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The instability of endoprosthesis components of various genesis occurs most often among complications of hip
joint replacement. The presence of defects in the acetabulum is one of the factors that negatively affect the stability
of the implant-bone tissue system.

The purpose of the study was to determine the changes in the mechanical stresses arising in the acetabulum
during endoprosthesis, which occur in the presence of cavity defects, and the change in indicators when filling these
defects with biodegradable cement (of two types).

Mathematical modelling of the stress-deformation state of the "pelvis-endoprosthesis" system while filling the
acetabulum’s cavity defect with biodegradable cement was carried out. Cavity defects of the upper and back walls
of the acetabulum were modelled.

It has been proven that cavity defects of the upper and back walls of the acetabulum lead to increased mechani-
cal stress, both around the defect and in other areas of the acetabulum. Filling bone tissue defects with biodegrad-
able bone cement can reduce the acetabulum’s stress level.

When a cavity defect occurs, an increase in the amount of stress in the acetabulum can negatively affect the
stability of the acetabular component of the endoprosthesis. The presence of defects, without their plastic replace-
ment, provokes the appearance of overload zones and negatively affects the fixation of the acetabular component.
The use of biodegradable cement based on tricalcium phosphate allows to reduce the stress level in the acetabulum,
and the addition of hydroxylapatite to the cement composition brings the stress indicators closer to the level of the
model without a defect, which creates conditions for the formation of a full-fledged contact at the endoprosthesis/

bone tissue interface.
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Connection of the publication with planned re-
search works.

The research was carried out as part of the scientific
topic “Experimental study of bone tissue reactions and
biomechanical properties of the “implant-bone” sys-
tem in the case of using innovative 3d-printed materi-
als from polylactic acid and trabecular titanium”, state
registration number 0119U102449.

Introduction.

A positive manifestation of improving the quality
of human life is the lengthening of the average life ex-
pectancy of the population in developed countries [1].
People want to stay active for as long as possible. It is
directly related to the increase in surgical interventions,
especially endoprosthesis of large joints [2].

Among the complications of the endoprosthesis of
the hip joint, instability of the components of the en-
doprosthesis, of various genesis, is most often singled
out. According to the studies, instability is formed in the
acetabular component twice as often as in the leg [3,
4]. Revision endoprosthesis is indicated in 25% of cases,
according to the German Register of Endoprostheses,
precisely because of the instability of the endoprosthe-
sis cup [5]. Degenerative diseases such as coxarthrosis
contribute to the thinning of bone tissue, the formation
of areas of sclerosis, and cysts of the acetabulum. One
of the factors that negatively affect the stability of the
implant-bone tissue system is the presence of defects

in the acetabulum. The study aims to substantiate, from
a biomechanical point of view, the need for replacing
defects in the acetabulum. Within the framework of the
dissertation research, cement based on tricalcium phos-
phate (TCP) and cement based on TCP reinforced with
hydroxylapatite (HA) needles were used to model the
filling of cavity defects of the acetabulum. Biodegrada-
tion of the above materials was proven by experimen-
tal methods [6, 7]. Defects of the upper and back walls
of the acetabulum were modelled [8, 9] because these
zones are the most loaded, which is why they have
greater clinical significance.

The aim of the study.

To determine the changes in the mechanical stresses
arising in the acetabulum during endoprosthesis, which
occur in the presence of cavity defects, and the change
in indicators when filling these defects with biodegrad-
able cements (of two types).

Object and research methods.

In the laboratory of the biomechanics of the Sytenko
Institute of Spine and Joint Pathology National Academy
of Medical Sciences of Ukraine, mathematical model-
ling of the stress-deformation state of the “pelvis-endo-
prosthesis” system was carried out when filling a cavity
defect of the acetabulum with biodegradable types of
cement. A basic pelvis model with an endoprosthesis of
the left hip joint was used to solve the task [10]. The ap-
pearance of the basic model is shown in fig. 1.
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The base model includes a pelvis,
sacral spine, femurs and left hip arthro-
plasty. On the basic model, a cavity de-
fect of the acetabulum of oval shape
was simulated with parameters: large
diameter — 30 mm, small diameter —
20 mm, depth — 2/3 of the thickness
of the medial wall of the acetabulum.
Two variants of the location of the cav-
ity defect were modelled — the upper
and back walls of the acetabulum. The
appearance of the acetabulum with
variants of the area of cavity defects is

shown in fig. 2.

During the study, the stress-strain a

b

state of four models without an acetab-
ulum defect, with cavity defects without

Figure 1 — Basic model of pelvis with hip joint endoprosthesis: a — general view;

b —acetabulum.

a

Figure 2 — Model of the pelvis with a cavity defect of the acetabulum:

a — defect of the upper wall; b — defect of the back wall.

filling with artificial materials, and with cavity defects of
the acetabulum filled with biodegradable types of ce-
ment based on tricalcium phosphate (TCF) and tricalci-
um phosphate with the addition of hydroxylapatite (HA)
were studied.

In our study, the material was assumed to be homo-
geneous and isotropic. A 10-node tetrahedron with a
quadratic approximation was chosen as a finite element.
All the materials that made up the models were given
appropriate mechanical properties, such as Young’s
modulus and Poisson’s ratio. The mechanical proper-
ties of biological tissues were chosen according to the
literature [11, 12, 13, 14]. The properties of metal struc-
tures were selected following the technical literature
[15]. The mechanical properties of biodegradable bone
types of cement were obtained as a result of experimen-
tal studies [7]. Data on the mechanical characteristics of
the materials used in the simulation are given in table 1.

During the study, one-support standing on the left
limb was modelled. For this, the models were loaded
with a vertical distributed force of 540 N [16], corre-
sponding to the average weight of a person without
considering the weight of the supporting limb. Between
the greater trochanter of the left femur and the wing
of the ilium, the action of the adductors of the hip was
simulated by introducing the appropriate forces. The
action of gluteus medius (medial gluteal muscle) with
a force of 1150 N and gluteus minimus (small gluteal
muscle) with a force of 50 N was simulated [17, 18]. In
the area of the knee joint at the level of the condyles of
the left femur, all models had a rigid fixation. The load-
ing scheme of the models is shown in fig. 3.

In order to compare the changes
in the stress-strain state of different
versions of the models, the amount of
mechanical stress at specific control
points was studied. The diagram of the
location of the control points, where the
control of the stress value was carried
out, is shown in fig. 4 and table 2.

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

Modelling was performed using the
SolidWorks automated design system.

Table 1 — Mechanical characteristics
of the materials in the simulation

Material U el 12 Poisson's ratio, v
MPa

Cortical bone 18350 0,29
Spongy bone 330 0,30
Cartilaginous tissue 10,5 0,49
Cement from TCP 25,0 0,30
Cement from

TCP+HA 60,0 0,30
Titan VT-16 1,1-105 0,20

Figure 3 — Model loading scheme: a — view in the frontal plane;

b — view in the sagittal plane.
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Thus, stresses in the area of the upper
wall of the acetabulum increase to 24.3
MPa, in the back —to 20.5 MPa, at the
bottom of the acetabulum —to 3.7 MPa,
and around the defect —to 2.7 MPa.

Data on stress values at the control
points of the model without a defect
and in the model with a cavity defect
of the upper wall of the acetabulum are
shown in table 2.

The diagram is shown in fig. 7 pro-
vides a visual representation of the

a b

ratio of stress values in models without
a defect and with a cavity defect of the

Figure 4 — Scheme of the location of control points: a — for a model with a defect in
the upper wall of the acetabulum; b — for a model with a defect of the back wall of
the acetabulum. Control points: 1 — upper wall of the acetabulum; 2 — back wall of the
acetabulum; 3 — medial wall of the acetabulum; 4 — defect zone.

Calculations of the stress-strain state of the models
were performed using the CosmosM software complex
[19].

Research results and their discussion.

The first stage of work investigated the stress-de-
formed state of a pelvis model with a hip joint endo-
prosthesis without acetabulum defect. The stress distri-
bution in the model can be observed in fig. 5.

The conducted modelling showed that its upper wall
is the most loaded during total hip arthroplasty without
acetabulum defects, where the stress reaches 23.7 MPa.
Slightly lower stress indicators of 19.7 MPa occur in the
back wall of the acetabulum. The stress level is insignifi-
cant at the bottom of the acetabulum and the zones of
the predicted location of cavity defects. It does not ex-

upper wall of the acetabulum.
As shown in the diagram, a cavity
defect in the upper wall of the acetabu-

Table 2 — Stress values at the control points of the
model without a defect and in the model with a
cavity defect of the upper wall of the acetabulum

) Stress, MPa
Control points without defect with defect
1 23,7 24,3
2 19,7 20,5
3 3,4 3,7
4 1,5 2,7

lum leads to increased stress levels around the defect
and in other areas of the acetabulum.

Let’s consider how the stress-strain state of the
model changes after filling the cavity defect of the upper
wall of the acetabulum.

\

a b

Figure 5 — Pattern of stress distribution in a pelvis model with a hip joint endoprosthesis
without bone defects: a — general view; b — acetabulum.

ceed the marks of 3.4 MPa and 1.5 MPa,
respectively.

The next stage of the work was to
study the stress-strain state of models
with a cavity defect of the upper wall of
the acetabulum. The pattern of stress
distribution in the model with a cavity
defect of the upper wall of the acetabu-
lum without filling it with artificial mate-
rials is shown in fig. 6.

As a result of the research, it was de-

In fig. 8 shows the distribution of

igo stresses in a model with a defect in the
upper wall of the acetabulum filled with
18 biodegradable cement based on TCP.
16 After filling the cavity defect of the
14 | upper wall of the acetabulum with TCP-
12 | based cement, the stress level at the
10 | control points of the models decreased
8 somewhat compared to the model with-
6 | out filling the defect. The stresses aris-
4 ing in the upper wall of the acetabulum
2 | were determined at the level of 24.0
0 MPa, at the back —20.3 MPa, at the bot-
tom of the acetabulum — 3.6 MPa, and

in the defect zone — 2.4 MPa. As we can
see, filling the cavity defect of the upper

200

termined that the presence of a cavity a

b

defect in the upper wall of the acetabu-
lum leads to an increase in the stress
level in all control points of the model.

Figure 6 — Pattern of stress distribution in the model of the pelvis with endoprosthesis
of the hip joint with a cavity defect of the upper wall of the acetabulum: a — general view;

b —acetabulum.
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wall of the acetabulum with biodegrad- 30
ing bone cement based on TCP leads to
a slight decrease in the stress level in all %

areas of the acetabulum.

The stress-strain state of the model
with a defect in the upper wall of the
acetabulum filled with cement based on

20

Stress,

MPa 15

TCP with the addition of HA is shown in 10

fig. 9.

Cement based on TCP with the addi- 5

tion of HA when filling a cavity defect in
g a cavity ; HE ..m

upper wall

the upper wall of the acetabulum allows
reducing the stress level in it almost to
the level of the model without a defect,
namely, on the upper wall — up to 23.8

back wall medial wall * defect zone

Contral points

W without defect™ without filling

MPa, on the back wall —up to 20.1 MPa,
at the bottom of the acetabulum — up

Figure 7 — Diagram of stress values at the control points of the model without a defect
and in the model with a cavity defect of the upper wall of the acetabulum.

to 3.5 MPa, in the defect zone — up to
2.1 MPa. Thus, filling the cavity defect
of the upper wall of the acetabulum
with biodegrading bone cement based
on TCP with the addition of HA leads to
a decrease in the level of stresses in all
areas of the acetabulum, more similar
to the level of stresses in the absence of
defects of the acetabulum.

The conducted study showed that
the use of biodegradable cement based
on TCP with the addition of HA to fill

the cavity defect of the upper wall of a

b

the acetabulum during endoprosthet-
ics allows for obtaining a better result
from the point of view of reducing the

Figure 8 — Pattern of stress distribution in a pelvis model with a hip joint endoprosthesis
with a cavity defect of the upper wall of the acetabulum filled with bone cement based

on TCP: a — general view; b — acetabulum.

a b

of cement based on TCP with the addi-
tion of HA allows for bringing the level
of stress in the model as close as pos-
sible to the parameters of the model
without the defect.

The final stage of the work was to
study the stress-strain state of models
with a cavity defect of the back wall of
the acetabulum. The stress distribution
pattern in the model without filling the
defect is shown in fig. 11.

During endoprosthesis of the hip
joint with an unfilled cavity defect of the

Figure 9 — Pattern of stress distribution in a pelvis model with a hip joint endoprosthesis
with a cavity defect of the upper wall of the acetabulum filled with bone cement based

on TCP+HA: a — general view; b — acetabulum.

amount of stress in the acetabulum than the use of ce-
ment without HA.

Data on stress values at control points of all variants
of models with a cavity defect of the upper wall of the
acetabulum are given in table 3.

The diagram shown in fig. 10 allows us to visually
compare the level of stresses in different versions of the
pelvis models with hip joint endoprosthesis with a cavity
defect of the upper wall of the acetabulum.

The diagram shows that a cavity defect in the upper
wall of the acetabulum leads to an increase in the stress
level in all the investigated zones. The use of bone types
of cement to fill the defect allows for reducing the level
of stress in all control points of the cavity, while the use

acetabulum, the stresses in its upper
wall are determined at the level of 24.0
MPa, which is higher than in the model
without the defect. Also, an increased
stress level is observed in other areas of the acetabu-
lum, and it is 21.3 MPa on its back wall, 3.8 MPa at the
bottom of the acetabulum, and 3.0 MPa in the defect
zone.

Table 3 — Stress values at the control points of the

pelvis model with a hip joint endoprosthesis with a
cavity defect of the upper wall of the acetabulum

Control Stress, MPa
points |without defect| with defect | filled TCP (filled TCP+HA
1 23,7 24,3 24,0 23,8
2 19,7 20,5 20,3 20,1
3 3,4 3,7 3,6 3,5
4 1,5 2,7 2,4 2,1
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upper walt back wall medial wall

Control points

Bwithout defects without fillig uTCP = TCP-HA

20
Stress,
MPa 35

10

As a result of filling the cavity de-
fect of the back wall of the acetabulum
with biodegradable bone cement based
on TCP, the stress level at the control
points of the model decreases and is de-
termined at the following marks: upper
wall —23.8 MPa, back wall —20.4 MPa,
at the bottom of the acetabulum -3 .6
MPa, the defect zone — 2.3 MPa. As we
can see, filling the cavity defect of the
upper wall of the acetabulum with bio-
degrading bone cement based on TCP
leads to a slight decrease in the stress
level in all areas of the acetabulum.

defect zone

Figure 10 — Diagram of stress values at the control points of the model of the pelvis with
endoprosthesis of the hip joint with a cavity defect of the upper wall of the acetabulum.

Fig. 14 shows the stress-deformed
state of a pelvis model with a hip joint

Data on stress values at the control
points of the model without a defect
and in the model with a cavity defect
of the back wall of the acetabulum are
shown in table 4.

The diagram shown in fig. 12 visu-
ally represents the ratio of stress values
in models without a defect and with a
cavity defect of the back wall of the ac-
etabulum.

As shown in the diagram, the pres-
ence of a cavity defect in the back wall

200

18
16

12
10

of the acetabulum leads to an increase a

o M B oo

b

in stress levels both around the defect
and in other areas of the acetabulum.

Figure 11 — Pattern of stress distribution in a pelvis model with a hip joint endoprosthesis

with a cavity defect of the back wall of the acetabulum: a — general view; b — acetabulum.

Let’s consider how it affects the
stress level in the model of filling a cav-
ity defect in the back wall of the acetabulum with biode-
gradable bone cement based on TCP. The stress distribu-
tion in the model can be observed in fig. 13.

Table 4 — Stress values at the control points of the
model without a defect and in the model with a
cavity defect of the back wall of the acetabulum

endoprosthesis in the presence of a cavity defect of the
back wall of the acetabulum filled with bone cement
based on TCP+HA.

As with the modelling of the defect of the upper wall
of the acetabulum, the use of cement based on TCP with
the addition of HA to fill the cavity defect of the back
wall also allows for reducing the level of stresses in the
acetabulum almost to the values of the model without
the defect. So, in the upper wall area, the stress is deter-
mined at the level of 23.7 MPa, in the back wall —20.4
MPa, at the bottom of the acetabulum — 3.5 MPa, and
in the defect zone — 2.3 MPa. Thus, it can be asserted
that filling the cavity defect of the back wall of the ac-

Control Stress, MPa
points without defect without filling
1 23,7 24,0
2 19,7 21,3
3 3,4 3,8
4 1,8 3,0
30
25
0
15
Stress,
IMPa
10
5
: HE am
upper wall back wall medial wall defect zone
Control points
mwithout defect® without filling

etabulum with biodegrading bone ce-
ment based on TCP with the addition of
HA leads to a decrease in the stress level
in all areas of the acetabulum.

The use of biodegradable cement
based on TCP with the addition of HA to
fill the cavity defect of the back wall of
the acetabulum during endoprosthetics
allows obtaining a slightly better result,
from the point of view of reducing the
amount of stress in the acetabulum,
than using cement without HA.

Table 5 shows the data on stress val-
ues at the control points of the pelvis
model with a hip joint endoprosthesis

Figure 12 — Diagram of stress values at the control points of the model without a defect
and in the model with a cavity defect of the back wall of the acetabulum.

with a cavity defect of the back wall of
the acetabulum.
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The diagram is shown in fig. 15 al-
lows you to visually compare the values
of stresses at the control points of the
pelvis model with a hip joint endopros-
thesis with a cavity defect of the back
wall of the acetabulum.

Redistribution of stresses in the
model with a cavity defect of the back
wall of the acetabulum, when it is filled
with biodegradable types of cement,
correlates with the indicators of the

200
20
18
16
14
12
10

model with a defect in the upper wall. a

L= (SR N - 1)

b

According to the results of the con-
ducted modelling, in the presence of
defects of the acetabulum in the model,

Figure 13 — Pattern of stress distribution in a pelvis model with a hip joint endoprosthesis
with a cavity defect of the back wall of the acetabulum filled with bone cement based on

TCF: a — general view; b — acetabulum.

| mm 200 points is noted compared to the acetab-
20 ulum without defects.

18 Biodegradable bone types of ce-
16 ment, under the conditions of filling
14  defects of bone tissue, although accord-
12 ing to their characteristics, have lower
values of Young’s modulus compared to

10

8 cancellous bone, which allows for reduc-
ing the level of stress in the acetabulum.

6 Cement based on TCP with the addition

4

of HA maximally corresponds to the in-
2 dicators recorded during the study on a

a b

Figure 14 — Pattern of stress distribution in a pelvis model with a hip joint endoprosthesis

0 model without a defect, which the ap-
proximation to the mechanical proper-

with a cavity defect of the back wall of the acetabulum filled with bone cement based on ties of spongy bone tissue can explain.

TCP+HA: a — general view; b — acetabulum.
Table 5 — Stress values at the control points of the

pelvis model with a hip joint endoprosthesis with a
cavity defect of the back wall of the acetabulum

Control Stress, MPa
points | without defect | without filling | TCP TCP+HA
1 23,7 24,0 23,8 23,7
2 19,7 21,3 20,7 20,4
3 3.4 3,8 3,6 3,5
4 1,8 3,0 2,8 2,3

there are no pronounced changes in the stress-strain
state. However, in the presence of defects in the ace-
tabulum, an increase in stress indicators at the control

Conclusions.

According to the results of mathe-
matical modelling, the presence of cavity defects of the
acetabulum during total arthroplasty leads to increased
stress in its upper and back walls. An increase in the
magnitude of the load occurring in the acetabulum can
directly affect the stability of the acetabular component
of the endoprosthesis. The presence of defects, without
their plastic replacement, provokes the appearance of
overload zones and negatively affects the fixation of the
acetabular component.

The use of biodegradable types of cement based on
TCP allows to reduce the level of stress in control points,
and cement based on TCP with the addi-

wn

20 H
15 £
Stress,
MPa
10 i
(e
upper wall

back wall medial wall
Control points
wwihtout defacts without filling = TCP » TCP-HA

tion of HA brings the stress indicators in
the acetabulum closer to the level of the
model without a defect, creating condi-
tions for the formation of full-fledged
contact at the endoprosthesis/bone tis-
sue interface.

Prospects for further research.

Since the properties of biodegrad-
ing types of cement are poorly studied,
it seems appropriate to study their me-
chanical properties, the rate of biodeg-
radation and the possibility of its regu-
lation, osteoinductive properties, the

defect zone

Figure 15 — Diagram of stress values at the control points of the pelvis model with a hip
joint endoprosthesis with a cavity defect of the back wall of the acetabulum.

speed of the bone formation process in
the defect zone, etc.
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HecmabinbHicms KomnoHeHmis eHOonpomesy pPi3HOMAHIMHO20 2eHe3y 3ycmpiyaemscsa Halvyacmiwe ceped
YCK/aOHeHb eHOOornpome3ys8aHHA Kynbwo8020 cyenoba. HassHicme deghekmis Kynvbwosoi 3anaduHu € 0OHUM 3
haKkmopis, W0 He2aamueHo 8MaAUBAMb HA cMAabinbHiCMb 8 cucmMeMi iIMMAGHMAM-KiICMKO8a MKAHUHA.

Memoto 0ocnidieHHA 6yn10 8U3HAYUMU 3MIHU MEXAHIYHUX HAMPYyH(eHb BUHUKAYUX 8 KyAbwosili 3anaduHi npu
eHOonpome3ysaHHi, AKi 8i0bysaromeca 8 ymosax HaABHOCMI MOPOHUHHUX Oeghekmis, ma 3MiHy MOKA3HUKiI8 npu
3aMoB8HeHHi yux oegpekmis biodezpadyroyumu yuemeHmamu (08ox murie) .

lposedeHo mamemamu4He MOOes8AHHSA HAMPYHeHo-0edhopMoB8aHO20 CMAaHy cucmemu "mas-eHoonpomes"”
MpU 3ar0B8HEHHI MOPOHHUHHO20 OeheKkmy Kynbwosoi 3anaduHu biodezspadyrovyumu yemeHmamu. Modesnosanu
MOPOHHUHHI Oehekmu 8epxHbOi Ma 3a0HbLOI CMIHOK KynbW o801 3armaduHu.

JlosedeHo, W0 NMOPOXHUHHI OegheKmu 8epxHbOi ma 3a0HbLOI CMIHOK KyabWo6oi 3anaduHu npu3soosme 00
ni0BUWEHHA MeXaHIYHUX HanpyxeHb, AK HABKO/0 Oedekmy, mak i 8 iHWux OiNAHKAX KynoWwoeoi 3armaduHu.
3anosHeHHs OegheKkmis KiCmKosoi MKAHUHU b6iode2padyodumu KiCmKosuMU yemeHmu 00380/810Mb 3HU3UMU
piseHb HanpyxeHb 8 KyaAbWosili 3anaduHi.

36inbWeHHA 8eAUYUHU HAMPYXeHb 8 KynbWwosill 3anaduHi npu 8UHUKHEHHI MOPOXHUHHO20 0eghekmy Moxce
He2amugHo 8rnausamu Ha cmabinbHicms ayemabynapHo20 KOMMoOHeEHmMY eHOornpomesa. HassHicme degekmis,
6e3 naacmuyHoeo ix 3aMiujeHHs, MPOBOKYE 0S8y 30H NMePesaHMAXEeHH Ma He2aamueHO B8MaAUBA€E HA (iKcauio
auemabynapHo20 KoOMroHeHmMa. BukopucmaHHA 6iodezpadyrodyux yemeHmis Ha OCHOsi mpukasnsyiligochamy
00380/15€ 3HU3UMU piBeHb HaNPyHeHb 8 Kys1bwiosili 3anaduHi, a 000a8aHHSA 00 CKAady yemeHmy 2idpokcuaanamumy
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38’A30K nyb6aikauii 3 n1aHOBMMM HAyKOBO-A0CNIA-
HUMU poboTamu.

JocnigreHHsa 6ynnM BUKOHaHI B pamkax HOP «Ekc-
nepuMmMeHTaNbHe BMBYEHHA pPeaKLill KiCTKOBOI TKaHW-
HW Ta bGiomexaHiYHMX BNACTMBOCTEM cUCTEMM «imn-
JIAHTAT — KiCTKa» y pasi BMKOPWUCTaHHA iHHOBALiMHUX
3d-gpyKkoBaHMX MaTepianiB 3 MNONIMONIOYHOI KUCNO-
TM Ta TpabekynspHoro TuTaHy», N aeprKpeectpaduji
0119U102449.

Bcryn.

MO3NTUBHMUM MPOABOM MiABULLEHHA AKOCTI KUTTA
JOAVHMN, € MOAOBXKEHHA cepeHbOi TPUBANOCTI BiKy Ha-
Ce/IeHHs B PO3BUHYTUX KpaiHax [1]. /lioam nparHyTh 36e-
perTv aKTMBHICTb BMOAOBX fKOMOra binblu TpMsanoro
yacy. Hanpamy i3 uMm nos’s3aHo NiABULLEHHA KilbKOCTI
onepaTtMBHUX BTPyYaHb, 0COBIMBO NpOBeAEeHHA eHao-
nNpoTe3yBaHHA KPYyNHUX cyrnobis [2].

Cepep yCKagHeHb eHA0NPOoTe3YBaHHA Ky/IbLLOBOrO
cyrnoba yacrTile 3a Bce BUAiNAOTb HecTabinbHICTb KOM-
NOHEHTIB eHAoMNpOoTe3y, Pi3HOMaHITHOro reHesy. 3a aa-
HUMUW NPOBEAEHUX AOCNIAKEHb, HECTabiNbHICTb B aLe-
TabynAapHOMY KOMMNOHEHTI GOpPMYETbCA BABIYI YacTille,
NopiBHAHO i3 HixKKotO [3, 4]. PeBisiliHe eHAONpPOTE3YBaAH-
HA NoKasaHo B 25% Bunaakis, 3rigHo HimeubKoro pee-
CTPY eHaonpoTesiB, came yepes HecTabinbHICTb YallKM
eHgonpotesy [5]. Taki gereHepaTUBHI 3aXBOPIOBAHHSA AK
KOKCapTPO3, CNPUAIOTb PO3PiAMKEHHIO KiCTKOBOI TKaHM-
HW, GOpMyBaHHIO 30H CKNEpOo3y, KiCT KynbLIOBOI 3ana-
AnHN. OaHUM 3 GaKTOPiB WO HEraTUBHO BN/IMBAOTb Ha
cTabinbHiCTb B CMCTEMi iIMNNAHTAT-KICTKOBa TKaHWHa, €

HaABHICTb AedeKTiB Ky/NblWOBOI 3anaauMHu. MeTolo go-
CNigyKeHHA € obrpyHTYyBaHHA, 3 HiomexaHiYHOI TOYKM
30py, notpebu B 3amiweHi AedeKTiB Ky/blIOBOi 3a-
naguHu. B pamKax gucepTauiiHOro AOCAiAXKEHHA Npu
MOZENIOBaHHI 3aMOBHEHHA MOPOXHUHHUX AedeKTiB
KY/NbLIOBOI 3anaZMHN BMKOPUCTOBYBA/IMCA LLEMEHT Ha
0oCHOBI TpuKanbuindocdaTy (TKP), Ta LLEeMeEHT Ha OCHOBI
TK® nocuneHuii ronkamu rigpokcunanatuty (FA). bio-
Aerpagauia BuLLeBKasaHMX maTepianis byna goseneHa
eKCcnepuMeHTasbHUMK meTogamu [6, 7]. MogentoBanum
nedeKTn BepxHbOi Ta 3a4HbOI CTIHOK KynblIOBOI 3ana-
AnHn [8, 9], 60 Ui 30HN € Halbinbll HaBaHTaXKeHUMMU,
yepes Wo MatoTb bifiblie KNiHiYHEe 3HAYEHHS.

MerTa gocnigxeHHs.

BU3HAUYNTM 3MiHM MeXaHIYHUX HanpyeHb BUHUKa-
I04MX B Ky/bLUOBIN 3anafuHi Npu eHZonpoTe3yBaHHI,
AKi BigbyBatOTbCA B YMOBAX HAABHOCTI MOPOMKHUHHUX
nedeKTiB , Ta 3MiHY NOKA3HMKIB NPU 3aMOBHEHHI LMX
nedekrTis biogerpagytounmmmn uemeHTamm( A4Box TUNIB).

O6’eKT i meTOaU AOCNiAXKEHHA.

B nabopatopii biomexaHiku OY «IHCTUTYT naTono-
rii xpebTta Ta cyrmobis im. npod. M.l.CuteHka HAMH
YKpaiHun» 6yno nposeseHO matemMaTUyHe MOAEN0BaH-
HA HanpyXeHo-4edpopPMOBAHOTO CTaHy CUCTEMMU «Tas-
eHAonpoTes» Npu 3anoBHEHHI MOPOXKHUHHOIO AedeKTy
Ky/NblWOBOI 3anaguHu biogerpagyoumMmmn LemeHTaMmu.
[Ona BUpilleHHA NOCTaBNeHOro 3aBAaHHA byna BUKO-
puctaHa 6a3oBa moaesib Tasa 3 eHAOoNPOTe30M NiBOrO
Kynblosoro cyrnoba [10]. 3o0BHiwHiK Burnag 6asosoi
mopaeni HaBegeHo Ha puc. 1.
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basoBa mogenb MicTUTb Tas, Kpu-
YKOBWUIN BigAain xpebTa, CTErHOBI KiCTKM
Ta eHAonpoTe3s NiBOro Ky/lblIOBOrO Cy-
rnoba. Ha 6a308ili mogeni mogentosanm
NOPOXHUHHUI AedeKT Ky/bLIOoBOI 3ana-
OMHKU 0BanbHOI GOpMM 3 NapameTpamu:
Be/MKUI giameTp — 30 mm, manuii — 20
MM, MUbuHa — 2/3 TOBLLMHU Meaianb-
HOI CTiHKM Ky/blIOBOi 3anaguHu. Mo-
[enoBanuv ABa BapiaHTa po3TallyBaHHA
NOPOXKHUHHOTO AedeKTy — BEPXHbOI Ta
334HbOI CTIHOK KynblUOBOI 3amaguHMU.
30BHIWHIM BUMAA KyAblWOBOI 3anagu-
HU 3 BapiaHTamM po3TallyBaHHA NOPOXK-

HUHHUX AedeKTiB HaBeAEHO Ha puc. 2. a

0

Mpu npoBeAeHHI AOCNIOMKEHHA BU-
BYaN

HanpyeHo-aebopMoBaHNA

PucyHok 1 — Ba3oBa mogenb Ta3a 3 eHAONPOTE30M Ky/IbLLOBOTO cyrnoba:

a —3aranbHui BUINAA,; 6- KynblioBa 3anaguHa.

a

PucyHoK 2 — Mopgenb Ta3a 3 NOPOXKHUHHUM AedeKTOM KyNblUOBOi 3anaguHu:
a — aedeKT BepXHbOI CTiHKK; 6 — AedeKT 3a4HbOT CTIHKK.

CTaH YOTUPLOX Moaenein 6e3 aedeKTy KynbLIOBOI 3ana-
OMHW, 3 MOPOXKHUHHUMKU fedeKkTamu 6e3 3aN0BHEHHSA
WTYYHMMM MaTepiasiaMn Ta 3 3aNOBHEHHAM MOPOXKHUH-
HUX AedeKTiB Ky/lblIOBOI 3anaanHu biogerpaayoHmmm
LeMeHTaMM Ha OCHOBI TpuKanbLindpocdaty (TKD) i Tpu-
KanbLindochaty 3 AoaaBaHHAM rigpokcunanatuty (MA).

Y Hawomy [ocCnigXKeHHi maTepian BBaXKaBCA OAHO-
pigHMM Ta i30TPOMHUM. B AKOCTI CKIHYEHOrO enemMeHTy,
byB 0bpaHuii 10-By3/10BUIA TETpaeap 3 KBagpaTUYHO
anpoKcMmallieto. Yci maTtepianu, 3 AKMX CKnaganuca
MoZAeni, ogeprKanu BignoBiAHI MexaHiuHi BN1ACcTUBOCTI,
Taki AK moaynb npy»KHocTi FOHra Ta KoedoiuieHT Myac-
COHa. MexaHiyHi BnacTMBOCTi 6ioNOriYHUX TKAHWH Byno
obpaHo 3rigHo 3 nitepatypoto [11, 12, 13, 14]. BnacTtu-
BOCTi METa/IOKOHCTPYKLil 6yno obpaHo BignosigHoO A0
TexHi4YHoi niTepatypu [15]. MexaHiyHi BnactmsocTi 6io-
Oerpafytoumnx KicTKOBUX LEMEHTIB Byav OTpuMMaHi B pe-
3yNbTaTi NPOBEAEHHA eKCNEePUMEHTAIbHUX JOCAIAKEHD
[7]. AaHi npo mexaHiuHi xapaKTepUCTUKN MaTepianis,
O BMKOPUCTOBYIOTbCA B MOZE/NOBAHHI HaBegeHi B
Tabn. 1.

B npoueci gocnigKeHHA mopentoBann oaHOOMop-
He CTOAHHA Ha NiBiM KiHuiBUi. AnA uboro mogeni Ha-
BaHTa)XyBa/In BEPTMKA/NIbHOIO PO3MOAINEHOD CUI0K
BesnumHoto 540 H [16], wo BianoBigae cepeaHinn Basi
N0ANHU 6e3 ypaxyBaHHA Barm OnopHOI KiHLiBKK. Mix
BEJINKMM BEPT/IFOrOM NiBOI CTEFHOBOI KiCTKM Ta Kpuaom
34YXBMHHOI KiCTKM iMiTyBanun Ait0 agayKTopiB CTerHa,
LIIAXOM BBEAEHHSA BignoBigHuUX cua. MogentoBanu aito
gluteusmedius (cepegHili cigHUYHNUIA M'A3) cunoto 1150
H Ta gluteusminimus (Manuit cigHUYHUI M'A3) cunotko
50 H [17, 18]. B obnacTi KoniHHOro cyrnoby Ha piBHi BU-

POCTKIB NiBOi CTErHOBOI KiCTKM BCi Moge-
Ni Manu KopcTke 3akpinneHHA. Cxema
HaBaHTaXKeHHA MoJefel HaBefeHa Ha
puc. 3.

[OnA nNopiBHAHHA 3MiH Hanpy»KeHo-
0edopMOBaHOro CTaHy PisHMX BapiaHTiB
mogzenein, 6yno BUBYEHO BESIMUMHY Me-
XaHIYHUX HanpyxeHb B NEBHUX KOHTpP-
ONbHUX TOYKax. Cxemy po3TallyBaHHA
KOHTPO/IbHUX TOYOK, B AKMX MPOBOAUAN
KOHTPO/Ib BEIMYMHU HaMNpyKeHb, HaBe-
OeHOo Ha puc. 4 Ta B Tabn. 2.

JocnigkeHHAa  HanpyxeHo-aedop-
MOBQHOr0O CTaHy MoAenen BMKOHyBaIu

Tabnunua 1 — MexaHiuHi XapaKTepucTukm
marepianis, fiKi y mogentoBaHHi

. Mogpaynb HOHra (E), KoedoiuieHT

bR A MTlla () I'Iyag)ctL)"Ha,v
KopTukanbHa KicTKa 18350 0,29
lybuacTa KicTKa 330 0,30
XpALwLoBa TKaHMHa 10,5 0,49
LemeHT 3 TKO 25,0 0,30
LemeHT 3 TKO+TA 60,0 0,30
TuTtaH BT-16 1,1-105 0,20

PuUcyHOK 3 — Cxema HaBaHTaXKeHHA mogeneid: a — Buay
¢GpOHTaNbHIN NAOWMHI; 6 — BUA Yy cariTanbHili NAOWMHI.
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3HAYHUI i He NepeBuLLYE NO3HAYOK 3,4
MnMa Ta 1,5 MMMa, BignosigHo.

HactynHum eTanom poboTu BuMBYa-
M HanpyKeHo-gedopMoBaHUit  CTaH
mogenen 3 MopoKHUHHUM AedeKkTom
BEPXHbOi CTIHKM Ky/bLWOBOI 3aMaguHM.
KapTuHy po3noginy Hanpy»eHb B MO-
Aeni 3 NOPOKHUHHUM AedeKTOM Bepx-
HbOT CTIHKM Ky/bLLOBOI 3anaanHu 6es ii
3aMOBHEHHA WTYYHUMWU MaTepianamm
HaBeAeHOo Ha pumc. 6.

B pesynbrati nposepeHoro Aochni-

a ]

OXKEHHA BM3HAYEeHO, WO HaABHICTb No-

PucyHOK 4 — Cxema po3TalllyBaHHA KOHTPONIbHMX TOYOK: a — ANA Mogeni 3 AedpekTom
BEPXHbOI CTIHKU Ky/IbLLIOBOI 3anaAanHu; 6 — ana mogaeni 3 aepeKTom 3aAHbOIT CTIHKK
KYNbLLOBOi 3anaguHU. KOHTPOAbHI TOUKKU: 1 — BepXHA CTiHKA Ky/NbLUOBOI 3anaguHu; 2 —
33/4HA CTIHKA KY/NbLLIOBOI 3aNaAnHK; 3 — MeAianbHa CTIHKA KyNbLIOBOI 3anaguHK; 4 — 30Ha

pedekTy.
3a JOMOMOrO MeToAY CKiHYUEHWX enemeHTiB. B aKkocTi
KPUTEPItO OLHKM Hanpy»KeHOoro CTaHy mMaTeMaTU4HMUX
MmoZieneil BUKOPUCTOBYBANN HaMpyKeHHA 33 Misecom
[14].

MogentoBaHHA BMKOHYBa/M 3a AOMNOMOFO CUCTe-
MW aBTOMATM30BaHOro npoeKktyBaHHA SolidWorks. Pos-
paxyHKM Hanpy»eHo-gebopMoBaHOro ctaHy mogenen
BMKOHYBa/X 3a AOMOMOrOK NPOFrPamMHOro KOMMAEeKcy
CosmosM [19].

Pe3ynbTatu gocnigeHHs Ta ix 06roBopeHHs.

Mepwum eTanom poboTn [OCNiIANKYBAAN HaNpyKe-
HO-AepopMOBaHMI CTaH MoAeni Tasy 3 eHA0NPoTe30M
KynblioBoro cyrnoba 6e3 agedekTy Kynblosoi 3ana-

POXHUHHOTO AedeKTy BEPXHbOI CTIHKK
Ky/IbLUOBOI 3anaAuvHN NpPU3BOAUTL [0
NiABMLLEHHA PIiBHA HaMpy)eHb B YCiX
KOHTPONIbHMX TOYKax mogeni. Tak, Ha-
NPY)XEHHA B AiNAHUI BEPXHbOI CTiHKM
Tabnuua 2 — BeNMYMHU HaNpPyXXeHb B KOHTPONAbHUX
TOuKax mogeni 6e3 gedeKry i B mogeni 3
NOPOKHUHHUM AedeKTOM BepPXHbOi CTIHKU
KY/bLWOBOI 3anaauHuU

) Hanpy:xeHHa, MMNa
KOHTpO/IbHI TOYKM
6e3 gedekty 3 gedpexkTom
1 23,7 24,3
2 19,7 20,5
3 3,4 3,7
4 1,5 2,7

Ky/bLLIOBOI 3anaAnHuM 3pocTatoTb Ao 24,3 MMMa, B 3a4Hil
— po 20,5 MMa, B gHi KynbWwoOBOi 3anaguHu — go 3,7
Mna i HaBkono pedekty — no 2,7 MMa.

a o

N [aHi Npo BeNMUYMHM HaMpyKeHb B
fg KOHTPO/IbHUX TOYKax mogeni 6es ae-

deKTy i B Moaeni 3 NOpoOXKHUHHUM Je-
16 dEeKToM BEPXHbOI CTIHKM KyNbLIOBOI 3a-
14 | naguHu HaseseHi B Tabn. 2.
12 [Oiarpama, Aka HaBeaeHa Ha puc. 7
10 | Hagae Hao4yHe yABAEHHA MNPO CniBBiA-
8 HOLIEHHA BE/IMYMH HaMpy»KeHb B MO-
aenax 6e3 gedekty i 3 NOPONKHUHHUM
AedeKToM BepxHbOi CTiIHKM Ky/blUOBOT
3anaguHu.

AK NOKa3aHO Ha Aiarpami, HAABHICTb

o Mooy

PucyHOK 5 — KapTuHa po3noginy HanpyKeHb B Mogeni Tasa 3 eHA0NpoTesom
KyNbLOBOro cyrnoba 6e3 KictTkoBux aedekTiB: a — 3araibHUii BUMIAL,;

6— Ky/bllOBa 3anaguHa.

NMOPOXKHUHHOTO AedeKTy BEPXHbOT CTiH-
KW Ky/blIOBOI 3anaguHW NPU3BOAUTb
00 NiABULLEHHA BEAWYUH HAMpPYMKeHb,

OVHKW. Po3nogin HanpyXeHb B mogeni
MOHa crnocTepiraT Ha pumc. 5.
MpoBeneHe MoaentoBaHHA MOKasa-
N0, WO npu TOTaNbHOMY eHAonpoTe-
3yBaHHi KynblioBoro cyrioba 6e3 ae-
deKTiB Ky/bWOBOI 3anaAnHN HalbinbLu
HaBaHTAXXEHOK € ii BEpPXHA CTiHKa, ge
HanpyXeHHA CcAratloTb MNO3HavykuM 23,7
MTMa. Tpoxn meHLWi NOKA3HMKKM Hanpy-
»eHHA 19,7 MMMa BUHMKalOTb B 3a4Hil

200
20
18
16
14
12
10
8

CTiHLI Ky/nbwoBOi 3anaguHu. Ha AgHi a

oM B O

]

KY/NIblIOBOI 3aMaAMHKU i 30Hax nepesa-
6a4eHOro po3TallyBaHHA MNOPOMKHUH-
HUX AedeKTiB piBeHb HamnpyXeHb He-

PUCYHOK 6 — KapTuHa po3noginy HanpyXeHb B Mogeni Ta3a 3 eHA0NpoTe3om
KYNbLUOBOro cyr/106a 3 NOPOXXHUHHUM AedEeKTOM BEPXHbOT CTIHKU KyNbLUOBOI 3anaguHu:

a —3aranbHui BUINAA,; 6- KynblioBa 3anaguHa.
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AK HaBKOMO AedeKTy, TaK i B iHLWKX Ai- 30
NAHKAX Ky/1bLWOBOI 3anaanHu.
. 25
Po3rnaHemMo, Sk 3MIHIOETbCA Ha-

npy>eHo-gebopmoBaHUI CTaH mogeni
nicna 3anOBHEHHA MOPOMXHUHHOIO Ae-
beKTy BepXHbOi CTiHKM Ky/blUOBOI 3a-
naanHu.

Ha puc. 8 HaBegeHO po3nogin Ha-
npy*eHb B mogeni 3 aedbektom Bepx-
HbOI CTIHKM Ky/bLUOBOI 3anaauHu, 3a- 0
NoBHEHMM biogerpagyroumm LemeHTOM
Ha ocHoBi TK®.

MicnA 3anoBHEHHA MNOPOXHWUHHOIO

HanpyseHHa, MMa

20

15

10

5
N -

BEPXHA CTIHKA

334HA CTIHKE
KoHTponeHi ToukK

MepniansHa cTiHka 30Ha gedexty

B Ges nedexTy M Ges 3an0BHeHHA

nedekTy BepxHbOi CTIHKM KynblUOBOI
3anaguHN LEMEHTOM Ha OCHOBI TK®,
piBEHb HaMpy>XeHb B KOHTPOJbHUX

PucyHok 7 — [liarpama Be/IM4MH HanpyXXeHb B KOHTPONbHMX TOYKax mogeni 6e3 aedekty
i B mogeni 3 NoOpoXKHUHHUM AedeKTOM BePXHbOI CTIHKU Ky/bLUIOBOI 3anaguHu.

TOUYKax mogenewn AeKinbka 3HU3MBCA B
NopiBHAHHI 3 Mogennto 6e3 3anoBHe-
HHA aedeKTy. Hanpy»KeHHs BMHUKaKOUI
B BEPXHIiN CTiHUi Ky/blOBOI 3anagnHu
6ynn BM3HaAYeHi Ha piBHi 24,0 Ma, Ha
3agHin — 20,3 MMa, Ha AHi KynbwoBsoi
3anaguHu — 3,6 MMa, B 30HI aedeKTty —
2,4 MNa. Ak 6a4uMmo, 3anOBHEHHSA MNO-
POXKHUHHOTO AedeKTy BEPXHbOI CTIHKK
Ky/IbLLIOBOI 3anaAnHKN KicTKoBMM bioge-
rpagytoumMm LEeMeHTOM Ha ocHoBi TKP
NPUBOAUTL [0 HE3HAYHOIo 3HUXKEH-

200
20
18
16
14
12
10

HA PiBHA HANpPy)XeHb Ha BCiX AiNAHKAX

o NN B oo

0

KY/IbLLIOBOI 3anaguHu.
HanpyxeHo-gepopmoBaHuii  cTaH
mogeni 3 AedeKTom BepxHbOi CTiHKM

PucyHoK 8 — KapTuHa po3noginy HanpyeHb B Mogeni Ta3a 3 eHA0MnpoTe3om
KYNbLLOBOrO Cyr106a 3 NOPOXHUHHUM AedEeKTOM BEPXHbOT CTIHKU KyNbLIOBOI 3anagnuHu
3anoBHEHUM KiCTKOBUM LieMeHTOM Ha ocHoBi TK®: a — 3aranbHuii Burnag;

6- KynblloOBa 3anaguHa.

3anaguHu, binblw noaibHoro 4o piBHA

a 0

200 . . .
20 Hanpy*KeHb MNpW BiACYTHOCTI gedeKTiB
18 Ky/NbLWOBOI 3aMagnHu.

MpoBeaeHe foCNiAXKEHHA MOKa3ano,
16 | wo BMKOPUCTaHHA biogerpaaytoyoro
14 | uemeHTy Ha ocHoBi TK® 3 gopaBaHHAM
12 | TA pnA 3aN0BHEHHSA MOPOXKHUHHOIO Ae-
10 | deKTy BepXxHbOi CTIHKM Ky/bLLIOBOI 3ana-
8 OVHU NpY eHaonpoTe3yBaHHI A03BOIAE
OTPMMATK Kpalliit pe3ynbTaT, C TOYKM
30pY 3HWMKEHHA BENYMH HAMPYKEHb B
KY/NbLUOBOI 3anaguHi, Hi*K BUKOPUCTAH-
HA LemeHTy bes lA.

[aHi npo BenMYMHWM Hanpy*KeHb

o ™N B o

PucyHOK 9 — KapTuHa po3nopainy HanpyeHb B MoAeni Ta3a 3 eHA0NpoTe3om
KYNbLIOBOrO cyrn106a 3 NOPpOXXHUHHUM AedeKTOM BePXHbOT CTIHKU Ky/IbLLIOBOI 3anagnHn
3aN0BHEHUM KiCTKOBUM LLeMeHTOM Ha ocHoBi TKD+TA: a — 3aranbHuii BUrnaa;

6 — KynblwoBa 3anaguHa.

Ky/1bLLOBOI 3anagMHN 3aN0OBHEHOI LLEMEHTOM Ha OCHOBI
TK® 3 gogaBaHHAM A HaBeaeHO Ha pmc. 9.

LlemeHT Ha ocHoBi TK® 3 goaasaHHsam A npu 3ano-
BHEHHi NOPOXKHUHHOIO AedeKTy BEePXHbOI CTIHKN Ky/b-
LWOBOI 3aMaanHN A03BOAE 3HU3UTU pPiBEHb HaNPYKEeHb
B Hei NpaKTMYHO A0 piBHA moaeni 6e3 gedekTy, a came,
Ha BEpPXHil cTiHui — 8o 23,8 MIMa, Ha 3a4Hil CTiHUi — 8o
20,1 MMa, Ha AHi KynbwoBOi 3anaanHu — o 3,5 Mra,
B 30Hi gedekTy — Ao 2,1 MMa. TakMm YMHOM, 3aMNOBHe-
HHA NOPOMXKHUHHOIO AedeKTy BEPXHbOI CTIHKMU KybLUO-
BOI 3aMaAMHKN KiCTKOBMM bGiogerpagyroumm LemeHTOM
Ha ocHoBi TK® 3 gopmaBaHHAM A NpPUMBOAUTL 4O 3HU-
JKEHHA PiBHA HANpPy)KeHb Ha BCiX AiNAHKAX Ky/lbLIOBOI

B KOHTPO/IbHMX TOYKax BCiX BapiaHTIB
moaenem 3 MOPOKHUHHUM gedeKTom
BEPXHbOI CTIHKM Ky/blWOBOI 3anaAnHu
HaBeaeHi B Taba. 3.

Hao4yHO NOpiBHATK piBEHb HANPYy*KeHb B Pi3HUX Ba-
piaHTax moaenen Tasa 3 eHAOMNPOTE30M Ky/bLUOBOro
Ta6bnuua 3 — BeAIMUMHU HaNpyXKeHb B KOHTPO/IbHUX
TOYKaX Mogeni Ta3a 3 eH40NPOTE30M Ky/1bLLIOBOTO
cyrno6a 3 nopoXKHMHHUM aedEeKTOM BepXHbOT
CTiIHKM KyNbLUOBOI 3anaguHu

KoHTponbHi Hanpy»xeHHa, MMNa
TOYKU  |6e3 nedekTy| 3 AedekTom 3anosH.TKD| ﬁ'gf&
1 23,7 24,3 24,0 23,8
2 19,7 20,5 20,3 20,1
3 3,4 3,7 3,6 3,5
4 1,5 2,7 2,4 2,1
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tn

HanpymenHs, MMa
[=]

wn

BEPXHA CTIHKE 330HA CTiHKE megiansHa cTiHka

KoHTponsHi ToukK

o THd Thd-FA

W Ges gedeuty 623 3an0BHEHHA

20

| III

1

0 [ | ]

HY po3noginy Hanpy»eHb B mogeni 6e3
3anoBHEeHHA aedeKTy HaBeAeHO Ha pUc.
11.

Mpu eHpONPOTE3YBAHHI KYNbLLOBOTO
cyrnoba 3 He3anoBHEHMM MOPOMKHMUH-
HUM aedeKTOM Ky/blOBOi 3anaguHu
Hanpy»KeHHA B i BEPXHIl CTiHLi BU3Ha-
YyarTbCcA Ha piBHI 24,0 MMMa, wo suwe
Hi*K B Mmogeni 6e3 aedekTy. Takox nia-
BULLEHWI MiBEHb HaMpy»eHb CrnocTepi-
raeTbCA i Ha IHWMX AiNAHKAX KyNbLOBOI
3anaguHu, a cama, Ha ii 3agHil cTiHui —
21,3 Ma, Ha gHi KynblWOBOI 3aMNaanHK

30Ha aederTy

PucyHoK 10 — [liarpama Be/IM4MH Hanpy>KeHb B KOHTPOJIbHMX TOYKaX MmoAeni Ta3a 3
€HA0NPOTE30M KY/IbLUOBOTO Cyr106a 3 NOPOXXHUHHUM AedeKTOM BEPXHbOT CTIHKU

Kyan.UOBO-I. 3anaguHu.

— 3,8 M3, B 30Hi gedekty — 3,0 MMa.
JaHi Npo BeNWYMHWM HaAMpyXKeHb B
KOHTPOJIbHUX TO4YKax mopeni 6es pe-

cyrnoba 3 MOPONKHUHHUM AedeKToM
BEPXHbOI CTIHKM Ky/bLIOBOI 3anaauHu
[O03BONAE Aiarpama, AKa HaBedeHa Ha
puc. 10.

[iarpama [EeMOHCTPYE, WO HaAB-
HiCTb MOPOXHUHHOTO AedeKTy BEPXHbOI
CTIHKM Ky/blWOBOI 3anafvHU MNpPU3BO-
OMTb [0 NiABULLEHHA PIBHA HanpyXeHb
B YCiX AOCNIAKEeHNX 30HaX. BUKopucTaH-
HA KiICTKOBMX LLEMEHTIB A4/1A 3aMOBHEHHA
nedeKTy [,03BONAE 3HU3UTU PiBEHb Ha-

NpyXeHb BO BCiX KOHTPO/NbHUX TOYKAX a

6

3anaguHu, NpU LbOMY BWUKOPUCTAHHA
LeMeHTy Ha ocHoBi TK® 3 noaaBaHHAM
A [03BONIAE MAKCMMaAJIbHO HAbAN3IUTK
piBEHb HanpyKeHb B MoAeni A0 MOKas-
HUKIB Mogeni 6e3 pgedekTy.
3aK/1OYHUM eTanom poboTH [OCNiIAKYBaAU Hanpy-
KeHO-4edOopMOBaHNIM CTaH MoAeelt 3 MOPOKHUHHUM
AedeKTom 3a4HbOI CTIHKM Ky/1bLLOBOI 3anaanHn. Kaptu-
Tabnnua 4 — BeNMUMHU HANPyXKeHb B KOHTPONIbHUX
TOYKax mogeni 6e3 gedeKry i B mogeni 3
MOPOXHUHHMUM AedeKTOM 3a4HbOI CTIHKMK
KY/bLWOBOI 3anaguHu

KOHTpONbHI Hanpy»eHHsa, MMa

TOYKHU

6e3 gedekTty 6e3 3anoBHEeHHA
1 23,7 24,0

2 19,7 21,3
3 3,4 3,8
4

1,8 3,0

PucyHOK 11 — KapTuHa po3noginy Hanpy:eHb B Mogeni Tasa 3 eHA0NpoTe3om
Ky/IbLLOBOrO cyri106a 3 NOPOXHUHHUM AedeKTOM 3a4HbOI CTIHKU Ky/IbLIOBOI 3anaguHu:

a —3aranbHuii Burnag; 6 — Kynbwoea 3anaguHa.

bekTy i B Mogeni 3 NOPOXKHUHHUM AedeKToM 3afHbOT
CTiHKM KyNbLIOBOI 3aNaguHW HaBeaeHi B Taba. 4.

[Liarpama, AKka HaBegeHa Ha puc. 12 Hagae HaouHe
YABNEHHA NPO CNiBBiAHOWEHHA BENIMYNH HAMNPYKEHb B
mozensax 6es gedpeKty i 3 NOPOKHUHHUM AedeKTom 3a-
OHbOI CTIHKW KyNbLLOBOI 3anaAnHu.

AAK MOKA3aHO Ha Aiarpami, HAABHICTb MOPOXKHUHHOTO
AedeKTy 3a4HbOI CTIHKM KyNnblIOBOI 3anaguHu NpusBo-
OMTb 00 NiABULLLEHHA BEIMYMH HanpyeHb, AK HAaBKOO
AedeKTy, TaK i B iHWKUX AiNAHKAX Ky/1bLLUOBOI 3anaguHu.

Po3rnaHemo, AIK BN/JIMBAE Ha piBEHb HaAMpPY)KeHb B
MoZeNi 3anoBHEHHA MOPOXHUHHOIrO AedeKkTy 3aaHil
CTiHLi KynblWOBOI 3anaguMHu bBiogerpaayroumm KicTKo-
BMM LLleMeHTOM Ha ocHOBi TK®. Po3nogin Hanpy»eHb B
MOZeNi MOXHa crocTepirat Ha puc. 13.

B pesynbraTi 3aMmOBHEHHA MOPOXK-

30
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5
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BEPXHA CTIHKa

HanpymeHHa, MMa

33AHA cTiHKE MeglansHa cTiHka

KoHTponsHi ToukM

W Ges pedenry B 623 3aN0BHEHHA

HUHHOTO AedeKTy 3aAHbOT CTIHKW Ky/b-
WoBOi 3amaguHM  Biogerpagyoumm
KICTKOBMM LLeMeHTOM Ha ocHoBi TK® pi-
BEHb HanpyXeHb B KOHTPONbHUX TOYKaX
MOAENi 3HMMKYETbCA | BU3HAYAETbCA Ha
TaKMX NO3HAYKax: BEPXHA CTiHKa — 23,8
MTMa, 3agHAa cTiHka — 20,4 MMa, Ha AHi
Ky/bWOBOI 3anaguHu — 3,6 MIlla, 30Ha
pedekty — 2,3 Mrla. AK 6aunumo, 3amno-
BHEHHA MOPOXHUHHOIO AedeKTy Bepx-
HbOI CTIHKM KyNbLUOBOi 3anagnHn KicTt-
KoBMM bioferpagytoumMm LeMeHTOM Ha
ocHoBi TK® npuBoaMTb A0 HE3HAYHOTO

30Ha gadenry

PucyHoK 12 — [liarpama BesIM4MH HanNpyKeHb B KOHTPOJIbHUX TOUYKax moaeni 6e3
AedeKTy i B moaeni 3 NOPOXKHUHHUM AedeKToM 3aAHbOI CTIHKU KY/IbLLIOBOI 3anaAnHN.

3HUXKEHHA PiBHA HanpyXeHb Ha BCiX Ai-
JNIAHKAX KyNblWOBOI 3aMaAnHU.
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Ha puc. 14 BigobparkeHo Hanpy:xe-
Ho-aedopmoBaHMI CTaH Mogeni Tasa
3 eHAONPOTE30M Ky/bLUOBOro cyrnoba
NpW HaABHOCTI MNOPOXHUHHOIO AedeK-
Ty 3a4HbOI CTIHKM KyNbLUOBOI 3anaanHu
3aMOBHEHUM KICTKOBMM LEMEHTOM Ha
ocHoBi TKO+TA.

AK | npu moaentoBaHHi pedekTy
BEPXHbOI CTIHKM Ky/bLIOBOI 3anaanHu,
BUKOPUCTAHHA LEeMeHTY Ha ocHoBi TKD
3 gogasaHHAM A anAa 3anoBHEHHA MNo-
POXKHUHHOTO AedeKTy 3aAHbOI CTIHKK

200

)

18
16
14
12
10

TAaKOXX A03BOIAE 3HU3UTU piBEHb Hanpy- a

o= TN I S = 1

6

YKE€Hb B Ky/IbLLOBOI 3anaAnHN NpaKTUy-
HO [0 NOKa3HWKIB moaeni 6es gedekTy.
OTKe, B A4iNAHL BEPXHbOI CTIHKW Hanpy-
YKEHHA BM3Ha4YaloTb Ha pisHi 23,7 MMa,

PucyHok 13 — KapTuHa po3noainy HanpyxeHb B moAeni Ta3a 3 eHA0npoTe3om
KY/IbLLOBOTO CYrN106a 3 NOPOXKHMHHUM AedeKTOM 3aHbOIT CTIHKM Ky/IbLUOBOI 3anagnHu
3anoBHEHUM KiCTKOBUM LleMeHTOM Ha ocHOBi TK®: a — 3aranbHuii BUrnag;

6 — KynbLWOBa 3anaguHa.

a 0

PucyHok 14 — KapTtuHa po3noginy Hanpy»KeHb B moAeni Tasa 3 eHA0npoTe3om
KY/IbLLOBOTO CYrN106a 3 NOPOXKHUHHUM AedEeKTOM 3a4HbOT CTIHKU Ky/bLIOBOT 3anaAuHu
3aMNOBHEHUM KiCTKOBUM LleMeHTOM Ha ocHoBi TK®+TA: a — 3aranbHuii BUrNaA;

6 - Ky/iblLOBa 3anajuHa.

Tabnuua 5 — BeAMUMHU HanpyXKeHb B KOHTPObHUX
TOYKaxX mogeni Ta3a 3 eHA0NPOTE30M Ky/IbLLIOBOrO
cyrno6a 3 nopoXXKHMHHUM gedeKToM 3a4HbOT
CTiHKM Ky/bLWOBOI 3anNaguHu

KOHTpONbHI Hanpy:eHHs, MMa
TOYKHM 6e3 gedekty | 6e3 3anoBHeHHA | TKD TKO+TA
1 23,7 24,0 23,8 23,7
2 19,7 21,3 20,7 20,4
3 3,4 3,8 3,6 3,5
4 1,8 3,0 2,8 2,3

3aHbOI CTiHKK — 20,4 MMMa, Ha AHi Ky/bLWIOBOI 3aNaAnHU
— 3,5 MMa, B 30Hi aedekTy — 2,3 Mla. TakKum YMHOM
MOXHa CTBEPAKYBATH, LLO 3aNOBHEHHA MOPOKHUHHO-

200 ro pedekTy 3aAHbBOI CTIHKM Ky/bLLOBOI
20 3amaguHM KicTKoBuMM bGiogerpagyoumm
18 uUemeHTOM Ha ocHosi TK® 3 popaBaH-
16 HAM A NpMBOANTb 40 3HUMKEHHA PiBHA
14 HanpyXeHb Ha BCiX AiNIAHKaX Ky/bLOBOI
12 3anagutu.
10 BuKopucTaHHA 6iogerpagytoyoro
8 LEeMeHTY Ha ocHoBi TK® 3 gogaBaHHAM
l'A onA 3aNOBHEHHA NMOPOXKHUHHOTO Ae-
6 beKTy 3a4HbOI CTIHKM KyNbLUOBOI 3ana-
4 OVHU NpU eHAoNpoTe3yBaHHI J03BONAE
2 OTPMMATKM AEKifbKa KpaLwlilt pe3ynbtar, ¢
0 TO4YKM 30py 3HWMIKEHHA BENUYMH Hamnpy-
YKEHb B Ky/IbLLOBOI 3anaAnHi, HiXK BUKO-
pUCTaHHSA uemeHTy 6e3 A,

B Tabn. 5 HaBeaeHi AaHi Npo Benu-
YMHM HaMNPY>KEHb B KOHTPOJIbHUX TOYKaX
Mozeni Tasza 3 eHAOoNPOTE30M Ky/ibLUO-
BOro cyr/ioba 3 NOPOXKHMHHUM AedeKTOM 3a4HbOT CTiH-
KW KY/IbLLOBOI 3anaguHu.

[Jiarpama, Aka HaBegeHa Ha puc. 15 no03BoAAE Ha-
OYHO MOPIBHATU BENYMHU HAMNPYKEHb B KOHTPOJbHUX
TOYKax Moaeni Tasa 3 eHAONPOTe30M Ky/bLIOBOro Cy-
rnoba 3 NOPONKHNUHHUM AedEKTOM 3a4HbOT CTIHKU Ky/ib-
LIOBOI 3anaguHu.

Mepepo3noain HanpyxeHb B MOAeNi 3 MOPOKHUH-
HUM aedeKToOM 3a4HbOi CTiIHKM Ky/bLIOBOI 3anaguHu,
npu 3anoBHEHHI Moro biogerpasytoummmn LLeMeHTamu
KOPEesItoe 3 NOKasHWKaMu mogaeni 3 AedeKToM BepXHbOi
CTiHKM.

3rigHO 3 pe3ynbTaTaMu MPOBEAEHOr0 MOAENOBAH-
HA, NPW HaABHOCTI AedEeKTiB Ky/lblIOBOI 3anaaMHU B
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BEPXHHA CTIHKA

HanpyseHHs, MMa

3ANHA CTIHKA MegfianbHa cTiHKa

KoHTpoAbHI TOUKK

B THD TH®-TA

M Ges gedenty B Ge3 3anoBHEHHA

mogeni He BiabyBaeTbCs HAATO BMpParKe-
HUX 3MiH HanpyXeHo-AedopMOBaHOro
cTaHy. MpoTe, Npu HasBHOCTI AedeKTis
KyNbLIOBOI 3anaguHu BigMivaeTbca
NiaBULLEHHA MOKA3HUWKIB HaMpy)KeHb B
KOHTPOJIbHUX TOYKAX, NOPIBHAHO 3 Ky/b-
LIOBOIO 3anagunHoto 6e3 gedekTis.
biogerpaayrodi  KiCTKOBI  uemeH-
TW, NPU YMOBAxX 3anoBHeHHA AedekTis
KiCTKOBOI TKaHWHM, XO4a 3a CBOIMM Xa-
PAKTEPUCTMKAMM | MAKOTb HUXKYI No-
KasHWKM mopayna HKOHra, nopiBHAHO 3
rybuyacTtoro KicTKolo, ane [03BONAOTbL

30HA AedenTy

PucyHok 15 — [liarpama BeiM4MH HanpyeHb B KOHTPO/IbHUX TOYKaX Mogeni Tasa
3 eHJ,0NPOTE30M KY/IbLLOBOIO CYrN106a 3 NOPOXKHMHHUM AedeKTOM 3aHbOI CTIHKN

KY/NbLUOBOI 3anaguHu.

3HU3UTU PiBEHb HAMpPYXXeHb B Ky/bLUO-
BilM 3anaauHi. LlemeHT Ha ocHoBi TK® 3
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AofaBaHHAM A MaKCMManbHO BiANOBIAAE MOKAa3HMKaM
3adikcoBaHMM Npu AocaigxKeHHi Ha mogeni 6e3 gedek-
TY, LLO MOKHA NOACHUTU HAaBAMMKEHHAM 4,0 MEXaHIYHUX
B/1ACTUBOCTEM ryb4acToi KicTKOBOI TKAHUHM.

BucHoBKM.

3rifHO 3 pe3ynbTaTamm NPOBEAEHOr0 MaTeEMATUYHO-
ro MOAENtOBaHHA, HaABHICTb MOPOXKHUHHUX AedeKTiB
Ky/1bLLIOBOI 3anagnHU NP NpoBeeHi TOTaIbHOrO eHA0-
npoTe3yBaHHA, NPU3BOAUTb A0 NiABULLEHHA BEUYUHU
HanpyKeHb B ii BEPXHiN Ta 3aAHill CTiHKax. 36i/blEeHHS
BE/IMYMHW HABAHTAXKEHHS, O BUHMKAE B KY/bLUOBIN 3a-

BuKopuCcTaHHA biogerpaaytoumx LLEMEHTIB Ha OCHOBI
TK® n03B0NAE 3HN3UTU piBEHD HANpPyXKeHb B KOHTPO/Ib-
HUX TOYKax, a LeMeHT Ha ocHoBi TK® 3 gogaBaHHAM TA
HabMKYE MOKA3ZHMKM HaNpyKeHb B Ky/bLLIOBIl 3anaan-
Hi Ao piBHA moaeni 6e3 gedekTy, CTBOPIOOYN YMOBU A0
bopMyBaHHA MOBHOLIHHOTO KOHTAKTy Ha MeXi eHao-
npote3\KicTKoBa TKaHMHa.

MepcnekTMBM NoAANbLUMA A0CAIAXKEHD.

Tak AK BNacTUBOCTI biogerpaayoumnx LEMEHTIB Mano
BUBYEHI, YABNAETLCA AOLINBHUM BUBYEHHA iX MEXaHiy-

naaunHi moxe besnocepeaHbo BNAMBaTK Ha CTabiNbHICTb
aueTabynapHOro KOMMNOHEHTY eHAoNpoTe3a. HaaBHICTb . ) - ]
fedekTiB, 63 MAacTUYHOro X 3amilleHHs, nposokye  BICTE Il PEryNoBaHHA, OCTEOIHAYKTWBHI BNaCTMBOCTI,
NoABY 30H NepeBaHTa)KEeHHA Ta HeraTUBHO BM/IMBAE Ha  WBWAKICTb NPOLECY KICTKOYTBOPEHHs B 30Hi AedeKTy Ta
dikcauito aueTabynapHOro KOMMNOHEeHTa. iH.
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OOCNIAXEHHA HANPYXKEHO-AE®OPMOBAHOIO CTAHY CUCTEMMU «TA3-EHAONPOTE3» NPU 3AMNOBHEHHI
NOPOXHWUHHOIO OEPEKTY KY/NbLLOBOI 3ANALUHU BIOLErPAAYIOHUMW LEMEHTAMM

NonnascbKa K. C., ®inineHko B. A., KapniHcbkuii M. M., fipecbko O. B.

Pestome. Bcmyn. Cepepg, yCKNaAHeHb eHAONPOTE3yBAHHA KyAbLLUOBOro cyrnoba yacTile 3a BCe BUAINAIOTb He-
CTabiNIbHICTb KOMMOHEHTIB eHAoNpPOoTe3y, Pi3HOMaHITHOro reHesy. OaHUM 3 $GaKTOPIB LLLO HEeraTMBHO BM/IMBAOTbL HA
CTabifNbHICTb B CUCTEMI IMMNAHTAT-KICTKOBA TKAHWHA, € HasfABHICTb AedEKTiB Ky/bLLOBOI 3anaanHu.

Mema. BU3HauNTK 3MiHM MeXaHIYHMX Hanpy*KeHb BUHMKAOUMX B Ky/bLUOBIM 3anaanHi Npy eHAonpoTe3yBaHHi,
AKi BigOyBaloTbCsA B yMOBaX HAABHOCTI MOPOXKHUHHUX AedEeKTIB , Ta 3MiHY NOKa3HMKIB NPWU 3aN0BHEHHI LMX AedeKTiB
biogerpagyounmm LemeHTamu (4Box Tunis) .

06’ekm i MemoOu docnioreHHA. MpoBeseHO MaTeEMATUYHE MOAEIOBAHHA HanpyKeHo-4edopMOBaHOro CTaHy
CUCTEMM TA3-eHAOMNPOTE3» NPW 3aNOBHEHHI NOPOXKHUHHOTO AedEeKTy Ky/bLOBOI 3aNaauHK biogerpagyroummm Le-
MeHTamu. MogentoBanm NOPOKHUHHUI AedeKT Ky/ablUOBOI 3anaZMHN 0BaibHOI GOpmM 3 NapameTpamun: BEINKUI
AiameTp — 30 Mm, manuii —20 Mm, mMnbuHa — 2/3 TOBLMHM MeAianbHOT CTIHKM KyNbLIOBOI 3anaavHu Ta 1Ba BapiaHTa
po3TalyBaHHA NOPOXKHMUHHOIO AedeKTy — BEPXHbOI Ta 3a4HbOI CTIHOK Ky/blLIOBOi 3anaanHu. Mogeni HaBaHTaxy-
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Ba/IN BEPTUKA/IbHOIO PO3MoAineHoto cunoto BeandmHoto 540 H. Mogentosanu gito gluteusmedius cunoto 1150 H Ta
gluteusminimus cunoto 50 H.

Pe3ynbmamu. HasaBHICTb NOPOXKHUHHOTO AedeKTy BEPXHbOI CTIHKM Ky/NbWOBOI 3aMNaAnHM NPU3BOAMTbL A0 Mia-
BULLEHHA BE/IMYMH HAMNPYKEHb, AK HAaBKONO AedeKTy, TaK i B iHLWNX AiNAHKaX Ky/blIOBOI 3anagmHn. BUKopucTaHHA
biogerpagyoyoro LeMeHTy Ha O0CHOBI TpuKanbuuiidocdaty (TKP) 3 gogaBaHHAM rigpokcunanaTtuty (FA) ana sano-
BHEHHSA NOPOXKHUHHOIO AedeKTy 3aAHbOI CTIHKM Ky/NbLLIOBOI 3anagMHN Npu eHA0NpPoTe3yBaHHI 403BONASE OTPUMATHU
OEeKinbKa Kpallin pesynbTaT, C TOYKM 30pYy 3HUMKEHHA BEINYMH HANpyXKeHb B Ky/bLIOBOI 3aNaAnHi, HiXK BUKOpUC-
TaHHA uemeHTy 6e3 TA. Mepepo3noain HanpyKeHb B MoAeNi 3 MOPOKHUHHUM AepeKTOM 3a4HbOI CTIHKM Ky/bLUO-
BOI 3anaAnHK, NPW 3aNOBHEHHI Moro 6iogerpaayoumMmm LEeMeHTaMKN KOPESTHOE 3 MOKa3HMKaMK mogeni 3 aedekTom
BEPXHbOI CTiHKW. Biogerpaaytodi KiCTKOBI LleMeHTU, MpY YyMOBaxX 3anoBHEHHA AedeKTiB KiCTKOBOI TKAHUHM, Xo4a 3a
CBOIMM XapaKTEPUCTUKAMM | MaOTb HUMKYI MOKa3HWKKM moayna KOHra, nopiBHAHO 3 rybyacToto KicTKow, ane 403BO-
NAOTb 3HU3UTU PiBEHb HANPYKEHb B KY/bLUOBIN 3anaanHi. LlemeHT Ha ocHoBi TKD 3 foaaBaHHAM A MakcMManbHO
Bi4NOBiAAE NOKa3HMKaM 3adiKCOBAHMM NPU JOCAIAKEHH] Ha Moaeni 6e3 AedeKTy, WO MOXKHA NOACHUTU HabNMKeH-
HAM [0 MeXaHiYHMX BNaCTUBOCTEM rybyacToi KicTKOBOI TKAHUHM.

BucHosKu. HaABHICTb NOPOXKHUHHMX AedeKTiB Ky/IbLLIOBOI 3aNagnHN Npu NpoBeAeHi TOTa/IbHOrO eHA0NpPoTe3y-
BaHHSA, NPMU3BOANUTb A0 MiABULLEHHA BEMYMHM HANPYXKeHb B ii BEPXHil Ta 3a4HiN CTiHKax. 36iNblUEeHHS BEIMUYNHU
HaBaHTAXKEHHA, LLLO BMHMKAE B KY/bLUOBII 3anaguHi moxke 6esnocepeaHbo BNAMBATM HA CTabinbHICTb aueTabynsp-
HOro KOMMOHEHTY eHAonpoTesa. HaasHicTb AedeKTis, 6e3 NNacTUYHOro X 3aMilleHHs, NPOBOKYE NOABY 30H nepe-
BaHTAXEHHA Ta HeraTMBHO BM/IMBAaE Ha ¢iKcalito aueTabynapHOro KOMNoHeHTa. BukopucTaHHa Giogerpasyounx
LemeHTiB Ha ocHoBi TK® f03BONAE 3HU3UTK PiBEHb HAMPYXKEHb B KOHTPO/IbHMX TOYKAX, a LLleMeHT Ha OCHOBI TK® 3
[opasaHHAM A HabIMKYE NOKA3HMKM HaMPY»KeHb B Ky/IbLLIOBIM 3anaguHi Ao piBHA mogeni 6e3 gedekTy, cTBOptoto-
4YM YMOBM A0 GOPMYBAHHS MOBHOLLIHHOTO KOHTAKTY Ha Mei eHA0NpoTe3\KiCTKoBa TKaHWHa.

Kntouosi cnosa: eHaonpoTe3yBaHHA, Ky/IbLLOBA 3anagunHa, MOPOXKHUHHUI AedeKT, KICTKOBUI LLeMeHT.

STUDY OF THE STRESS-DEFORMED STATE OF THE “PELVIS-ENDOPROSTHESIS” SYSTEM WHEN FILLING A CAVITY
DEFECT OF THE ACETABULUM WITH BIODEGRADABLE CEMENTS

Poplavska K. S., Filipenko V. A., Karpinsky M. M., Yaresko O. V.

Abstract. Introduction. Among the complications of hip arthroplasty, instability of the components of the ar-
throplasty, of various genesis, is most often singled out. One of the factors that negatively affect the stability of the
implant-bone tissue system is the presence of defects in the acetabulum.

Goal. To study the changes in the mechanical stresses arising in the acetabulum during endoprosthesis, which
occur in the presence of cavity defects, and the change in indicators when filling these defects with biodegradable
cements (of two types).

Materials and methods. Mathematical modeling of the stress-deformation state of the “pelvis-endoprosthesis”
system during filling of the cavity defect of the acetabulum with biodegradable cements was carried out. An oval-
shaped cavity defect of the acetabulum was modeled with parameters: large diameter — 30 mm, small diameter
— 20 mm, depth — 2/3 of the thickness of the medial wall of the acetabulum, and two variants of the location of
the cavity defect —the upper and back walls of the acetabulum. The models were loaded with a vertical distributed
force of 540 N. The action of gluteusmedius with a force of 1150 N and gluteusminimus with a force of 50 N was
modeled.

The results. The presence of a cavity defect of the upper wall of the acetabulum leads to an increase in stress
levels, both around the defect and in other areas of the acetabulum. The use of biodegradable cement based on
tricalcium phosphate (TCF) with the addition of hydroxylapatite (HA) to fill the cavity defect of the back wall of the
acetabulum during endoprosthetics allows to obtain a slightly better result, from the point of view of reducing the
amount of stress in the acetabulum, than using cement without HA. The redistribution of stresses in the model with
a cavity defect of the back wall of the acetabulum, when it is filled with biodegradable cements, correlates with the
indicators of the model with a defect in the upper wall. Biodegradable bone cements, under the conditions of filling
defects of bone tissue, although according to their characteristics, have lower values of Young’s modulus, compared
to cancellous bone, they allow to reduce the level of stress in the acetabulum. Cement based on TCF with the addi-
tion of HA maximally corresponds to the indicators recorded during the study on a model without a defect, which
can be explained by the approximation to the mechanical properties of spongy bone tissue.

Conclusions. The presence of cavity defects of the acetabulum during total arthroplasty leads to an increase in
the amount of stress in its upper and rear walls. An increase in the magnitude of the load occurring in the acetabu-
lum can directly affect the stability of the acetabular component of the endoprosthesis. The presence of defects,
without their plastic replacement, provokes the appearance of overload zones and negatively affects the fixation
of the acetabular component. The use of biodegradable cements based on TCF allows to reduce the level of stress
in control points, and cement based on TCF with the addition of GA brings the stress indicators in the acetabulum
closer to the level of the model without a defect, creating conditions for the formation of full-fledged contact at the
endoprosthesis/bone tissue interface.

Key words: endoprosthesis, acetabulum, cavity defect, bone cement.
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FORMATION OF IMMOBILIZATION CONTRACTURE OF THE KNEE JOINT
IN LABORATORY ANIMALS AND RESTORATION OF ITS FUNCTIONALITY UNDER
THE INFLUENCE OF LOW-FREQUENCY VIBRATION

(experimental study)
National Pirogov Memorial Medical University (Vinnytsya, Ukraine)
2Sytenko Institute of Spine and Joint Pathology National Academy of Medical Sciences of Ukraine
(Kharkiv, Ukraine)
helen.karpinska@gmail.com

Joint contractures are loss of passive range of motion of the diarthrosis joint. Immobilization contractures are
one of the common types of joint contractures. The study aimed to determine the effect of immobilization on the
formation of knee joint contracture in laboratory animals (rats) and assess the possibility of restoring mobility using
low-frequency vibration during and after immobilization. Three groups of laboratory rats, ten animals each, were
studied: | — 4 weeks of immobilization, 4 weeks of observation without rehabilitation measures; Il — 4 weeks of im-
mobilization, 4 weeks of low-frequency therapy; Ill — 4 weeks of immobilization, and 4 weeks in a row rats received
a course of vibration therapy. The knee joint range of motion was measured weekly. Vibration development was
carried out in the mode of 20 Hz with an amplitude of 1.5 mm. The rapid growth of contracture occurs from the 2nd
week of immobilization. In the animals of the | and Il groups, the process happened in the same way. In the Ill group,
contractures were formed by the 4th week, but significantly less than in the previous groups. After the removal of
immobilization, a slow increase in movements was observed in the first group, which did not reach average values
by the 4th week after the removal of immobilization. Group Il rats had a rapid reduction in contracture, and recovery
occurred by week 4. In the Il group, recovery was complete in 2 weeks. Low-frequency vibration reduces the impact
of immobilization and significantly accelerates the recovery of the joint after its completion.

Key words: laboratory animals, experiment, contracture, knee joint, vibration.
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The research was carried out with the scientific topic
“To study the mechanisms of formation of immobilization
contractures and to investigate the effect of low-frequen-
cy vibration on the restoration of joint function”, state
registration number 0121U111555.

Introduction.

The term “joint contractures” describes the loss of
the passive range of motion of diarthrosis joints, the
most common and mobile type of joint. Measuring the
passive or active range of motion of a contracture joint is

less than two weeks of immobilisation periods produced
contractures associated with muscle restriction, and the
contractures were reversible after remobilisation. In the
case of immobilisation for four or more weeks, the joint
structures contributed more to limiting the range of mo-
tion, and the resulting contractures were irreversible [2,
3].

The aim of the study.

To determine the impact of immobilization on the
formation of contracture of the knee joint in laboratory
animals (rats) and to evaluate the possibility of restoring

critical to assessing the importance of joint contractures
[1]. Joint contractures caused by immobility have both
myogenic and arthrogenic components. In a rat model,

mobility in the case of using low-frequency vibration dur-
ing and after immobilization.
Object and research methods.
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