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In case of dislocations of the acromial end of the clavicle (AEC), its stabilisation is achieved in two ways: clavicle —
coracoid process, clavicle — acromion process. Fixation of the AEC to the acromion of the scapula is a priority.

Aim: to conduct a comparative analysis of fixation of the acromial end of the clavicle by Weber, hook plate and
the proposed construction by studying the stress-strain state of the acromioclavicular joint in case of damage to the
inferior acromioclavicular ligament with different methods of fixation.

A finite element model of the acromioclavicular joint was constructed. The damage to the inferior acromio-
clavicular ligament and fixation of the AEC were modelled in three ways: by Weber, hook plate, and the proposed
construction.

All types of fixators provide approximately the same level of stress in the bone elements of the model, but with
Weber fixation, the stresses in the areas of contact with the wire on the AEC and on the acromion process of the
scapula increase several times, which can cause bone destruction. The best distribution of stresses in both the bone
elements of the model and the intact ligaments is provided by a hinge-type fixator. It is also the best by the criterion
of minimising the value of relative deformations. The Weber fixation allows the reduction of the relative deforma-
tions of intact ligaments below the level of the model without fixation, but the stress distribution indicators in this
model call into question the feasibility of using this technique. The hook plate fixator occupies an intermediate posi-
tion relative to all the studied parameters.

Weber fixation of the acromial end of the clavicle provides good results in terms of stress levels and relative de-
formations in intact ligaments but leads to a several-fold increase in the stress level on the AEC and acromion process
of the scapula. The fixator of the proposed construction provides the best result, both in terms of stress distribution
in the model elements and the value of relative deformations in intact ligaments. The hook plate fixation occupies an
intermediate position in terms of all the studied parameters.

Key words: acromioclavicular joint, ligaments, fixation.

Connection of the publication with planned re-
search works.

The work was performed within the framework of
the research project “Development of methods of ratio-
nal treatment of gunshot fractures of extremities based
on the study of tissue regeneration”, state registration
number 0123U104220.

Introduction.

Dislocations of the acromial end of the clavicle (AEC)
are a relatively common traumatic injury of the loco-
motion and support apparatus and, according to vari-
ous authors, account for 3% to 26.1% of dislocations of
other locations and about 10% in the structure of acute
shoulder girdle injuries, ranking third after dislocations
of the shoulder and forearm. They occur mainly in men
of young, most able-bodied age, which determines the
social significance of this injury [1].

Competing metal structures to provide fixation are
the hook plate, proposed by Fade G. E., Scullion J. E.
(2002) [2] and the Weber method (tension band wiring)
[3].

Each method of using metal structures has its advan-
tages and disadvantages.

The reasons for unsatisfactory results of surgical
treatment of dislocations of the acromial end of the
clavicle using the Weber method are the violation of the
integrity of the wire and pins, destruction of the acro-
mion process of the scapula and the acromial end of the

clavicle, and migration of the pins, which are due to the
mechanical properties of these structures [4].

Among the disadvantages of using a hook plate are
shoulder pain, bone destruction, especially in the area
of the acromion process, and subacromial conflict [5].

The disadvantages of modern fixation structures ad-
versely affect treatment results, requiring the develop-
ment of newer means.

The aim of the study.

To conduct a comparative analysis of the fixation of
the acromial end of the clavicle by Weber, hook plate
and the proposed construction by studying the stress-
strain state of the acromioclavicular joint in case of
damage to the inferior acromioclavicular ligament (lig.
acromioclavicular inferior) with different methods of
fixation.

Object and research methods.

A finite-element model of the AEC, consisting of the
scapula, clavicle, and ligaments of the acromioclavicular
and coracoclavicular complexes, was built in the bio-
mechanics laboratory of Sytenko Institute of Spine and
Joint Pathology National Academy of Medical Sciences
of Ukraine (fig. 1).

In the present study, we modelled damage to the
ligaments of the acromioclavicular joint, namely the in-
ferior acromioclavicular ligament (fig. 2).

For each variant of ligament injury of ACJ, fixation
of the acromial end of the clavicle (AEC) was modelled
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Figure 1 — Model of the humeral scapular joint, where: a — frontal view; b — sagittal view; c — top view.

Figure 2 — Variants of the model with damage to the inferior
acromioclavicular ligament.

infraspinatus combined — 55.6 N [12]. The loading dia-
gram of the model is shown in figure 4.

To compare the stress values in the elements of the
models with different damages and fixation options,
control points were selected. The location of the control
points is shown in figure 5 and table 2.

The maximum stress level in the ligaments, bone el-
ements and metal structures was recorded. In addition,
the values of relative deformations in the ligaments
were studied. The model was built in SolidWorks [13].
The stress-strain state of the models was calculated
using ANSYS [14].

Research results.

In the first stage of the study, we analysed the stress-
strain state of the model without damaging the ligamen-
tous apparatus. The normal stress distribution in the
bone elements of the model is shown in figure 6.

™
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Figure 3 — Models with fixation of the acromial end of the clavicle, where: a — according to Weber; b — with a hook plate fixator;
¢ — with a fixator of the proposed construction.

in three ways: by Weber, hook plate, and the proposed
construction [6] (fig. 3).

In the modelling, the material was assumed to be
homogeneous and isotropic. A 10-node tetrahedron
with quadratic approximation was chosen as a finite ele-
ment. The mechanical properties of the materials were
selected from the literature [7, 8, 9, 10, 11]. The charac-
teristics used (E — Young’s modulus of elasticity, v — Pois-
son’s ratio) are given in table 1.

The study modelled the loads acting on the AC)
when the upper extremity is abducted at an angle of 90°.
Forces were applied to the models to simulate muscle
action: middle deltoid muscle — 173.4 N, anterior del-
toid muscle — 121.9 N, posterior deltoid muscle — 371,
3 N, supraspinatus — 190.7 N, subscapularis — 1029.8 N,

Figure 4 — Model load diagram.
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Table 1 — Mechanical characteristics of the used materials The study made it possible to determine that,
Viaterial Young’s modulus of | Poisson’s Strength u.nder conditions of |nta§t ACJ ligaments, apduc-

ateria elasticity E, MPa ratio,v | limit, MPa ‘nondO}c tflle upper elqutremlty}/1 causes stresses ||n th?‘

- model elements that reach a maximum value o
gortlcaI:one 118034500'00 gz 1170060 81.8 MPa in the middle part of the clavicle and a
_pongy one 2 2 z minimum stress level of 3.0 MPa is observed at
Ligaments 330,0 04 its sternal end. On the scapula, the most stressed
Cartilage 2,58 0,44 32.5 MPa is found at the edge of its notch, with
Surgical steel AISI 316L 200000 0,30 505,0 the minimum stress of 11.2 MPa occurring along

12

n 9 10

7 its medial edge. Among
the ligaments, the high-
est stress level was re-
corded on the lig. trap-
ezoideum — 50.6 MPa,
the lowest on the lig.
acromioclaviculare su-
perior —39.5 MPa.

The second stage
of the study was to
investigate changes in
the stress-strain state
of the model as a result

a

b of damage to the AC)
ligaments. The pattern

Figure 5 — Location of control points: a — front view; b — top view.

Table 2 — Control points

of stress distribution in
the model with damage
to the lig. acromioclaviculare inferior is shown in fig. 7.

oGl : Model Rupture of the lig. acromioclaviculare inferior leads
points A otz £ element to an increase in the stress level in all model elements.
1 lateral border Among the bqne elemgnts, t-he maximqm stress level
of 81.8 MPa is determined in the clavicle body, and
2 | medial border the minimum stress level is 4.3 MPa at its sternal
3 suprascapular notch scapula end. In the scapula, the stresses reach a maximum of
4 coracoid process 42.5 MPa along the edge of the notch. The minimum
stresses of 11.5 MPa are determined along its medial
5  |acromion process edge. Compared to the undamaged model, the stress
6 acromial end level at all intact ligaments increases significantly. The
= . lig. acromioclaviculare superior is the most stressed
sternal end clavicle . X .
ligament, with a stress level of 95.1 MPa. In the ligaments
8 body of the coracoclavicular complex, the maximum stress
9 conoid (lig. conoideum) level is much lower and is determined at 52.9 MPa and
10 |trapezoid (lig. trapezoideum) 71.3 M.Pa for lig. conoideum and lig. trapezoideum,
respectively.
11 | superioracromioclavicular ligament | jigaments The distribution of stresses in the bone elements of
(lig. acromioclaviculare superior) . . . . . .
the model in the case of lig. acromioclaviculare inferior
19 |inferior acromioclavicular ligament injury with AEC fixation according to Weber is shown in
(lig. acromioclaviculare inferior) figure 8.
a1, a1,
80 a0
72 72
64 64
56| 56
48 48
40 40
32 32
24 24
16 16
a8 8
0 0
a b

Figure 6 — Normal stress distribution in model elements, where: a — in bone elements; b — in ligaments.
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The use of a steel
wire for fixation of the
AEC allows shifting part
of the load from the lig-
aments to the wire and,
as a result, reduces the
stress level in almost
all control points of the
model, except for the
AEC and the acromial

process of the scapula, a

where the presence
of a thin wire leads to
a significant increase

Figure 7 — Stress distribution in the elements of the model with damage to the lig. acromioclaviculare
inferior, where: a — in bone elements; b — in ligaments.

in stress to 174.6 MPa
and 300.7 MPa, respec-
tively. The wire itself
also experiences signifi-
cant stresses of 582.2
MPa, which exceed
the tensile strength of
the surgical steel from
which it is made, which
may cause its rupture.

a1,
B0
72
04
56
48
40
32
24
16
8
0

However, this allows a

to reduce the stresses
on the ligaments of the
coracoclavicular com-

Figure 8 — Stress distribution in the elements of the model with damage to the lig. acromioclaviculare inferior
at Weber fixation of the acromial end of the clavicle, where: a — in bone elements; b — in ligaments.

plex below the level of
stresses in the model
without damage, name-
ly, on the lig. conoideum
to 28.1 MPa, on the lig.
trapezoideum to 38.2
MPa. Stresses in the lig.
acromioclaviculare su-
perior were determined
at 60.0 MPa, which is

.

3]
80
72
o4
56
48
40
32
24
16
8

0

a1,
80
72
64
56
48
a0
32
24
16
8
0

lower than in the model a

with damage to the lig.
acromioclaviculare in-
ferior without fixation,

Figure 9 — Stress distribution in the elements of the model with damage to the lig. acromioclaviculare inferior
during fixation of the acromial end of the clavicle with a hook plate fixator, where: a — in bone elements;

b —in ligaments.

but higher than in the
normal model.

Fig. 9 shows the dis-
tribution of stresses in
the bone elements of
the model with damage
to the lig. acromiocla-
viculare inferior at fixa-
tion with an AEC hook
plate.

81,
80
72
64
56
48
40
32
24
16
]
0

Compared to the
undamaged model, the

a

hook plate reduces the
stress level in almost all
model control points.
The stress distribu-
tion in the scapula is fairly even, ranging from 11 MPa
along the medial edge to 34.5 MPa along the edge of
the notch. Stresses in all parts of the clavicle are also re-
duced. At the same time, the plate itself is very stressed
(391.0 MPa), and among the fixation screws, the medial
one is the most stressed (138.8 MPa), but these values
do not approach critical levels. All this reduces the stress

Figure 10 — Stress distribution in the elements of the model with damage to the lig. acromioclaviculare
inferior when fixing the acromial end of the clavicle with the proposed construction, where: a — in bone

elements; b —in ligaments.
level in intact ligaments compared to the model without
fixation.

The stress-strain state of the model with damage to
the lig. acromioclaviculare inferior after fixation of the
acromial end of the clavicle with the proposed construc-
tion is shown in figure 10.

The proposed fixator allows to obtain a minimum
level of stress in the clavicle compared to other fixators,
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Table 3 — Stress values in the control points of the
model with damage to the lig. acromioclaviculare
inferior at different variants of fixation of the acro-
mial end of the clavicle

even though it is the only one working in the acromio-
clavicular joint in this case.

Table 3 shows the data on the values of maximum
stresses at the control points of models with damage to
the lig. acromioclaviculare inferior in different variants

o

;| 2 3 4 5 6 7
Control points
Enom m Without m steel
ation

Hook piate B hinge

ators themselves, the
Weber fixation method
showed the worst re-
sults in terms of the
stresses that occur in

Stress, MPa
Control points without| by hook | .. of fixation of the acromial end of the clavicle.
nOrM | tivation | Weber | plate | MNge Comparative stress values at the control points of
1| 193 | 20,2 | 209 | 204 | 21,3 the model with damage to the lig. acromioclaviculare in-
2 | 11,2 11,5 10,6 11,6 9,4 ferior under different variants of AEC fixation are shown
Scapula 3| 325 | 425 | 298 | 345 | 347 in figure 11.
4 | 282 | 251 | 21,9 | 207 | 24,0 The diagram above suggests that all types of fixators
5 | 279 | 257 | 300,7 | 26,6 | 33,9 for lig. acromioclaviculare inferior injury produces ap-
6 | 21,2 | 356 | 1746 | 26,6 | 23,7 proximately the same stress level in the model’s bone
Clavicle 7 3,0 4,3 3,7 3,4 3,8 elements. The exception is Weber fixation, in which the
g8 | 81,8 | 81,8 | 81,8 | 81,2 | 81,0 stresses on the AEC and the acromial process of the
9 | 440 | 529 | 281 | 438 | 386 scapula increase several times, which may cause bone
_ 10| 506 | 71,3 | 382 | 460 | 477 destruction in the area of contact with metal elements.
Ligaments = 39,5 | 951 60 62,5 | 372 The fixator of the proposed construction provides the
12 | 482 lowest level of stresses in the ligaments, especially in
the affected ACJ.
350 The data on the
_ _ stresses in the elements
of the metal structures
- of the model with dam-
% 200 age to the lig. acro-
3 mioclaviculare inferior
g =0 under different variants
® 100 ; of AEC fixation are given
& |” I . in table 4.
ST | T L T— IEH I Ii 1 i I As for the fic
: 10

8

Figure 11 — Diagram of stress values at the control points of the model with damage to the lig.
acromioclaviculare inferior in different variants of fixation of the acromial end of the clavicle.

but in the scapula, there is a decrease in the level of
stress along its medial edge, the edge of the notch and
on the coracoid process, and at the same time an in-
crease along the lateral edge and on the acromion pro-
cess compared to the model without fixation. The plate
on the fixator itself was the most stressed — 393.9 MPa
and 312.6 MPa at the scapula and clavicle, respectively.
It should also be noted that articular fixation reduces
the level of stresses on all intact ligaments below the
level of the normal model, with the minimum stress
value determined in the lig. acromioclaviculare superior,

Table 4 — Stress values in the elements of the metal structures
of the model in case of damage to the lig. acromioclaviculare
inferior with different variants of fixation of the acromial

end of the clavicle

the steel wire and reach
critical values of the
tensile strength of the
surgical steel from which it is made, which can cause
wire rupture and, as a result, loss of stability of the ACJ.

The last stage of the work was to study the values of
relative deformations in the ligaments of the models in
the normal state and case of damage to the lig. acromio-
claviculare inferior, as well as in all variants of fixation of
the acromial end of the clavicle. The distribution pattern
of relative deformations in the ligaments on the model
in normal conditions and with damage to the lig. acro-
mioclaviculare inferior without fixation of the acromial
end of the clavicle is shown in fig. 12.

The study showed that in normal abduc-
tion of the upper extremity, the maximum
relative deformities of 19% are experienced
by the lig. trapezoideum, and the minimum

Stress, MPa —— 12% by the lig.acromioclaviculare superior.

o . 2 g | o | o 3 g Relah\{e defgrmlhes .of Ilg. conoideum anq lig.

VeS| o é % . g = § 2 S| = acromioclaviculare |nfer|<?r are determm:ed
fixation £ | 2 al 5| 2| 2 g | S s s | at 13% and 14%, respectively. When the lig.
= = i:; e = gl 2 2 g acromioclaviculare inferior is damaged, all

=] | £ a| 8| 2| 2 | the loads arising in the ACJ are taken by lig.

3 % | acromioclaviculare superior, which leads to a

by Weber |582,0/131,2|277,8 significant increase in its relative deformation
hook plate 391,0/319,0/138,8 to 29%. The deformities of the ligaments of
hinge 393,9]312,6| 59,7 |118,9] the coracoclavicular complex increase slightly
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to 16% of the lig. conoi- 0,3
deum and 19% of the 0,15
lig. trapezoideum. 013125

Consider how 01125
the values of relative 0,09875

.. . 0,075

deformities of intact g
ligaments are affected 00375
by fixation of the g:u13?5
acromial end of the 0
clavicle. The distribution a b

of relative deformities
in models with different
variants of fixation

Figure 12 - Distribution of relative deformations in the ligaments of the model: a — normal; b — with damage
to the lig. acromioclaviculare inferior without fixation.

of the acromial end 032
of the clavicle in case 015
of damage to the lig. 01312
acromioclaviculare G125
) . . . 0,0937
inferior is shown in 0,075
fig. 13. 005621

The use of Weber 0,0375
fixation allows for 0,0187
reducing the relative 0
deformities of all intact a b c

ligaments. In this case,
the deformities of
the ligaments of the
coracoclavicular complex are reduced below the
normal model values and are determined at 9%
and 12%forlig.conoideumlandig.trapezoideum,

Figure 13 — Distribution of relative deformations in models with injury of lig. acromioclaviculare inferior:
a — Weber fixation; b — hook plate fixation; c — fixation of the proposed construction.

Table 5 — Maximum values of relative deformations
in the ligaments of the models with injury of lig.

acromioclaviculare inferior

respectively. The relative deformities of the Relative deformation, %
lig. acromioclaviculare superior, although also Control points without| by | hook | .
significantly reduced, are determined at 20%. norm |, ation| Weber | plate | ""8¢
The use of the hook plate fixator also allows | ig.conoideum 13 16 9 13 12
to reduce the level of relative deformities in [jigtrapezoideum 19 19 12 14 13
the ligaments of the coracoclavicular complex [ig acromioclaviculare superior 12 29 20 19 11
below the level of the normal model, although it [{ig "3 cromioclaviculare inferior 14
falls short of the Weber
fixation variant, namely 35
up to 13% — at the lig.
conoideum and up to | o *°
14% — at the lig.trap- °d-
ezoideum. At the same | .8 =
time, the deformities | § ,;
of the lig. acromiocla- E
viculare superior donot | 2 15
exceed 19%. 0
The best results | § 10
were obtained using E
the proposed hinge- 2
type fixator, which al- i
lows the reduction of conoideum trapezoideum acromiociavicular superior  acromiociavicular mferior
the relative deformities Without :
on all intact ligaments N SSufos. w7WY Gl

below the level of the
normal model. Data on
the maximum values of
relative deformations in the ligaments of the models are
given in table 5.

The diagram shown in fig. 14 provides a visual rep-
resentation of the ratio of relative deformations in the
ligaments of the models in case of damage to the lig.
acromioclaviculare inferior.

The study’s results show that the proposed hinge-
type fixator showed the best results in minimising the
magnitude of relative deformities in the ligaments of

Figure 14 — Diagram of relative deformations in the ligaments of the models with damage to the lig.

acromioclaviculare inferior.

the acromioclavicular complex in case of damage to the
lig. acromioclaviculare inferior. The greatest ligament
deformities occur with hook plate fixation, although
lower than those of the model without fixation.

Discussion of the research results.

As a result of the study, it was found that all types of
fixators in case of damage to the lig. acromioclaviculare
inferior allow obtaining approximately the same stress
level in the model’s bone elements. The exception is
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Weber fixation, in which the stresses on the AEC and Conclusions.
the acromial process of the scapula increase several Weber fixation of the acromial end of the clavicle
times, which may cause bone destruction in the area  provides good results in terms of reducing the level of
of contact with metal elements. The hinge-type fixator  stresses and relative deformations in intact ligaments
provides the best stress distribution both in the bone byt leads to a several-fold increase in the level of stress-
elements of the model and a sufficiently low level of &5 on the AEC and acromial process of the scapula. The
stress in the intact ligaments. Regarding stress values  stress level in the wire during abduction of the extrem-
in the model elements, the hook plate has good ity in case of damage to individual ligaments is close to
performance in case of isolated ligament injuries and  tphe tensile strength of the surgical steel from which it
occupies an intermediate position in terms of all studied is made, which can cause wire rupture and, as a result,
parameter;. . L loss of ACJ stability.

According to the criterion of minimising the The fixator of the proposed construction provides

magmtudg of rglatlve deforml.t|es in the ligaments of the best result, both by the criterion of stress distribu-
the acromioclavicular complex in case of damage to the L .
tion in the model elements and by the value of relative

lig. acromioclaviculare inferior, the proposed hinge-type def i in intact »
fixator showed the best results. The greatest ligament elormations in Intact connections. .
The hook plate fixator occupies an intermediate po-

deformities occur with hook plate fixation, although . ] N,
lower than the model without fixation. Although Weber sition according to all the studied indicators and can be

fixation also allows the reduction of the level of relative ~ the method of choice in case of injury of lig. acromiocla-
deformities of intact ligaments below the level of the  Viculare inferior.

model without fixation, and in the ligaments of the Prospects for further research.

coracoclavicular complex even below the normal model, The stress-strain state of the acromioclavicular joint
the stress distribution in this model calls into question  is planned to be studied in case the ligaments of the
the feasibility of using this technique. coracoclavicular complex are damaged.
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Mpu susuxax akpomianbHo2o KiHuA karovuui (AKK) lioeo cmabinizayis peanizyemoscsa 080Ma WASXAMU: KAOYUUS
— 03b060M00i6HUL BIOPOCMOK, KAOYUUA — aKpomiansHuli gidpocmok. Pikcauis AKK 0o akpomianbHo20 8idpocmky
710M1aMKU € piopumemHoro.

Mema: nposecmu nopisHAnbHUl aHAni3 ikcayii akpomianbHo20 KiHUA Kawovuyi 3a Bebepom, hook plate
ma 3anpornoHOBAHOIO KOHCMPYKUIEID, WAAXOM BUBYEHHA HAMpPyxeHo-0ehopMoB8aHO20 CMAHY HAOM/1e4080-
KAoYu4YHOo20 cyanoba npu ywkooxceHHi lig. acromioclaviculare inferior npu pisHux cnocobax gikcayii.

MobydosaHa CKiHYEeHO-eneMeHmMHA MoOesnb HAOMAeY080-KAIOYUYHO20 Cy2n106a. Mooentosanu yuKoOMeHHS
lig. claviculo-acoacromiale inferior, a makoxc ¢ikcayito AKK mpooma criocobamu: 3a Bebepom, hook plate ma
30MponoHOBAHOK KOHCMPYKUIEHO.

Bci munu ¢ikcamopie 3ab6e3neyyroms npubsnu3Ho 00HAKOB8UU piseHb HAMpPy#eHb 8 KiCMKosuUX enemeHmax
moderi, ane npu gikcauyii 30 Bebepom HANpPyHeHHA 8 30HaX KOHMakmy 3 dpomom Ha AKK ma Ha akpomianeHomy
8UPOCMKY 0MNAMKU 36inbUWyoOMbCA 8 OEKifNbKA pasis, Wo Moxe 6ymu npuvyuHor pylHYy8aHHA KICMKOBOTI MKAHUHU.
Halikpawyuli po3modin HanpymeHs, AK 8 KICMKOBUX eneMeHmMax MoOeni, MaK i 8 HeyWKoOHeHuUX 38'A3Kax 3abe3nevye
hikcamop wapHipHo2o muny. BiH »e € Kpawim i 3a Kpumepiem MiHimi3auii eeanudyuHu 8i0HOCHUX degopmauil.
3HU3UMU pigeHb 8iOHOCHUX OeghopMayili HeyWKOOXeHUX 38'A30K Hux4ye pieHA mooleni 6e3 ¢pikcayil 0o3eonse
ghikcayia 3a Bebepom, ane noKasHUKU po3mnoodiny HanpyxeHos 8 0aHoi Mooesni cmasaame Mnio NUMAaHHA 00UyinbHICMb
BUKOPUCMAHHSA yiei memoOuKu. [TpomixcHe rosaoxeHHs 3a 8CiMa 00CAIO#eHUMU NMOKAa3HUKamu 3aliMae gikcamop
hook plate.

dikcauis akpomianbHO20 KiHUA Kao4uyi 30 Bebepom 3abe3rneqye 2apHi pe3ynomamu 3a Kpumepiem pieHs
HanpyxeHs i 8BiOHOCHUX dehopmayili 8 HEYWKOOHeHUX 38'A3Kax, ase npu3zsodums 00 NidsUWEHHS 8 KinbKa pasie
pisHA HanpyxeHb Ha AKK ma akpomiansHomy sidpocmky aonamku. ®@ikcamop 3anpornoHo8aHoi KOHCMpPYKYil
3abe3neyye Halikpawul pe3yanbmam, AK 30 Kpumepiem po3rnodiny HAMpy#ceHb 8 enemeHmax moodesni, mak i
30 8e/nU4YUHOK BIOHOCHUX Oegopmayili 8 HeywKoOMweHUX 38'A3kax. ®ikcamop hook plate 3alimae npomirHe
0103 EHHA 30 8CIMA O0CAIOHEHUMU MOKA3ZHUKAMU.

Knro4voei cnoea: HaOMN1e4o080-KAYUYHUL cyenob, 38'a3Ku, ikcauis.
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38’A30K ny6niKauii 3 n1aHOBMMMU HAayKOBO-A0CAIA-
HUMU poboTamu.

PoboTa BMKOHaHa B pamkax HAP «Po3pobuTtn meto-
M paLioHaNbHOrO NiKyBaHHA BOrHENA/IbHUX Nepesiomis
KiHLIBOK Ha NiAacTaBi BMBYEHHA Npouecy pereHepawii
TKaHMH» Ne geprkpeecTpauii 0123U104220.

Bctyn.

BuBMxM akpomianbHoOro KiHua katoumui (AKK) € go-
BOJIi NOWIMPEHMUM TPABMATUYHUM MOLLKOANKEHHAM ana-
paTy pyxy Ta onopw i 3a AaHWMM Pi3HUX aBTOPIB CKAa-
natoTb Big 3% A0 26,1% BiA, BUBMXiB iHLWIMX TIOKaNi3aLin
i 6ina 10% B CTPYKTYpPi rOCTPMX NOLIKOAKEHD N1€40BOr0
noscy, 3aimatoumn TpeTe Micue nicaa BUBMXIB naeya Ta
nepegnnivyya. 3ycTpivyatoTbCA MEpPeBa*KHO Y YONO0BIKiB
MONI0A0r0, HalbiNbW Npaue3nsaTHOro BiKy, WO 3yMOB-
JIIOE coLiasibHy 3HAYMMICTb AAHOTO NOWKOAKeEHHSA [1].

KOHKYpYylOUMMM MeTasieBUMMN KOHCTPYKLiAMM ANs
3abe3neyeHHs o¢ikcauii € raykonogibHa nnactMHa —
hook plate, sanponoHoBaHa Fade G. E., Scullion J. E.
(2002) [2] Ta cnoci6 Bebepa (tension band wiring) [3].

KoKHWI cnocib 3acTocyBaHHA MeTaneBUX KOHCTPYK-
it Ma€e CBOI NepeBarun Ta HeAOiKM.

YUMHHMKAMWM He3aZO0BiIbHUX pe3ynbTaTiB onepaTus-
HOrO NiKyBaHHA BUBUXiB aKPOMIiaNbHOIO KiHUA KO-
yuui Npw 3acTocyBaHHi cnocoby Bebepa € nopyLlueHHA
LinicHOCTi ApOTy Ta WNULUb, pylHaLia akpomianbHOro
BiAPOCTKY /NIONATKM Ta aKPOMIaZIbHOTO KiHUA KAKOUMLL,
Mirpauia Wwnuub, AKi 3yMOBAEHI MeXaHiYHMMWN BIACTU-
BOCTAMMW AaHUX KOHCTPYKLiN [4].

Cepep, Heponikis BUuKopucTaHHA hook plate: 6inb B
nseuvi, pyrHauia KicTKoBOi TKAHWMHU 0COBMBO B AiNsAHL
aKpPOMiafIbHOTO BiAPOCTKA Ta cybaKpomianbHUIA KOH-

HKC, sika cknaganaca 3 fonaTkM, KA4uLi Ta 3B'A30K
HaZANNeYOBO-KAUMYHOTO Ta  A3b06OO0-KAUYMYHOTO
Komnnekcis (puc. 1).

B faHOMy AOCAiAXKEHHI MOAENOBANN YLWIKOAKEHHSA
3B’A30K HAaANNEYOBO-KAOUMYHOrO cyrnoby, a came lig.
acromioclaviculare inferior (puc. 2).

Mpwn KOKHOMY BapiaHTi ylWKoarKeHHs 3B’A30K HKC
mogentoBanu ¢Gikcalilo akpoMiasbHOIO KiHUA Katounui
(AKK) Tpboma cnocobamu: 3a Bebepom, hook plate Ta
3anpornoHOBaHOM KOHCTPYKLieto [6] (puc. 3).

Mpy moaentoBaHHi maTepian BBaXKa/M O4HOPIAHUM
Ta i30TponNHMM. B AKoCTi CKiHYeHOro enemeHTy 6yB 06-
paHuit 10-By3710BUIA TeTpaeap 3 KBAaAPATUYHOK anpok-
cMMmaLieto. MexaHiyHi BNacTMBOCTI maTepianiB Bigibpa-
HO 3 gskepen nitepatypu [7, 8, 9, 10, 11]. BukopucTaHi
xapakTtepuctnkn (E — moaynb npyxHocTi KOHra, v — Koe-
oiuienHT MNyaccoHa) HaBeaeHi B Tabnuui 1.

Mpv npoBegeHHi AOCAIAXKEHHA MOLENIOBANM Ha-
BaHTa)KeHHA, fKi AitoTb Ha HKC cyrnob npwu BigseaeHHi
BEPXHbOI KiHLiBKM Ha KyT 90°. [lo Moaenei npuknaganm
CUAK, AKi iMiTyBanu gito m’A3iB: cepeaHA nopuis Aenb-
ToBMAHoro m’asy (middle deltoid) — 173,4 H, nepeaHs
nopujisa genstoBuaHoro m’ssy (anterior deltoid) — 121,9
H, cepegHs nopuia aenbtoBugHoro m’asy (posterior
deltoid) — 371,3 H, HagocTucTuit M’a3 (supraspinatus) —
190,7 H, nianonaTtkoBuit m’as (subscapularis) — 1029,8
H, nigoctuctuii m’as (infraspinatus combined) — 55,6 H
[12]. Cxema HaBaHTaXKeHHs Moaeni HaBeaeHa Ha PUCYH-
Ky 4.

[1a NOpiBHAHHA BEIMUYMH HANPYKEHb B e/leMeHTax
MmoZenein 3 pisHUMKU YLWKOAXKEHHAMM Ta BapiaHTaMu
diKcauii 6ynn obpaHi KOHTPO/bHI ToYKM. Cxema po3Ta-

a 0

B

PucyHOK 1 — Mogenb nneye-10NaTKOBOro 3UNeHYBaHHs, Ae: a — BUZA Y GPOHTaNbHII NnoWuMHi; 6 — caritanbHiil; B — BUA 3BepXy.

o&nikT [5].

Henonikn cyyacHux ¢ ikcytoumx KOHCTPYKLiN Hera-
TMBHO BN/IMBAOTb HA Pe3yabTaTu NiKyBaHHA, WO noTpe-
bye po3pobKy HOBITHIX 3acobiB.

Merta gocnigKeHHs.

MpoBecTn NopiBHANbHUI aHani3 dikcauii akpomi-
aNbHOTO KiHUA Katouumui 3a Bebepom, hook plate Ta
3anNpOMNOHOBAHOK KOHCTPYKLIEID, LUIAXOM BWUBYEHHA
Hanpy»KeHo-aepopMOBaHOro CTaHy HaZNAe4YoBO-KH0-
YMYHOro cyrnoba Npu YWKOAKEHHI HUKHbOIT Hagnie4vo-
BO-KNtoUMYHOI 38’a3KK (lig. acromioclaviculare inferior)
npu pisHMx cnocobax ¢ikcalii.

O6’eKT i meTOoaM AOCNIAKEHHA.

B nabopatopii biomexaHiku AY «IHCTUTYT natonorii
xpebTa Ta cyrnobis im. npod. M.l.CuteHka HAMH Ykpa-
iHM» Byna nobyaoBaHa CKiHYEHO-efleMeHTHa MOAENb

PucyHoK 2 — BapiaHTu mopaeni 3 ywkogeHam lig.
acromioclaviculare inferior.
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T

a

PucyHok 3 — Mopgeni 3 dikcauiero akpomianbHOro KiHuA Kntouumui, ae: a —3a Bebepom; 6 — pikcatopom hook plate; B — pikcatopom
3anponoHOBAHOI KOHCTPYKLii.

'

PUCYHOK 4 — CxeMa HaBaHTaXKeHHA mogeni.

Tabnunua 1 — MexaHiuHi XapaKTepUCTUKU BUKOPUCTAHUX

Po3nopin HanpyeHb B KiCTKOBUX efleMeHTax Mogei B
HOpPMi HaBeAEeHMI Ha puc. 6.

MpoBeaeHe AOCNIAKEHHA [03BOMINAO BU3HAYUTY,
O B ymOBax HeywkoaxeHux 38’a3ok HKC BiaseneH-
HA BEPXHbOI KiHLIBKM BUK/IMKAE HAMpPYXKEHHA enemeH-
TiB MogZeni, AKi HabyBalOTb MaKCMMa/IbHOTO 3HAYEHHSA
81,8 Mla B cepeAHilt YacTUHI KNOUUL,i, @ MiHIManbHUI
piBeHb HanpyeHb 3,0 MIa cnocTtepiraeTbca Ha ii rpy-
OVMHHOMY KiHUi. Ha nonatui Habinblw HanpyXeHum
npyeHHa 11,2 Mla BMHMKaAOTL MO i megianbHoOMy
Kpato. Cepen, 3B'A30K HaMbinbWKi piBeHb HAMpPy*KeHb
3adikcoBaHo Ha lig. trapezoideum — 50,6 MIMa, HANHWUK-
unit Ha lig. acromioclaviculare superior — 39,5 Mra.

Opyrum etanom poboTH BMBYAAM 3MIHW HaMpyKe-
HO-A4edOpPMOBaAHOro CTaHy MoAenNi B pe3ynbraTi yLKo-
OxkeHb 38’a30K HKC. KapTuHa po3noginy HanpyKeHb
B Mogeni 3 ywkogkeHHam lig. acromioclaviculare

martepianis NP
inferior HaBepeHa Ha puc. 7.

Marepian Mogaynb npyxHocti|  Koed. Mm:’;‘:ﬁ Pospus lig. acromioclaviculare inferior npu-
lOHra E, MIMa MyacoHa, v Mna " | 3B0AWTb 4O MiABMLLEHHA PIBHA HaMpPyMKeHb Y BCiX

KopTHKanbHa KicTKa 18350,0 0,3 170,0 enemeHtax mogeni. Cepes KiCTKOBUX e/leMeHTiB
[y6uacTa KicTka 1040,0 0,3 10,0 MaKCMMasIbHUIA piBeHb HanpyxeHb 81,8 MMa Bu-
38'93KN 330,0 0,4 3HAYaETbCA B Ti/li KNKOUKL, MiHiManbHK1 — 4,3 MMa
XpAw 5,58 0,44 Ha il rpyaMHHOMY KiHUi. B nonatui HaNPy>KeHHA cA-
XipypridHa ctanb AlSI 500000 030 <050 ratoTb Makcmmymy 42,5 MMa no Kpato BUIMKM. |V|IH!:
316l ’ ! ManbHi HanpyxeHHa 11,5 MlMa Bu3Ha4vatoTbecA no i

LYBAHHA KOHTPOJbHMX TOYOK HaBeAeHa Ha PUCYHKY 5
Ta B Tabnuu,i 2.

PeectpyBann makcMmanbHUI piBeHb HanpyXeHb B
3B’A3Kax, KICTKOBMX eNemeHTax Ta Ha MeTaseBUX KOH-
CTPyKUiax. OKpim TOro, BMBYaAM BEANYMHU BIJHOCHMX
nedopmauin B 38’A3Kax.

mefjianbHOMY Kpato. B nopiBHsAHHI 3 mogennto 6e3
YWKOAXKEHb, Ha BCiX HEYLKOAXKEHUX 3B’A3Kax piBeHb
Hanpy»KeHb 3HAa4YHO 3POCTaE. MaKcMManbHO Hanpy:e-
HOM BM3Ha4aeTbcA lig. acromioclaviculare superior —
95,1 Mra. B 38’A3Kax A3b060-KJOUYNMYHOFO KOMMIEKCY
MaKCUMa/IbHWUI PiBEHb HAMpy)KeHb 3HAYHO HUXKYMIA i

MNobypoBy moaeni 3ain-
CHIOBaNM B Mporpami
SolidWorks [13]. Pos-
paxyHKM  Hanpy»xeHo-
nebopMoBaHOro CTaHy
moaenem  BUKOHYBanu
3 BMKOPWUCTaHHAM Mpo-
rpamu ANSYS [14].

Pesynbtatn pochi-
DOXKEHHSA.

Ha nepwomy eTtani
pobotn 6yB nposeae-
HWI aHani3 HanpyKeHo-

12 n 9 1%
8
2
1

7

nedopmoBaHOro CcraHy a
mogaeni 6e3 yLWKoaKeH-
HsA 3B’A3KOBOrO anapary.

PUcyHOK 5 — Cxema po3TallyBaHHA KOHTPO/IbHUX TOUYOK: a — BUA cnepeay; 6 — BuA 3sepxy.
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BM3HAYaAETbCA Ha NO3Hau4Kax 52,9 Mla 1a 71,3 MTlla ana

Tabnuua 2 — KOHTPONbHI TOUKK

lig. conoideum Ta lig. trapezoideum, BianosigHo. KoHTponbHi ) } ErEarT
PO3MOAIN HaMpyeHb B KiCTKOBUX €leMeHTax Mo- TOUKM ASEIEARREIRAETLE] mogen
feni npu ywkogxeHHi lig. acromioclaviculare inferior 3 1 NaTepanbHuit Kpaii
¢ikcauieto AKK 3a Bebepom HaBeaeHO Ha PUCYHKY 8. - .
BukopucTaHHA cepkaaxkHoro apoty ana dikcauii AKK 2 MEAaNIoRVN Kpan
[,03BOJIAE NEPEKNaCcTM YaCTUHY HaBaHTAXKEHHS 3i 3B8"A30K 3 BWUIMKa 10NaTKK nonaTtka
Ha APIT, i, AK HACNIAOK, 3HN3UTU PiBEHb HAMpPYXXeHb Npak- 4 A3b060M04i6HMI BiAPOCTOK
TUYHO Y BCiX KOHTPOJIbHUX TOYKax MoAe/i 38 BUHATKOM ) o
. . 5 AKpOMIanbHUU BIAPOCTOK
AKK Ta akpomianbHOro BUPOCTKa 10NaTKK, e HAABHICTb
TOHKOro ApOTYy NPU3BOAUTL A0 3HAYHOrO MiABMULLEHHA 6 aKpomiasbHUI KiHeLb
Hanpy»eHb go 174,6 MMa Tta 300,7 MMa, signosigHo. 7 FPYAMHHWIA KiHelb KH0uMLA
Cam 4piT TAaKOXK 3a3HAE 3HAYHI Hanpy»xeHHA 582,2 MMMa, -
AKI MepeBULLYIOTb MeXy MILHOCTI XipypriyHoi cTani 3 8 o
AKOI BiH BUFOTOBJ/IEHUI, O MOKE BYTM NPUYMHOIO MOro 9 KoHiuHa (lig. conoideum)
po3pusy. OgHaK, ue A03BONAE 3HU3UTU HaMpPyXKeHHA 10 Tpaneueenoai6bHa
Ha 3B’A3Kax A3b060-KAHOUMYHOIO 3USIeHYBAHHA HUXKYe (lig. trapezoideum) -
piBHA Hanpy»eHb B Mogeni 6e3 ywKoaxKeHb, a came 1 BEPXHA HaAM/1e40BO-KNI0UMHA
Ha lig. conoideum go 28,1 MMa, Ha lig. trapezoideum (lig. acromioclaviculare superior)
no 38,2 MMa. HanpyxeHHa B lig. acromioclaviculare 12 lig. acromioclaviculare inferior
81,
g0
72
4
56|
48
40
32
24
16
8
0
a 0
PUCYHOK 6 — Po3nogin Hanpy)XeHb B enemeHTax Mmogesi B HOPMi, Ae: a — B KiCTKOBUX efieMmeHTax; 6 — B 38’A3Kax.

: 1]
superior BWM3Ha4YalOTb- a0
cA Ha pisHi 60,0 MTMa, 72
WO HUXKYE 33 MOAenb A
3 ywKoaKeHHAM lig. ig
acromioclaviculare 40
inferior 6e3 ¢ikcauii, 3z
ane BULLE HiX B mogeni ge
B HOPMi. :36

Ha pwuc. 9 Hase- 0
OeHO  po3nogin  Ha-
Npy>KeHb B KiCTKOBUX a 0
e/ieMeHTax mogaen! PuUcyHOK 7 — Po3nogin Hanpy»KeHb B enemeHTax mogaeni 3 ywkogeHHam lig. acromioclaviculare inferior, ge:
3 ywKoaKeHHAM lig. a — B KiCTKOBMX eflemeHTax; 6 — B 3B’A3Kax.
acromioclaviculare o7,
inferior npu  odikcauii 80
AKK hook plate. B ;i
B nopiBHAHHI 3 Mmo- | | =
aennto 6e3 ylWKoaKeHb u a3
hook plate po3Bonse a0
SHU3UTM PiBEHb Hanpy- :i
YKeHb NPaKTUYHO B YCiX 15
KOHTPONbHUX  TOYKax 8
mogeni. [lpun  ybomy 0
pO3MoAin  Hanpy»KeHb . 5
B JNonaTyi A0CTaTHbO

pisHuin  Big 11, MMa

PucyHoK 8 — Po3nogin HanpyeHb B enemeHTax mogei 3 ywkoakeHHsam lig. acromioclaviculare inferior npu

no mepgiabHOMY Kpato diKkcauii akpomianbHOro KiHua Katoumui 3a Bebepom, ge: a — B KiCTKOBUX enemeHTax; 6 — B 38’A3Kax.
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a1,
80
72

81 3HMXKEHHA piBHA Hanpy-
eHb No il meaianbHO-
g1| MY Kpalo, Kpato BUIMKK
s6| i Ha A3bobonoaibHomy
48| BMpOCTKY Ta opHovac-
HO NigBULLYETbCA MO
24| NnatepanbHOMYy Kpato i
16| Ha akpomiasbHOMY BU-
8 | pocTKy B NOPIBHAHHI 3
mogennto 6es dikcauii.

a

o Ha camomy dikcaTopi

PucyHoK 9 — Po3nogin Hanpy)XeHb B enemeHTax mogei 3 ywkomkeHHam lig. acromioclaviculare inferior
npu dikcauii akpomianbHOro KiHua knoumui pikcatopom hook plate, ge: a — B KicTkKoBUX enemeHTax; 6 — B

HanbinbL HanpyKe-
HOl BMABMAWCA Naac-

3B’A3KaX. TMHa — 393,9 MIla i
i) & 312,6 MI'Ia.Ha 'nonaTu,i
a0 go| T@ KAOuMUi, Bignosia-
72 72| HO. TaKOX cnig BigmiTn-
:‘; g‘é TW, WO WapHipHa ¢ikca-
. 25| UiA AO3BONAE 3HW3UTM
40 a0/ PiBEHb HanNpyXeHb Ha
32 32| BCix HeyLIKOAMXKEHNX
f: i‘; 38'A3KaX HIDKYE iBHA
g g | MoAaeni B Hopmi, npu
0 o | ubomy MiHiManbHe

3HAYEHHA HamnpyKeHb
a 0 BM3HAYAETbCA Came B

PucyHok 10 — Po3nogain Hanpy:xeHb B eieMeHTax Mogeni 3 ywkoaKeHHam lig. acromioclaviculare inferior
npu ¢iKcauii akpomiaNbHOro KiHLUA KAOYMLL 3aNPONOHOBAHOIO KOHCTPYKLiED, Ae: a — B KiCTKOBUX

enemeHTax; 6 — B 38’A3Kax.

Tabnnua 3 — BeAMUMHU HanpyKeHb B
KOHTPOJIbHUX TOYKAX MoAei 3 YIWKOAKEHHAM lig.
acromioclaviculare inferior npu pisHux BapiaHTax

dikcauii akpomianbHOro KiHuA KAUULi

. Hanpy»eHHsa, Mla
KoHTponbHi
TOYKM HOpMa .6e3 3d gl WapHip
dikcauii Bebepom| plate
1 19,3 20,2 20,9 20,4 21,3
2 11,2 11,5 10,6 11,6 9,4
JNlonatka | 3 32,5 42,5 29,8 34,5 34,7
4 28,2 25,1 21,9 20,7 24,0
5 27,9 25,7 300,7 26,6 33,9
6 21,2 35,6 174,6 26,6 23,7
Knwounuysa| 7 3,0 4,3 3,7 3,4 3,8
8 81,8 81,8 81,8 81,2 81,0
9 44,0 52,9 28,1 43,8 38,6
10 50,6 71,3 38,2 46,0 47,7
3B’A3KM
11 39,5 95,1 60 62,5 37,2
12 48,2

00 34,5 MMMNa no Kpato BUIMKK. TaKOXK 3HUKYIOTbCA Ha-
NPYXEHHA B YCiX YaCTMHAX Katouuui. Mpun ybomy, cama
NAacTUHA BUABNAETLCA AyXe HanpyxeHoto 391,0 MMMa,
a cepes OiKCytOUMX TBUHTIB HaWbiNbl HanpyKeHUMm
€ megianbHuit — 138,8 MIMa, ane Ui NOKa3HMKKU He Ha-
B6AVKYIOTBCA [0 KPUTUUYHUX MO3HAYOK. Bee Le fo3Bonse
3HU3UTU PiBEHb HAMPYKEHb B HEYLUIKOAMKEHUX 3B’A3KaX
B NMOPIiBHAHHI 3 Moaennto 6e3 dikcauii.
HanpyeHo-aebopMOBaHUI CTaH MoAeni 3 YLKOo-
nxeHHam lig. acromioclaviculare inferior npu dikcauii
AKPOMIa/IbHOTO KiHUA KAKYULi 3aNpONOHOBAHOK KOH-
CTPYKLLi€EO, HaBeAeHO Ha PUCYHKY 10.
3anponoHoBaHui dikcaTop [O3BONSAE OTPUMATH Mi-
HiMafIbHUI piBEHb HaMPY*KeHb B KAOYUL, B NOPIBHAHHI
3 iHWKMMK diKcaTopamum, ane B N0ONATLi CNOCTEPIraeTbea

lig. acromioclaviculare
superior He 3Baarouu
Ha Te, WO BOHa B Aa-
HOMY BWMMaZKy Mpautoe
0o4Ha B HAANNEYOBO-KAKOUYUYHOMY Cyrnobi.

JaHi npo BeAWMYMHM MAKCMMANbHUX HaMpy*KeHb
B KOHTPOJIbHMX TOYKaX MoAesiel 3 YLWKoAKeHHAM lig.
acromioclaviculare inferior npu pisHux BapiaHTax dikcauii
aKpOMiasIbHOTO KiHLA KNoYMLI HaBeaeHi B Tabauui 3.

MOpPiBHANBLHI BEIMYUHM HAMPYKEHb B KOHTPONbHUX
TOYKax mogeni 3 ywKogxeHHam lig. acromioclaviculare
inferior npu pisHux BapiaHTax ¢ikcauii AKK npeacrasne-
Hi HA PUCYHKyY 11.

HaBegzeHa fiarpama f03BONAE CTBEPANKYBATH, LLO BCI
TMNK pikcaTopiB NpM ywKoaKeHHi lig. acromioclaviculare
inferior £O3BONAIOTL OTPUMATU NPUBANU3HO OAHAKOBUI
piBEHb HAMPYXeHb B KICTKOBUX enemeHTax moaeni. Bu-
HATKOM € diKcaLina 3a Bebepom, npu AKOMY HanpyKeHHA
Ha AKK Ta Ha akpomia/ibHOMY BUPOCTKY 1I0NATKM 36i/1b-
LIYIOTbCA B AeKisibKa pasiB, WO Moxe 6yTu npuUnHOO
PYMHYBAHHA KIiCTKOBOT TKAHUHM B 30HI KOHTAKTY 3 MeTa-
NneBUMM enemeHTamun. HalHUNKUMIN piBEHb Hanpy*KeHb
B 3B’A3Kax, ocobnmBo B ypaxeHomy HKC, 3abesneuye
¢diKkcaTop 3aNpPONOHOBAHOI KOHCTPYKL,ii.

[aHi Npo BeAWYMHU HanpyKeHb B e/eMeHTax me-
TaNieBUX KOHCTPYKUi Moaeni 3 ywkoaxkeHHAm lig.
acromioclaviculare inferior npwu pisHux BapiaHTax ¢ikca-
uii AKK HaBegeHi B Tabnuui 4.

Lo ctocyeTbca camux dikcatopis, To meTon, ¢ikca-
Lii 3a Bebepom nokasas Halripwnii pesyanbTati ¢ TOYKK
30pYy BE/IMYUH HAMpPYKEHb, AKi BUHWKAOTb B CEPKAANK-
HOMY ApPOTi i HAabyBaOTb KPUTUYHUX MOKA3HUKIB MEXKi
MILHOCTI XipypriyHoi cTani 3 AKOI BiH BUIOTOBMAETLCA,
O MOKe CTaTW NPUYMHOI0 PO3PUBY APOTY i, AK HACAI-
[OK, BTpaTh cTtabinbHocTi HKC.

OcTaHHIM eTanom poboTW BUBYANU BEAUYUHU Bif-
HocHUX Aedopmadlii B 3B’A3Kax Mogenert B HOpMi Ta
npu ywkoaxeHHi lig. acromioclaviculare inferior, a
TaKOX Npu BCix BapiaHTax ¢iKcaw,ii akpomianbHOro KiHuA
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Kntounui. KaptuHa pos- 350
noAainy BIAHOCHWUX Ae-
dopmauii B 3B’A3Kax
Ha mogeni B Hopmi Ta
npu  ylWKoaXeHHi lig.
acromioclaviculare
inferior 6e3 ¢ikcauii
AKpPOMiaNbHOro  KiHUA
K/OUMLi HaBedeHa Ha
puc. 12,

MNpoBeaeHe no-
CnigMKeHHA nokasa-
o, WO B HOpmi npwm
BigBeAeHHI  BepXHbOIl
KiHUIBKM  MaKCMManb-

300

HanpysexHa, MMa
| e s [
w o w
Q Q (=)

=
=}
(=]

50

1

T | T |___||“|II|||“ |II||
5 6 7 ) 9 10 11 12

2 3 4
KoHTPONBHI TOYKKM

®mHopma M Ee3 dikcauii W Ceprasm Hook plate  m Wapkip

Hi BigAHOCHI pedopma-

PucyHoK 11 — [liarpama BeNMUUH HaNpPyKeHb B KOHTPONIbHUX TOUYKAX MOZeni 3 yLKoAKeHHAM lig.

uii 19 % sunpobye lig. acromioclaviculare inferior npum pizHux BapiaHTax diKcawii aKpOMiaNbHOrO KiHLA KAoumnLj.

trapezoideum, MiHi-

ManbHi 12% — lig. acromioclaviculare
superior. BigHocHi pedopmauii lig.
conoideum Ta lig. acromioclaviculare
inferior BM3HavatoTbCA Ha piBHI 13%
Ta 14%, signosigHo. Mpwu ywKoaKeH-
Hi lig. acromioclaviculare inferior Bci
HaBaHTaXXeHHSA, AKi BUHMKatoTb B HKC
bepe Ha cebe lig. acromioclaviculare
superior, WO MNpPW3BOAMTL [0 3Ha-
YyHoro 36inbweHHA Ti  BiAHOCHOI
pedopmauii o 29%. [edopmadii
3B'A30K [A3b06O-KNHOYMYHOTO 34/ie-
HyBaHHA 36iNblUyOTbCA  HE3HaYyHO
0o 16% lig.conoideum Ta go 19% lig.
trapezoideum.

Po3srnsHemo, AK BN/IMBA€E Ha BEAMYMHMU BiAHOCHUX

Ta6nuua 4 — BeaMUUHU Hanpy»KeHb B e/1IeMeHTax MeTaseBux
KOHCTPYKLiA moaeni npu nowKoaxeHHi lig. acromioclaviculare infe-
rior npm pisHMx BapiaHTax ¢iKkcauii akpoMiaNbHOrO KiHLA KAounui

Hanpy»xeHHa, MMMa

BapiaHTu dikcauii

ApiT
WnNuuA nepegHs
WNULUA 3agHA
naacTuHa
natepanbHi rBUHTU
mefianbHi FBUHTU
naacTuHa nonaTka
naacTMHa Kaunua
rBMHTWU Ha AonaTui
TBUHTU Ha KAOYULL

=
N

3a Bebepom 582,0(13 277,8

hook plate 391,0|319,0(138,8

LapHip 393,9|312,6| 59,7 |118,9

aedopmauii B 38’A3Kax A3b060-KAOYMYHOTO 3UNeHy-
BaHHA HUWXK4Ye PiBHA MoOZeni B HOPMI, Xxo4ya i He AoTA-

aedopmauii HeywKoaKeHMX 3B’A30K ¢iKcauis akpo-

MianIbHOrO KiHUA KAatouuui. Po3noain BiAHOCHUX Ae-

rye A0 BapiaHTy dikcauii 3a Bebepom, a came go 13%

dopmaLiii B mogenax 3 pisHMMK BapiaHTamu oikcauii  — Ha lig.conoideum i go 14% — Ha lig.trapezoideum. Mpu
aKpOMiasbHOTO KiHUA KaouMui npu ywkomkeHHi lig.  yromy gedopmadii lig. acromioclaviculare superior He

acromioclaviculare inferior HaBegeHo Ha puc. 13.

3actocyBaHHA  OiK-

nepesuLLYOTb NO3HaYKM 19%.

cauji 3a Bebepom go-
3BONAE 3HU3UTM BIA-
HOCHI nedbopmau,ii
BCiX HeyLKOAMeHMX
38’A3kax. [lpu upomy
aedopmauii 3B’A30K
43b060-KNOYNYHO-
ro 34Y7eHyBaHHA 3HU-
KYIOTbCA  HWUXKYe Mo-

03
0,15
013125
01125
0,00375
0,075
0,05625
0,0375
0,01875
0

Ka3HMKIB  mogeni B

a 0

HOPMI, i BU3Ha4atoTbCA
Ha piBHi 9% Ta 12%

PucyHok 12 — Po3nogin BigHOCHUX aedopmauiii B 38’A3Kax mogeni: a — B HOpmi; 6 — npu ywkoaKeHHi lig.

acromioclaviculare inferior 6e3 ¢ikcauii.

ona  lig.conoideum |
Ta ig.trapezoideum,
BignNoBiAHO. BigHoc-
Hi  pedpopmauii  lig.
acromioclaviculare
superior Xxo4a TaKOMX,
3HaYHO 3HWXKYHOTbCA i
BM3HAYalOTbCA Ha no-
3Hayui 20%.

03
0,15
01312
0,1125
0,0037
0,075
0,0562
0,0375
0,0167
0

BUKOpMCTaAaHHA
¢dikcatopa hook plate

a

0 B

TAaKOX [O03BONIAE 3HU-

PucyHok 13 — Po3nogin BigHOocHMX aedopmauiii B moaensax npu ywkoaKeHHi lig. acromioclaviculare inferior:

3UTWN piBEHb BiAHOCHMX a — dikcauis 3a Bebepom; 6 — pikcatop hook plate; B — pikcaTop 3anponoHOBaHOT KOHCTPYKLI.

ISSN 2077-4214. Bichuk npo6nem 6ionorii i meguuunn — 2024 — Bun. 1(172) / Bulletin of problems in biology and medicine — 2024 - Issue 1 (172) 341



METOAU TA METOAWKU / METHODS AND METHODOLOGIES

Tabauua 5 — MakcumanbHi BeIMUMHU BiAHOCHUX
pedopmaluiiii B 38’a3Kax mogeneit npu ylwKoaxeHHi lig.

acromioclaviculare inferior

WwapHipHoro Tuny 3abesnevyye HaMKpaLWmii pos-
noAin Hanpy)eHb, AK B KiCTKOBWUX enemeHTax
mozeni, TaK i LOCUTb HU3bKIl piBEHb Hanpy*KeHb

- : B HeyLKoasKeHux 38'a3Kax. Hook plate, 3 Touku

BiaHocHa aedpopmauis, % .

30pYy BEIMYMH HaNpPYXeHb B e/IeMeHTax Mogeri,

KOHTpOAbHI TOUKM e 6e3 |3aBe-| hook W Ma€ HenoraHi NOKa3HWKW NpU BiJOKPEMIEHUX

dikcauii [6epom| plate YWKOOMKEHHAX 3B’A30K | 3aiMaE NMPOMiKHe no-

lig.conoideum 13 16 9 13 12 | /IOXeHHA 33 BCiMa AOCAIAEHMMN MOKa3HMKa-
MMU.

lig-trapezoideum 19 19 12 14 13 3a KpuTepiem MiHimi3aLii BeaMuMHM Big-

lig. acromioclaviculare superior | 12 29 20 19 11 | HocHuX JedopmaLiint B 3B'A3KaxX KAYUYHO-/10-

lig. acromioclaviculare inferior | 14 MaTKOBOTO 34/IEHYBAHHA MPU YLIKOAKEHHI lig.

acromioclaviculare inferior Kpawi pesynbratu

vl

BigHocHa pegopmauia, %

25
20
15
10 N
ol !
5 b | !
0 L |

MOKasaB  3amnpomnoHo-
BaHMA ¢ikcaTtop wap-
HipHoro Tuny. Hali-
6inbLi aedopmauii
3B’A3Kax BMHWKAOTb
npu dikcauii nnactu-
Hoto hook plate, xoua
BOHM i HUKYE piBHA NO-
KasHWKiB mogeni 6e3
dikcauii. Xoua dikcauin
3a Bebepom Takox ago-
3BO/IAE 3HU3UTU PiBEHD

; = =R : T BigHOCHMX  aedopma-
conoideum trapezoideum acromioclavicular superior acromioclavicular inferior cu

i HeyLwKoaAXeHUX

EMHopma W Bes dikcauil W Cepraam Hook plate  m WapHip 3B’A30K HUXKYe piBHﬂ

mogeni 6es o¢ikcauii, a

PucyHok 14 — [liarpama Be/IMUUH BigHOCHUX aedopmaliiii B 3B’A3Kax moaeneii npu yluKoaKeHHi lig.

acromioclaviculare inferior.

HalKpalui pe3ynbTaTv BU3HAYEHI NPU BUKOPUCTAHHI
3anponoHoBaHoro ¢ikcaTopa LWAPHIPHOrO TUMY, AKUR
[,03BO/IAIE 3HU3UTM NOKA3HUKKU BiHOCHUX aedopmauin
Ha BCiX HeyLKOAMKEeHMX 3B'A3KaX HUXKYe PiBHA mogeni
B HOPMi. [laHi NPO MAKCMMaNbHi BEIMYNHU BiJHOCHUX
nedopmauiii B 38’A3Kax mogenei HaBeaeHi B Tabn. 5.

HaouyHe yaBneHHA Npo CNiBBiAHOLWEHHA BeAUYUH
BiAHOCHMX AedopMalLiit B 38'A3Kax Mogenen npu ywkKo-
OxeHHi lig. acromioclaviculare inferior moxHa 3a gono-
MOTO0 Ajiarpamu, AKa HaBeaeHa Ha puc. 14.

3a pe3ynbTataMu AOCHIAMKEHHA MOXHA CTBEpOXYy-
BaTW, WO 3@ KPUTEPIEM MiHiIMmi3aLii BEMYMHKN BigHOC-
HUX fgedopmaliii B 3B’S3KaX K/AHOYMYHO-ONATKOBOrO
34/IeHyBaHHA NpU yWwKoaxKeHHi lig. acromioclaviculare
inferior Kpawi pesynbTaTM MoOKasaB 3anpONOHOBAHMUM
dikcatop wapHipHoro Tuny. Haibinbwi apedbopmadii
3B’A3Kax BMHWKaOTb Npu dikcauii nnactmHowo hook
plate, xoua BOHM i HUXKYE piBHA NMOKAa3HUKIB moaeni 6e3
dbikcauii.

O6roBopeHHsA pe3ynbTaTiB AOCNIAMKEHHA.

B pesynbrati npoBegeHUx AOCHiAXKeHb BCTAHOB-
NeHo, Wo Bci TMNM ¢iKkcaTopiB NpW YLWKOAMKEHHI lig.
acromioclaviculare inferior pgo3BonAwTL OTpMMaTH
NPU6/N3HO OA4HAKOBUI PiBEHb HAMPYMKEHb B KiCTKOBMX
efiemeHTax mogeni. BUHATKom € dikcauina 3a Bebepom,
npu AKOMy HanpyeHHA Ha AKK Ta Ha akpomianbHOMy
Bi4POCTKY IONaTKM 36iMbLLYIOTHCA B AEKiNbKA PasiB, WO
MOXKe BYTU NPUYMHOI PYWHYBAHHA KICTKOBOI TKAHUHM
B 30Hi KOHTAKTy 3 meTaneBnumu enemeHTamu. Pikcatop

B 3B’A3Kax A3b060-K/t0-
YMYHOTO 34/IEeHYBAHHA
HaBiTb HMXKYe MOKas-
HUKIB mogeni B HOpMiI,
ane NoKasHWKW po3noainy HanpyXeHb B gaHOi moaeni
CTaBAATb Nif, MUTAHHA AOLINbHICTb BUKOPUCTAHHA L€l
METOANKMN.

BucHoBKM.

dikcauis akpomMiaNbHOrO KiHUA Katounui 3a Bebepom
3abe3nevye rapHi pesyabTaTv 3 TOUKU 30PY 3HUMKEHHA
piBHA Hanpy»eHb i BigHOCHUX gedopmaLiit B HeyLwKo-
O)KeHUX 3B’A3Kax, ane NpuM3BOAUTb A0 MiABULLEHHA B
KifbKa pasiB piBHA Hanpy»eHb Ha AKK Ta akpomianbHo-
MY BiZlpOCTKY lonaTtku. PiBeHb HanpyXeHb B APOTi Npu
BiZlBeEHHI KiHLIBKM NPM YLKOAMKEHHI OKPEMMX 3B’A30K
BMPUTY HaBNMXKAETbCA A0 MeXi MiLHOCTI XipypriyHoi
CTani, 3 AKOI BiH BUTOTOBNEHUM, L0 MOXKe ByTU npuun-
HOI PO3pMBY APOTY i, AK HACNIAOK, BTPATK CTAbiNbHOCTI
HKC.

dikcaTop 3anpoONOHOBAHOI KOHCTPYKL,i 3abe3neuye
HalKpaLuMin pe3ynbTaT, AK 3a KpUTEPIEM PO3MoAiny Ha-
Npy»eHb B e/1IeMeHTax MoAeni, TaK i 3a Be/IMYMHOIO Bia-
HOCHMX aedopMaLili B HEYLLUKOAKEHNX 3B A3KaX.

®ikcatop hook plate 3alimae npomikHe NonoxKeHHA
3a BCiMa A0CNiAKEeHMMM NOKa3HMKaMK | MorKe byTn me-
TOAOM BMOOPY Npu ywKoasKeHHi lig. acromioclaviculare
inferior.

MNepcnekTMBM NOAANBLUNX [OCNIAKEHD.

MnaHyeTbcA [OCNIAKEHHA Hanpy»KeHo-aedopmo-
BAHOMO CTaHy HaANAe40BO-KAHUYUYHOIO Ccyrnoby npu
YWKOAKEHHI 3B’A30K A3b060-KAHOYMYHOTO 34/1I€HYBaH-
HA.
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HAMPY}XEHO-O,E®OPMOBAHUI CTAH HAANMEYOBO-KNHOYNYHOIO CYINIOBA MPU YLWKOOKEHHI HUMK-
HbOT HAANNEYOBO-KMHOUYMUYHOI 3B’A3KU | PIBHUX CMTOCOBAX ®IKCALLIT

Byp’aHoB O. A., Ksawa B. M., YekywuH [. A., 3agHiueHko M. O., KapniHcbkuit M. 10., fipecbKo O. B.

Pe3stome. Bcmyn. ®ikcauia akpomianbHoro KiHua knoumui (AKK) 20 akpominbHOro BigpOCTOKY 0NATKKM € npio-
piTeTHO0. KOHKYpYOUMMM MeTaneBUMM KOHCTPYKLIAMM A1A 3abe3neyeHHA € raykonogibHa nnactuHa — hook plate
Ta cnocib Bebepa. CyTTeBUMM HeaoNiKaMM NPU 3acToCyBaHHiI cnocoby dikcauii 3a Bebepom € mirpauis wnuub Ta
NOpyLWeHHA LiIICHOCTI WNWUb Ta 4POTY.

Mema: npoBecTV NOpPiBHANbHUI aHani3 ¢iKcauii akpomianbHOro KiHUA KntounLi 3a Bebepom, hook plate Ta 3a-
NPOMNOHOBAHOK KOHCTPYKL€E, WAAXOM BUBYEHHA HaNpy*KeHO-AedOpPMOBaHOro CTaHy HaAMN/Ie40BO-KJHUYNYHOIO
cyrnoba npu ywkoaxeHHi lig. acromioclaviculare inferior i pisHux cnocobax dikcau,i.

06’ekm i Memodu OocnidnceHHs. NobyaoBaHa CKiHYEHO-eleMeHTHa MOAEe/b HaAN1e40BO-KAKUYNYHOTO cyrioba
(HKC). MopgentoBanu ywkoaxeHHs lig. acromioclaviculare inferior, a Takox ¢ikcauito AKK Tpboma cnocobamu: 3a
Bebepom, hook plate Ta 3anponoHOBaHOK KOHCTPYKL,iEtO.

Pe3ynemamu. B pe3ynbTaTti npoBeAeHUX AOCNiIAKEeHb BCTAHOBEHO, WO BCi TUNK dikcaTopiB J03BONAIOTb OTPU-
MaTu NPUBAN3HO O4HAKOBUIA PiBEHb HAMPYKEHb B KICTKOBUX eNemMeHTax Mogeni. BUHATKom e dikcauis 3a Bebepom,
npu SKomy Hanpy»eHHa Ha AKK Ta Ha akpoMiaibHOMY BMPOCTKY 10NaTKK 36i/1bLUYIOTLCA B AEKi/NbKa pasiB, L0 MOXKe
6yTV NPUUMHOLO PYIMHYBAHHA KiICTKOBOI TKAHWMHW B 30HI KOHTAKTY 3 MeTasieBUMUN enemeHTamn. PikcaTop LWapHipHOro
TUNy 3abe3neyye HallKpaLwuin PO3MNOAiN HaNpPyKeHb, AK B KICTKOBUX enemeHTax MoAeNi, TaK i AOCUTb HU3bKIiW piBeHb
Hanpy»KeHb B HeyLKoAKeHMx 3B8'A3Kax. Hook plate, 3 TOUKM 30py BE/IMUMH HANpyKeHb B enemeHTax Mogeni, Mae
HenoraHi NOKasHMKM NPU BiLOKPEMNEHNX YILIKOAKEHHSAX 3B'A30K i 3aIMAE NPOMIXKHE NONOXKEHHS 3a BCiMa Aochi-
OKEHMMM MOKasHUKaMU. 3a KpUTepieEM MiHiMi3aLii BeIMYMHM BigHOCHUX Aedopmauin B 3B’A3KaxX KAOUYMYHO-/I0-
NaTKOBOrO 34/IeHYBAHHA MOKa3aB 3anpornoHoBaHUI ¢ikcaTop WapHipHoro Tuny. Hanbinbwi aedopmaldii 38’a3Kax
BUHMKaIOTb Npu ¢ikcauii nnactnuHoto hook plate. Xoua ¢ikcauina 3a Bebepom A03BONSAE 3HU3UTU PiBEHb BiAHOCHMX
aedopmauii HeyLWKoAKeHUX 3B"A30K HUXKYe piBHA mogeni 6e3 diKkcalii, a B 38’A3Kax 43b000-KAHOUYMYHOTO 34/1EHY-
BaHHA HaBIiTb HMXXYe NOKA3HUKIB MOAe i B HOPMI, ane NOKa3HUKKN PO3NOAINY Hanpy*eHb B AaHOI MoAeni CTaBAATb
nig NUTaHHA OOLINbHICTb BUKOPUCTAHHA LLIEI METOANKMN.

BucHosku. Pikcauia akpomMianbHOro KiHUA KatoumLi 3a Bebepom 3abe3neyye rapHi pe3ynbtaTv 3 TOYKM 30pY 3HU-
YKEHHA PiBHA HanpyXeHb i BiAHOCHWUX AedopmaLiiil B HeYLLIKOAMKEHWUX 3B’A3Kax, afie NpuU3BOAUTb A0 MiABULLEHHSA B
KifibKa pasiB piBHA Hanpy*KeHb HAa AKK Ta akpomianbHOMYy BMPOCTKY S10NaTKK. PiBeHb HanpyKeHb B APOTi Npu BiA-
BeAeHHI KiHLiBKM NPU YLIKOAMKEHHI OKpeMUX 3B'30K BNPUTYN HabNMUMKAETLCA A0 MeXKi MiLLHOCTI XipypriyHoi cTani,
3 AKOi BiH BUTOTOBNEHUM, LLLO MOXKe BYTU NPUYMHOI PO3PUBY APOTY i, AK HACNIZOK, BTpaTu cTabinbHocTi HKC. dik-
caTop 3anponoHOBaHOI KOHCTPYKLi 3abe3nevye HalKpalmii pe3ynbTaT, AK 32 KPUTEPIEM PO3MOAINY HanpyKeHb B
efleMeHTax MoZeni, TaK i 3a BeIMYNHOIO BiAHOCHMX AedopmalLliit B HeyLKoaKeHUx 3B’a3Kkax. dikcaTop hook plate
3aliMa€ NPOMiXKHe MOIOXKEHHA 3a BCiMa JOCNIAXKEHUMU NOKa3HUKaMK i Moxke ByTM meTozom BUBOpY Mpu yLwKo-
OxkeHHi lig. acromioclaviculare inferior.

KntovoBi cnoBa: Hagnie4yoBo-KAOUMYHUI cyrno6, 38°a3KK, dikcauin.

STRESSED AND DEFORMED STATE OF THE ACROMIOCLAVICULAR JOINT IN CASE OF DAMAGE TO THE INFERIOR
ACROMIOCLAVICULAR LIGAMENT AND VARIOUS METHODS OF FIXATION
Buryanov O. A., Kvasha V. P., Chekushyn D. A., Zadnichenko M. O., Karpinsky M. Yu., Yaresko O. V.

ISSN 2077-4214. Bichuxk npo6nem 6ionorii i meanuunn — 2024 — Bun. 1(172) / Bulletin of problems in biology and medicine — 2024 - Issue 1(172) 343



METOAU TA METOAWKU / METHODS AND METHODOLOGIES

Abstract. Introduction. Fixation of the acromial end of the clavicle to the acromial process of the scapula is
a priority. Competing metal constructions for securing are the hook plate and the Weber method. Significant
disadvantages when using the Weber fixation method are the migration of the tips and the violation of the integrity
of the tips and the wire.

Purpose: to conduct a comparative analysis of fixation of the acromial end of the clavicle according to Weber,
hook plate and the proposed construction, by studying the stressed-deformed state of the clavicular-acromial joint
in case of damage to the lig. acromioclaviculare inferior and different methods of fixation.

Object and research methods. A finite-element model of the clavicular-acromial joint was constructed. Damage
to the claviculo-acoacromiale inferior ligament was modeled as well as fixation of AEC in three ways: according to
Weber, hook plate and the proposed construction.

The results. As a result of the conducted research, it was established that all types of fixators allow obtaining
approximately the same level of stress in the bone elements of the model. An exception is Weber’s fixation, in
which the stress on the acromial end of the clavicle and the acromial condyle of the scapula increases several
times, which can be the cause of the destruction of bone tissue in the area of contact with metal elements. The
hinge-type fixator provides the best stress distribution, both in the bone elements of the model, and a fairly low
level of stress in intact ligaments. The Nook plate, from the point of view of stress values in the elements of the
model, has good indicators for isolated ligament injuries and occupies an intermediate position in terms of all the
investigated indicators. According to the criterion of minimization of the magnitude of relative deformations in the
ligaments of the clavicle-scapular articulation, the proposed hinge type fixator showed. The largest deformations of
the ligaments occur during fixation with a hook plate. Although fixation according to Weber allows you to reduce the
level of relative deformations of intact ligaments below the level of the model without fixation, and in the ligaments
of the clavicular joint even below the parameters of the normal model, the indicators of stress distribution in this
model call into question the feasibility of using this technique.

Conclusions. Fixation of the acromial end of the clavicle according to Weber provides good results in terms of
reducing the level of stresses and relative deformations in intact ligaments, but leads to a several-fold increase in
the level of stresses on the acromial end of the clavicle and the acromial condyle of the scapula. The level of stress
in the wire when the limb is abducted when individual ligaments are damaged closely approaches the strength limit
of the surgical steel from which it is made, which may be the reason for the wire breaking and, as a result, loss of
stability of the clavicular-acromial joint. The fastener of the proposed design provides the best result, both according
to the criterion of stress distribution in the elements of the model, and according to the magnitude of relative
deformations in undamaged ligaments. The hook plate fixator occupies an intermediate position according to all the
studied indicators and can be the method of choice for lig damage. acromioclaviculare inferior.

Key words: acromiaclavicular joint, ligaments, fixation.

ORCID and contributionship / ORCID Ko»Horo aBTopa Ta iX BHECOK 4,0 CTaTTi:
Buryanov O. A.: https://orcid.org/0000-0002-2174-1882 F

Kvasha V. P.: https://orcid.org/0000-0002-7444-6289 #

Chekushyn D. A.: https://orcid.org/0000-0002-1151-4803 ®

Zadnichenko M. O.: https://orcid.org/0009-0002-1077-3421 ¢

Karpinsky M. Yu.: https://orcid.org/0000-0002-3004-2610 °

Yaresko O. V.: https://orcid.org/0000-0002-2037-5964 ©

Conflict of interest / KoHdnikT iHTepecis:
The authors declare no conflict of interest. / ABTopu 3aaBAAOTb NPO BiACYTHICTb KOHPAIKTY iHTepecis.

Corresponding author / Agpeca gna KopecnoHaeHUii

Kvasha Volodymyr Petrovych / Ksawa Bonoaumup Metposuy

Bogomolets National Medical University / HauioHanbH1it megunuHnii yHisepcuteT imeHi 0.0. boromosnbus

Ukraine, 01601, Kyiv, 13 Taras Shevchenko blvd. / Aapeca: Ykpaina, 01601, m. Kuis, 6ynbsap Tapaca LLesueHka
13

Tel.: 0503816557 / Ten.: 0503816557

E-mail: vikvash@ukr.net

A —Work concept and design, B — Data collection and analysis, C— Responsibility for statistical analysis, D — Writing the article, E — Critical review,
F — Final approval of the article. / A — koHuenuisa po6oTu Ta Au3aiiH, B —36ip Ta aHani3s gaHux, C— Bi4NOBIAaNbHICTb 33 CTaTUYHMIM aHani3, D — Ha-
nucaHHA cTaTTi, E — KpUTYHKUiA ornag, F — ocTaTouHe 3aTBepAsKEHHA CTaTTi.

Received 10.09.2023 / Cmammas Hadiiliwna 10.09.2023 poky
Accepted 23.02.2024 / CraTTa npmitHaTa Ao ApyKy 23.02.2024 poky

344 ISSN 2077-4214. Bicuk npo6nem 6ionorii i meguunnn — 2024 — Bun. 1(172) / Bulletin of problems in biology and medicine — 2024 - Issue 1(172)



