs go 155,5 7 | KicTka HaBKO/IO rBUHTIB B Ajadisi
MnMa. HanpyeHHs Ha rBuHTax B AiadizapHiit yacTuHi e- |8 | KICTKa HaBKONO rBuHTIB B Aiadisi
JIMKOFOMIZIKOBOT KiCTKM 3HAUYHO HUKY | He nepeBuiytote | 9 | KiCTKa HaBKono rBUHTIB B MiXyn1amkoBHX NPOMixKax
nosHayku 27,5 MMMa. 10 | KicTKa HaBKOJIO TBUHTIB B MiXKY/TAMKOBMX MPOMIXKKax

HacTynHum etanom po6oTu BMBYaAM PO3NOAIN Ha- 11 | TBWHTM BepxHi (MeaianbHi)
npy*KeHb B MoZeni rominku 3 6aratoynaMKoBMM nepe- 12 | lBUHTYM BepxHi (naTepanbHi)
IOMOM NPOKCMMANbHOTO KiHLA BEMKOrOMIiNIKOBOI KiCT- 13 | lBuHTK B Aiadisi (MeaianbHi)
KM i OCTEOCMHTE30M MAACTUHOI 3 laTepasibHOro GOKy. 14 | leuHTu B Aiadisi (naTepanbHi)
HanpyeHo-a4edopMoBaHNI CTaH KiCTKOBUX eN1eMEeHTIB 15 |MnactuHa medianbHa
mogeni BigobpaxkeHuin Ha puc. 8. 16 | NnactuHa natepanbHa

Po3TallyBaHHA  HaKicTKoO-
BOi MAACTUHM 3 NaTepasbHOro 200
OOKy npu ocTeocuHTesi 6Ha- 3
raToyn1aMKOBUX nepesomis :11’5
MPOKCUMANbHOTO  KiHUA  Be- 35
JIMKOTOMINIKOBOT ~ KiCTKM  Mig, 3
BM/IMBOM  CTUCKAlOYoOro Ha- 25
BaHTA)KEHHA BWK/IMKAE MaK- 7
CUMaNbHi HanpyKeHHA Benu- 1,5
ymHoto 25,1 Mla B KicTKOBUX 1
HaBKO/MIO TBUHTIB B MiKBUPO- 0,5
CTKOBIA 30Hi. fAK Hacnigok, a o B 0
CNoCTepiraeEMo BUCOKil piBeHb

HanpyxeHb 10,8 MIl1a HaBKkonO
LMX TBUHTIB i B MiXKy/TAMKOBMX
npomixkkax. Cnig BigmitUTH
HU3bKMIN piBEHb HAMpPyXeHb

PucyHoK 6 — Po3nogin Hanpy»eHb B KiCTKOBi TKAHUHi moAaeni rominku 3 6araToynamkoBum nepeno-
MOM NPOKCUMA/IbHOTO KiHLA BEIMKOTOMIZIKOBOI KiCTKM | OCTEOCMHTE30M NNIACTUHOIO 3 MeAiaNbHOro
60Ky: a — 3aranbHuit BUA; 6 — BUA cnepeay (nepetuH no reuHTam B giadisi);

B — BUA 3BepXY (nepeTuH no reuHTam B metadisi).

B iHLWMX KOHTPOJIbHUX TOYKAX
mopaeni, Ae BiH BM3HAYaETbCA
B Mexax Big 2,2 Mla Ha ne-
pepHi nosepxHi Ao 3,7 MMMa Ha
3a4Hil.

Po3nogin HanpyxeHb B
enemeHTax MeTaneBoi KOH-
CTPYKLIii MOXHa crnocTtepiratu
Ha puc. 9.

Bucokuii piBeHb Hanpy-

EeHb B KiCTKOBMX ¢parmeHTax
HABKOJIO TBUHTIB B MIiXBUPO-
CTKOBIM 30Hi 06ymoBieHMI

PucyHoK 7 — Po3nogin Hanpy)eHb B e1eMeHTax MeTaieBoi KOHCTPYKLii Mogeni rominku
3 6araToynamkoBUM NepesIoMOM NPOKCUMANbHOTO KiHLA BEIMKOTOMIIKOBOT KiCTKU
i OCTEOCMHTE30M NNACTUHOIO 3 MeAianbHOro 60OKy.

BMCOKMM PiBHEM HaMpyXeHb 200
129,8 Mlla came Ha UMX FBUH- 5
Tax. Ha reuHTax, posTalioBa- j’s
HMX B Aiadisi KicTKM, piBeHb 3,5
Hanpy»KeHb BM3HAYAETbCA 3
HaliHWx4YMm — 55,0 MMa. Ha- 75
KiCTKOBa MAacTMHA 33 pPiBHEM g'
HanpyxeHb 113,3 MIlMa 3a- 1,5
MMa€ NPOMiXKHY No3uLito. 1

Ha 3akntoyHomy eTani po- 03
60T MmopentoBanuM BapiaHT a 0 B 0
OCTEOCMHTE3y  MPOKCUMMasb-

HOTO KiHUSA BEIMKOTroMinKoBoOi
KiCTKW ABOMa HaKiCTKOBUMMU
naacTMHaMM, PO3TaOBAHUMM

PucyHoK 8 — Po3nogin Hanpy»eHb B KiCTKOBI TKaHUHI Mogeni rominku 3 6aratoynamKoBum

nepenomom NPOKCMMAJIbHOTO KiHLAA BEJIMKOTOMI/IKOBOI KiCTKM | OCTEOCMHTE30M NIACTUHOLO

3 NnatepanbHoro 60Ky: a — 3aranbHui BuA; 6 — BUA cnepegy (nepetuH no reMHTam B giadisi);
B — BMA 3Bepxy (nepeTuH no reMHTam B meTtadisi).
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228,31 MyM Hanpy»eHb 21,3 MTla Bu-
ig 3HAYAETLCA Ha KICTKOBMX d)pgv-
0 FMEHTaX B MiXKBMPOCTKOBI
35 30Hi HaBKONO FBUHTIB NpoBe-
30 [EHUX 3 naTepanbHoOro 6GOKy.
25 MiHiManbHe 3HaYeHHA Hanpy-
20 ;

1= eHb 1,0 MMa 3adikcoBaHe
10 B MiXKY/NTaMKOBMX MPOMIXKKax
5 HaBKOJIO MBUHTIB, NPOBEAEHMX
0 3 aTepanbHOro 6oKy.

PucyHokK 9 — Po3nogin Hanpy»KeHb B eleMeHTax MeTaneBoi KOHCTPYKLiTi moaeni rominku
3 6araToynamKOBUM NepenomMmomM NPOKCUMANbHOIO KiHLA BEIMKOrOMINIKOBOI KiCTKM
i OCTEOCMHTE30M NNACTUHOIO 3 NaTepasibHOrO GOKy.

Ha puc. 11 HaBeaeHo Ha-
npyxeHo-gebopmMmoBaHUM
CTaH e/fleMeHTIB  MeTaneBux

700 KOHCTPYKLiA B moaeni 3 ocTte-
5 OCMHTE30M ABOMA NNAACTUHA-
45 MW,

4 Tax cama TeHAeHUiA, Wo i
3,5 B KICTKOBMX enleMeHTax mogeni
3 CMOCTepIraeTbCca i B enemeH-
2,5 Tax MeTaseBUX KOHCTPYKLLN.
z HanpyeHHA Ha megianbHil
1.3 NAACTUHI  BM3HAYAlOTbCA Ha
1 pisHi 188,2 MlMa, wo B 1.5

05 pasn HuXK4Ye 3a moaenb 3 i

0 .
O,CI,H06I"IHVIM PO3TalWlyBaHHAM,

ane Ha flaTepanbHilt NAacTUHI
Hanpy»XeHHA B 1.5 pa3su Buwi
33 04HOGIYHY moaenb i gopis-
HotTb 186,0 MIMa. Mpwn ubomy
Hanpy»eHHA Ha rBUHTax B Aj-
adisi BE/IMKOroMiNIKOBOI KiCTKM
NPaKTUYHO He BiAPI3HAIOTLCA
Bif, mogeneit 3 OAHOGIYHMM

r a

po3TalyBaHHAM MNAACTUH i
BM3Ha4aloTbCA Ha piBHI 29,2

PucyHok 10 — Po3nogin HanpyKeHb B KiCTKOBi/ TKAHUHI moAeni rominku 3 6aratoynamkoBum nepe-
JIOMOM NPOKCUMANbHOTO KiHLA BE/IMKOTOMIZIKOBOI KiCTKM | OCTEOCMHTE30M ABOMA NNAAaCTUHAMMU:
a — 3aranbHuii Bug; 6 — Bug cnepeay (nepetuH no remHTam B giadisi 3 megianbHoro 60Ky);

B — BUA cnepeay (nepeTuH no reMHTam B Aiadisi 3 natepanbHoro 60ky); r — BuA 3sepxy
(Bna cnepeay no reMHTam B meTadisi 3 megianbHoro 60Ky); 4 — BUA 3Bepxy
(Bug cnepeay no reuHTam B metadisi 3 natepanbHoOro 60Ky).

3 060x ii 6okiB. HanpykeHo-gepopmoBaHUin CTaH moge-
ni HaBeZeHo Ha pwuc. 10.

BUKOPMCTaHHA [BOX HaKiCTKOBUX NAACTWH Beae [0
6inblu PIBHOMIPHOrO PO3MOAINY HAaMpPY*KEHb B KICTKOBUX
enemeHTax mogeni. AKWO NopiBHOBATK 3 BapiaHTaMu
04HO6IYHOro po3TallyBaHHA HAKICTKOBMX MIACTUH, TO
piBeHb HanpyeHb BO BCiX KOHTPO/IbHUX TOYKAX BULLMUIA
33 HAMHUXKUYNIA MOKA3HUK afie HMKYe 3a HaBUWMin. Bu-
HATOK CKNaZa€ BiYHWUI BUPOCTOK, HAMpPYKEHHA B AKOMY
BABIYi BML 32 MoAeni 3 oAHOBIYHMM PO3TallyBaHHAM
NAACTUH, | BU3HAYaOTbCA Ha No3Hayui 5,0 MlMa. Makcu-

MTMMa Tta 47,7 MMa, Bianosig-
HO ONA TBWUHTIB, NPOBeAEHUX
3 MefianbHOro Ta JsaTepab-
Horo 6okiB. HanpyseHHA Ha
rBMHTAX NPOBEAEHUX 3 Meni-
anbHoro 6oky B meTadizapHii
30Hi 3a¢ikcoBaHi Ha piBHi 71,4 MIa, L0 BABIYI HMXKYe 32
BigNoBiAHY OAHOBIYHY MoAe/b, ane Ha rBUHTax Npose-
AEeHUX 3 naTepasbHOro 60Ky Hanpy»KeHHA BU3HAYatOTb-
€A Ha no3Hauyui 127,5 MMMa, wo TinbKM Ha 2% HUXK4e 32
MOZAeNb 3 OAHOBIYHMM PO3TaLLYBAHHAM MAACTUHU.

[aHi Npo MaKcMManbHi BEINYMHU HaMNpyXeHb BO
BCiX KOHTPOJ/IbHUX TOYKaX MoAenen HaseaeHi B Taba. 3.

Mogenb ocTeocuMHTe3y fABOMA NAACTMHAMW  [03-
BONIAAIE OTPMMATK HAMpPYXKEHHA B KiCTKOBUX enemeHTax
Mogaeni, piBeHb AKUX BO BCiX KOHTPOJIbHUX TOYKAax 3a-
MMa€e MPOMIKHE MONOMKEHHA MiXK MAKCMMaZbHUM Ta

MiHIMaZIbHMM 3HaAYeHHA Ha-

22831

50 NPY)KeHb B LMX CaMMX TOYKax
45 Ha MoAenax 3 OAHOBIYHUM
‘3“5’ pO3TallyBaHHAM MAACTUH, He-
10 3a/1eKHO Bif, TOro Ha AKOI MO-
75 JAeni BU3HauYeHO MaKcMmasibHe
20 260 MiHiManbHe 3HaYyeHHsA no-
15 KasHuKa. Cnig BigAMITMTH, LLO
;U HanpyKeHHA B KOHTPOJIbHMX
0 TOYKax, BM3HAYeHi Ha mogeni

PucyHok 11 — Po3nogin Hanpy»KeHb B MeTaneBuUxX eieMeHTax MoAeni roMmiNku
3 6araToynamMmKoBMM NepesioMoM NPOKCUMANbHOIO KiHLA BEIMKOTOMINIKOBOI KiCTKU
Ta ii 0CTEOCMHTE30M ABOMa niacTMHamu 3 060x 60KiB.

3 ABOMA MJIaCTUHAMM He3Hau-
HO NepeBULLYIOTb MiHIMaJbHI
NMOKAa3HMKN B LMX TOYKaxX ANA

346

ISSN 2077-4214. Bicuuk npo6nem 6ionorii i meguuunn — 2025 — Bun. 3 (178) / Bulletin of problems in biology and medicine — 2025 — Issue 3 (178)

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



METOAUN TA METOAUKU / METHODS AND METHODOLOGIES

04HOBIYHMX Moaenel, ane Bif, MakCMManbHUX NOKa3HK-
KiB Bigpi3HAlOTbCA B pa3n. CTOCOBHO moaenen 3 ogHo-
6i4HMM pO3TalyBaHHAM NAACTUH, MejiabHO Haknaze-
Ha NNacTMHa 3abe3neyye HUKUYMIN piBEHb HANPYXKEHb B
KiCTKOBMX pparmeHTax HaBKOJIO rBUHTIB B MeTadizapHii
30Hi, afie NNacTMHA, HaknaZeHa 3 fatepanbHOro 6okKy
3abe3neuye HUNKYMIA PiBEHb HAMpPYMKeHb Ha BCiX iHLWWMKX
30HaX BE/IMKOrOMINIKOBOT KiCTKU.

OcTeocuHTE3 ABOMA NAacTMHaAMM [03BONIAE 3abes-
neynTn Ginbl PIBHOMIPHWIA PO3NOAIN HANPYKEHb MiX
efleMeHTaMM MeTasieBOi KOHCTPYKLi. Mpy ocTeocuHTesi
NAACTUHOO 3 Meia/IbHOro HOKY KpyTAYe HaBaHTAKEHHSA
BUK/IMKAE MAaKCMMa/bHi 32 PiBHEM HaNpPy*KEHHA Ha BCiX
e/leMeHTax KOHCTPYKLi B MOPIBHAHHI 3 iHLWUMMW Mmoaens-
MW. HalHWKYMI piBEeHb HaNpy»KeHb BM3HAYAETHCA MpU
OCTEOCMHTE3i MNACTMHOLIO 3 1aTepasibHOro HOoKy.

MuTaHHA onTuManbHOi ¢ikcauii npu nepenomax
naaTo BE/IMKOTOMINIKOBOI KiCTKM MpW nepenomax Tumny
C 3a AO/ASIF 3anuwaeTbca cynepedunnsum. OCHOBHa
[OMCKYCiA CTOCYETbCA MOJIOXKEHHA: Y/ CMPOMOXKHA nate-
panbHo/MeajianbHO PO3TaloBaHa MIAacTMHA 3 KYTOBOK
CTabifNbHiCcTIO 3a6e3neynT AOCTaTHIO KOPCTKiCTb iK-
caLii Big/1aMKiB B NOPIBHAHHI 3 OCTEOCMHTE30M ABOMA
nAacTUHaMM.

BHyTpilwHA ¢iKkcauis 3a Aonomoroto noaginHuX
6/I0KYIOYM NIACTUH BBAKAETbCA OioMexaHiYHO cyTTe-
BO MiLHilWOW Ta cTabiNbHiWOW, OAHAK 3acTOCyBaHHA
OBOX MIACTUH CYTTEBO NiABULLYE TPAMaTU3ALIIO Ta Tep-
MiH NpoBeAEeHHA OMepaTMBHOrO BTPYYAHHA, Hachia-
KOM fAIKOTO € iHpeKLiMHI ycknaaHeHHs (3,3%) Ta HeKpos3
M’ AKUX TKaHWH (6,6%) [14, 15].

OfHaK, NOBIAOMANEHHA WOoA0 KAIHIYHOro 3acToCyBaH-
HA € 0BOAI NpoTUNEXHUMU. OAHI aBTOPU BKA3YHOTb, L0
npw 6ikoHAMNAPHUX Nepenomax nnaTto 6es3 3agHbomes;-
aNbHOro pparmeHTa TEXHiKa natepanbHOi 6/10KyBanbHOI
diKcauil n1acTMHOW NoKasye NofAibHi KAiHiYHI Ta pagio-
NIOFiYHi pe3ynbTaTh, AK | TexHika noAsiliHOI 610KyBasib-
Hoi ¢iKcaLii nnacTnHoto [16], iHWI BiACTOOTb NO3ULitO,
WO Nuvwe noagiiHa ¢ikcauia CNpOMOXKHA 3MEHLIUTH
BTOPWHHY BTPATy Peno3uLii Ta NoKa3aTn Kpawmi GpyHK-
LioHanbHW pesynbTat [17].

3a pesynbratamu gocnigxkeHHsa, Dehoust J. 3pobus
BMCHOBOK, WO @iKcauia noaBiMHMMKW NaacTMHamuM 3a-
6e3neuye meHLWwe NpocigaHHA BiANaAMKIB NPU NOABIMHIN
¢iKcaLil B MOPiBHAHHI 3 i30/1bOBaHO diKcalieto nate-
panbHUMM NACTUHAMM, WO CAYryBano Niacrtasoto AnA
«3aHEMOKOEHHA LLOAO LUMPOKOrO BMKOPWUCTAHHA i30-
NIbOBaHUX NaTepasbHUX OiKCytoumMx nnacTuH npu biko-
HAINAPHUX NepesomMax NaaTo Be/IMKOrOMIIKOBOI KiCTKM
[18].

OfHaK, HanpsmMoK aHaTOMO-bioMexaHiYHUX [ocni-
OYKeHb OCTaHHIX pokKiB, 6yB 3MiHEHWUI nicns dopmyBaH-
HA TPbOX KOJIOHHOT KoHLenuii gaHoi ginaHku [19].

[aHe MNonoMKeHHA OB6rpyHTOBYE eKCnepuMeHTaNbHi
OOCNIAXKEHHS He TiNIbKM 332 KOMBIHALLIAMM NOLKOAKEHD
LMX CTPYKTYP, KiNbKOCTi iKCyouMX KOHCTPYKLiN, a Wwo
BaXK/IMBO 32 XapaKTepOM Ta HaAMPAMKOM CUA, AKi BNAK-
BalOTb Ha CTabinisaLito Bignamkis.

Kepylouncb cyd4acHMMM HanpAaMKamu AOCAIAXKEHb,
BN1IACHI pPe3ynbTaTy NOKasanu, Wo Mogeni rominku 3 ba-
raToyNamMKOBUM NEPEOMOM MNPOKCMMANBbHOTO KiHLA
BE/IMKOTOMI/IKOBOI KiCTKM HEOAHO3HA4YHO pearyrTb Ha
BM/IMB KPYTHOTO HaBaHTa)XEHHA NpUW Pi3HMX BapiaHTax
diKcauii HaKiCTKOBUMW NAaCTUHAMM, WO € NPAMUM Ha-
CNifLKOM 1oro KOMbiHOBaHOI CK1afoBoI. 3 ypaxyBaHHAM

Table 3 — Data on the stress values in the elements
of the model of the tibia with a multi-fracture
fracture of the proximal end of the tibia and various
options for its osteosynthesis

KOHTPO/bHI TOYKMK Hanpy»eHHa, MINa
No EnemeHTM megiasibHa natepanbHa 2
mogeni nnacTuHa nnacTuHa NNACTUHM
| 1] 14,7 2,5 8,9
| 2 ] 2,8 2,9 5,0
EX 4,7 2,2 2,7
| 4 | 2,8 3,7 2,1
51 . . 49 2,1
T KicTkoBi 251 213
| 7 | 3,0 4,5
| 8 | 2,5 1,4
19 | 11,5 2,5
10 10,8 1,0
111 | 155,5 71,4
112 | 129,8 127,5
13 . 27,5 29,2
? MeTanesi 55.0 477
15 | 2791 188,2
16 113,3 186,0

TOrO, LLLO KPYTHi HAaBAHTA)KEHHA MatoTb CMPAMOBAHICTb 3
opHoro 6oKy cnepeay Hasaf, a 3 NPOTU/IENKHOIO 33a4y
Bnepes, BMKOPUCTAHHA ABOX MAACTUH AA OCTEOCUH-
Tesy BMragae 6inblu nepesBaxkHMm. Cnig BpaxoByBaTu
i TOM aKT, WO KPYTHI HaBaHTaXEHHA MOXKYTb AiATH, AK
3a CTPINIKOKO FTOAMHHMKA, TaK | MPOTK Hel, i 3 i€l TOYKK
30py nepeBarn OCTEOCMHTE3y ABOMA MJIACTUHAMMU €
e 6inblw nepekoHANMBUMKU. OCTEOCUHTE3 HAKICTKOBOIO
NAACTUHOO 3 NaTepanbHOro 6OKy 3a KPUTEPIEM BENNYMH
HaMpy*KeHb B eleMeHTax MoAeNi BUTNSAAAE NPUAHATHOO
a/NbTepHaTMBOKO [ABOM NAAcTMHAM, ane npu obpaHHi
[AHOro BapiaHTy ¢ikcauii cnig BpaxoByBaTM A0A4ATKOBI
baKTopuW, TakM AK XapaKTep nepesnomy, Kinbkictb dpar-
MEHTIB, iX pO3Mip Ta iH.

BucHoBKM.

Mia BNAMBOM HaBaHTaXEHHA Ha KPy4YeHHA NnacTUHa
HaK/MaZeHa 3 natepasbHoro 6oky 3abesnevye miHimanb-
HUI piBEHb HAMpPYXeHb AK B KiCTKOBUX eNemMeHTax Mo-
Jeni, TaK i B eneMeHTax meTaneBoi KOHCTPYKLUii. MaKcu-
ManbHi HanpyXeHHA BM3HAYalTbCA MPU OCTEOCUHTESI
naacTMHo 3 megianbHoro 6oky. Moaenb ocTeoCnHTE3Y
ABOMA NAaCTMHaMW L,03BONAE OTPUMATU HaNpyKeHHA B
KICTKOBMX eleMeHTax Mogeni, piBeHb AKUX BO BCiX KOH-
TPONbHMX TOYKAX 3alMaE MPOMINKHE MOMOXKEHHA MiX
MaKCMMaNIbHUM Ta MiHIManbHUM 3HAYEHHA HanpyXeHb
B LMX CAMMX TOYKaX Ha Moaensax 3 ogHobiyHMM posTa-
WYBAHHAM NAACTUH. TaKMM YMHOM, 3 TOYKM 30py NpPo-
TUAIT KPYTHUM HaBaHTa)KeHHAM, 6inbll ePpeKTUBHUM €
OCTeOCUHTE3 ABOMA NaacTUHamm. OcTteocMHTe3 NaacTu-
HOO 3 laTepanbHOro 60Ky Moxe Byt metogom Bubopy
3 ypaxyBaHHAM 04aTKOBUX GAKTOPIB.

MNepcnekTnBa NoganbLIMX AOCNIAKEHD.

MnaHytoTbCA PO6OTU 3 AOCAIAKEHHA HANPYKEHO-Ae-
$GOpPMOBAHOro CTaHy Moaenel BapiaHTiB OCTEOCUHTE3y
BE/IMKOTOMIZIKOBOI KiCTKM 3 6araToynamKoBMM nepeno-
MOM MiZ, BN/IMBOM HaBaHTaXKeHb Ha 3TMH Y GPOHTaNbHIM
Ta carita/ibHii NAOLMHAX.
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AHANI3 pO3NnoAlNy HANPYXKEHDb Nig BNIMBOM HABAHTAXKEHHA HA KPYYEHHA B MOZAE/NI TOMIZIKU 3
BATATOYIAMKOBWM NEPEIOMOM NMPOKCUMA/IbHOIO KIHLA BEJIMKOrOMIZIKOBOI KICTKU NPU PI3HUX BA-
PIAHTU OCTEOCUHTE3Y

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

Pestome. Mpobnema nikyBaHHA BHYTPIWHbOCYr1060BUX NepesiomiB BENMKUX CyrnobiB 36epirae cBOl aKTyasib-
HiCTb NO BigHOLWEHHI A0 aHATOMO-PYHKLIOHAIbHUX pe3y/bTaTiB. TPYAHOLL NONAraloTb B AOCATHEHHI CTabinbHOI
¢ikcaLii Bignamkis 3 ogHo4YacHMM 3abe3neyeHHAM paHHbOI GyHKLi. Mpyu BaraTo ynamKoBUX Nepesiomax 3 NoLKo-
OXEeHHAM cyrnoboBOoi NOBEPXHi, HEBEIMKMUIA PO3Mip PpparMmeHTIB He 3aBXK AWM A03BONSAE BUKOHATU CTabiNnbHUIN oCcTe-
OCUHTE3 CTaHAAPTHUMM 3aHYPIOHOYUMU KOHCTPYKLLIAMM.

Mema. Jocnigntn Hanpy»eHo-gedopMoBaHUit CTaH MOAENT FOMINKM 3 6araToy1aMKOBUM NepenomMoM NPOKCU-
MANbHOrO KiHUA BE/IMKOTOMINKOBOI KiCTKM MPWU Pi3HUX BapiaHTaX ii OCTEOCUHTE3Y HAKICTKOBMMM MAaCTUHAMM Mig,
BM/IMBOM HaBaHTAXKEHHA Ha KPyYeHHA.

06’ekm | memoou docnidnceHHsA. Po3pobneHa 6a30Ba CKiHYEHO-eNeMeHTHa MOAENb FTOMIJIKUM, AKa MiCTUNa Be-
JIMKOTOMIZIKOBY Ta Ma/IOFOMISTIKOBY KiCTKM. Ha MpOKCcMManbHOMY KiHLi BEIMKOrOMI/IKOBOI KiCTKM mogentoBanm bara-
TOYNaMKOBUI NMepesom LWAAXOM MOro pPo3AiieHHA B PiSHWUX NAOLWMHAX. BUBYaan 3 BapiaHTU OCTEOCUHTE3Y NPOKCU-
MaJsIbHOTO KiHU#A BE/IMKOrOMIZIKOBOI KiCTKM HaKiCTKOBMMM MAACTUHAMM: NNACTMHA 3 MegianbHoro 60Ky, NaacTuHa 3
natepanbHoro 60Ky Ta 2 naatuHu 3 obox 6okiB. Mogeni gocnigKysanu nig BNAMBOM HaBaHTaXKEHHA Ha KPYyYeHHS.

Pe3zynsmamu. Mopenb oCcTeoCuMHTe3y ABOMA NIACTUHAMU A03BOAE OTPUMATU HAMNPYXKEHHA B KICTKOBUX ene-
MEHTAxX MOZENI, PiBEHb AKMX HE3HAYHO NEPEBULLYIOTb MiHIMa/IbHi MOKA3HUKM B LMX TOYKAX A1A OAHOBIYHUX MO-
aenemn, ane Bif, MakCMManbHUX NOKa3HMKIB BiApPi3HAOTLCA B pa3n. CTOCOBHO moeneit 3 0o4HO6i4YHMM po3TallyBaH-
HAM NJACTUH, MegiasbHO HaK/MaAeHa NaacTUHa 3abe3neyye HUKYMI pPiBEHb HaNpy»KeHb B KICTKOBMX dparmeHTax
HaBKO/O rBMHTIB B MeTadizapHilt 30Hi, ane naacTMHa, HaKNaAeHa 3 aTepanbHOro 6oKy 3abesneyye HUKUYNIN piBEHD
HanNpy»XeHb Ha BCiX iHLWMX 30HAaX BE/IMKOTOMIJIKOBOI KiCTKU.

OcTeocuHTE3 ABOMA NAACTMHAaMKU O03BONAE 3ab6e3neynTi Binbll PIBHOMIPHUIA PO3MNOAIN HAaNPYXeHb MiXK efne-
MEHTaMM MeTaneBOi KOHCTPYKLI. MpyK ocTeocMHTE3i NAAaCTUHOW 3 MefianbHOro 60Ky KpyTaye HaBaHTaXKEHHsA BU-
K/IMKA€ MaKCMMa/ibHi 33 PiBHEM HaMpPy)KEeHHA Ha BCiX eN1eMeHTaX KOHCTPYKLii B MOPIBHAHHI 3 iHLWWMMW MOAENAMMU.
HaliHMXuni1 piBeHb HanpyXeHb BU3HAYAETLCA NPU OCTEOCUHTE3] NIACTUHO 3 NaTepanbHOro HOKy.

BucHoseku. Tlig, BNAMBOM HaBaHTAXKEHHA Ha KPYYEHHA NJacTMHA HaKknaZeHa 3 natepanbHoro 6oky 3abesneuye
MiHIMa/IbHUI PiBEHb HAMPYKeHb AK B KICTKOBUX e1leMeHTax Mo, TaK i B enemeHTax MeTaieBoi KOHCTPYKLi. Mak-
CUMabHI HanpyXXeHHA BM3HAYatoTbCA MPU OCTEOCUMHTE3I NAACTUHO 3 MefianbHoro 6oky. Mogenb ocTeocnHTe3y
[BOMA MNACTUHAMM A03BONIAE OTPUMATU HAMPYKEHHA B KiICTKOBMX €1eMeHTax MoAeni, piBeHb AKMX BO BCiX KOH-
TPOSIbHUX TOYKAX 3aMMAE MPOMIKHE NMOJIOKEHHA MiXK MAaKCMMaZIbHUM Ta MiHIMaZIbHUM 3HAYEeHHA HAMNPYKEHb B LMX
CaMMX TOYKAX Ha MOAENAX 3 OAHOBIYHUM PO3TaLlyBaHHAM NAACTUH.
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KniouoBsi cnoBa: BeIMKOrOMINKOBA KiCTKa, 6a|’aT0yﬂaMKOBMVI nepeaom, oCTeoCnHTE3, MaTeMaAaTU4YHE MOAE/IO-
BaHHA.

ANALYSIS OF STRESS DISTRIBUTION UNDER THE INFLUENCE OF TORSIONAL LOADING IN A MODEL OF A LOWER
LEG WITH A MULTI-FRAGMENT 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. The problem of treating intra-articular fractures of large joints remains relevant in relation to anatom-
ical and functional results. The difficulties lie in achieving stable fixation of fragments while ensuring early function.
In multi-fragment fractures with damage to the articular surface, the small size of the fragments does not always
allow for stable osteosynthesis with standard immersion structures.

The aim. To investigate the stress-strain state of a model of a lower leg with a multi-fracture fracture of the prox-
imal end of the tibia under different variants of its osteosynthesis with bone plates under the influence of torsional
loading.

Object and research methods. A basic finite element model of the lower leg was developed, which contained
the tibia and fibula. A multi-fracture fracture was modeled at the proximal end of the tibia by dividing it in different
planes. 3 variants of 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. The models were studied under the influence of
torsional loading.

Results. The model of osteosynthesis with two plates allows obtaining stresses in the bone elements of the
model, the level of which slightly exceeds the minimum indicators at these points for one-sided models, but differs
from the maximum indicators by several times. Regarding models with one-sided plate placement, the medially
applied plate provides a lower level of stress in the bone fragments around the screws in the metaphyseal zone, but
the plate applied from the lateral side provides a lower level of stress in all other zones of the tibia.

Osteosynthesis with two plates allows for a more uniform distribution of stress between the elements of the
metal structure. When osteosynthesis with a plate from the medial side, the torsional load causes the maximum
level of stress on all elements of the structure compared to other models. The lowest level of stress is determined
when osteosynthesis with a plate from the lateral side.

Conclusions. Under the influence of torsional load, the plate applied from the lateral side provides a minimum
level of stress in both the bone elements of the model and the elements of the metal structure. The maximum
stresses are determined when osteosynthesis with a plate from the medial side. 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 oc-
cupies an intermediate position between the maximum and minimum values of stresses at these same points on
models with a unilateral arrangement of plates.

Key words: tibia, multi-fracture fracture, osteosynthesis, mathematical modeling.
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