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The stabilisation of the acromial end of the clavicle (AEC) in case of its dislocation is realised by using a hook-
shaped plate and the Weber method, each of which has its own advantages and disadvantages. There is no solid ev-
idence base for changes in the stress-strain state of the acromioclavicular joint depending on the variant of ligament
damage and fixation methods, which leads to a subjective choice of fixation structure.

Aim: to conduct a comparative analysis of the stress-strain state of the acromioclavicular joint in case of trape-
zoid ligament (lig. trapezoideum) injury and fixation of the acromial end of the clavicle by Weber, hook plate and the
proposed construction.

A finite-element model of the acromioclavicular joint (ACJ) was constructed. We simulated the damage to the lig.
trapezoideum and fixation of the AEC in three ways: by Weber, hook plate, and the proposed construction.

The best results, in terms of reducing the level of stress in the intact ligaments, are provided by Weber fixation,
but this method leads to a significant increase in the level of stress on the AEC and the acromial process of the
scapula, which can lead to bone destruction. Another negative factor is an increase in the stress level in the wire to
the tensile strength of surgical steel. It can lead to the breakage of the sintered wire and loss of stability of the ACJ.
The hinge-type fixator provides the best stress distribution, both in the bone elements of the model and in the intact
ligaments.

Fixation of the AEC by Weber provides the lowest level of stresses and relative deformations in the intact liga-
ments but leads to an increase in the level of stresses on the acromial process of the scapula and AEC several times.
The level of stress in the sintered wire in the conditions of lig. trapezoideum injury exceeds the tensile strength of
surgical steel, which can cause wire rupture and loss of ACJ stability. The hook plate fixator occupies an intermediate
position, both in terms of stress level and relative deformations in the ligaments. The fixator of the proposed con-
struction provides the best distribution of stresses in the bone elements of the model, as well as a sufficiently low
level of stresses and the magnitude of relative deformations in the intact ligaments.
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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.

According to the literature, dislocations of the acro-
mial end of the clavicle (AEC) occur in 3% to 26.1% of the
total dislocations of other locations and about 10% of all
shoulder girdle injuries [1].

The static stabilisers, namely the clavicular-acromial
complex (superior and inferior acromioclavicular liga-
ments) and the coracoclavicular complex (trapezoid and
conoid ligaments) are essential in stabilising the AEC.
The debate about their role and proportion in stabilising
the AEC has been going on for almost a century. It has
led to significant controversy regarding the nature of re-
constructive and restorative surgery [2].

Fixation of the AEC to the acromial process of the
scapula is a priority. Competing metal constructions for
fixation are the hook plate [3] and the Weber method
[4].

Each construction has its advantages and disadvan-
tages [5]. To date, there is no significant evidence base
for studying the stress-strain state of the acromioclavic-
ular joint in case of damage to different ligaments and

fixation methods, leading to a subjective choice of fixa-
tion construction.

All of this leads to further study of the design fea-
tures of the most commonly used fixators and the devel-
opment of newer devices.

The aim of the study.

To conduct a comparative analysis of the stress-strain
state of the acromioclavicular joint in case of trapezoid
ligament (lig. trapezoideum) injury and fixation of the
acromial end of the clavicle by Weber, hook plate and
the proposed construction.

Object and research methods.

A finite-element model of the acromioclavicular joint
(ACJ), consisting of the scapula, clavicle, and ligaments
of the acromioclavicular and coracoclavicular complex-
es, was built in the biomechanics laboratory of Sytenko
Institute of Spine and Joint Pathology National Academy
of Medical Sciences of Ukraine [6]. In the present study,
we modelled damage to the ligaments of the coracocla-
vicular complex, namely the lig. trapezoideum (fig. 1).

For each variant of damage to the ligaments of the
coracoclavicular comple, fixation of the acromial end of
the clavicle (AEC) was modelled in three ways: by Weber,
hook plate, and the proposed construction [7] (fig. 2).

In the modelling, the material was assumed to be ho-
mogeneous and isotropic. A 10-node tetrahedron with
guadratic approximation was chosen as a finite element.
The mechanical properties of the materials were select-
ed from the literature [8, 9, 10, 11, 12]. The characteris-
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tics used (E — Young’s modulus of elasticity, v — Poisson’s
ratio) are given in table 1.

The study modelled the loads acting on the ACJ when
the upper limb was abducted at an angle of 90°. Forces
were applied to the models that simulated the action
of the muscles: the middle portion of the deltoid mus-
cle —173.4 N, the anterior portion of the deltoid mus-
cle —121.9 N, the middle portion of the deltoid mus-
cle —371.3 N, the supraspinatus muscle —190.7 N, the
subscapularis muscle —1029.8 N, and the subspinatus
muscle —55.6 N [13]. The loading diagram of the model
is shown in fig. 3.

Control points were selected to compare the stress
values in the elements of models with different damages
and fixation options. Figure 4 and table 2 show the con-
trol points’ location.

Figure 1 — Variants of the model with damage to the lig.
trapezoideum.

a

b

C

Figure 3 — Model load diagram.

The maximum stress level in ligaments, bone ele-
ments, and metal constructures was recorded. In addi-
tion, the values of relative deformations in the ligaments
were studied. The simulation results were compared
with the model of the acromioclavicular joint, the stress-
strain state of which was studied in our previous work
[6]. The model was built in SolidWorks [14]. The stress-
strain state of the models was calculated using ANSYS
[15].

Research results.

At the first stage, we studied changes in the stress-
strain state of the model due to damage to the coraco-

Figure 2 — Models with fixation of the acromial end of the clavicle, where:
a —according to Weber; b — with a hook plate fixator; c — with a fixator of the proposed construction.

Table 1 — Mechanical characteristics
of the used materials

Young’s
H ’,
vaterl | Modusal | Posor's | Senety
MPa
Cortical bone 18350,0 0,3 170,0
Spongy bone 1040,0 0,3 10,0
Ligaments 330,0 0,4
Cartilage 5,58 0,44
Surgical steel AISI 316L 200000 0,30 505,0

clavicular complex ligaments. The stress distribution
in the model with damage to the lig. trapezoideum is
shown in fig. 5.

Table 2 - Control points

Cor?trol Anatomical area et
points element
1 lateral border
2 medial border
3 suprascapular notch scapula
4 coracoid process
5 acromion process
6 acromial end
7 sternal end clavicle
8 body
9 conoid (lig. conoideum)
10 trapezoid (lig. trapezoideum)
1 sgperioragromiqclavicularIigament ligaments
(lig. acromioclaviculare superior)
12 in'ferior acromio;laviculgr Iiggment
(lig. acromioclaviculare inferior)

ISSN 2077-4214. Bichuk npo6nem 6ionorii i meguuunn — 2024 — Bun. 2 (173)/ Bulletin of problems in biology and medicine — 2024 - Issue 2 (173)

191




KNIHIYHA TA EKCMEPUMEHTAIbHA MEOULMHA / CLINICAL AND EXPERIMENTAL MEDICINE

a

Figure 4 — Location of control points: a — front view; b — top view.
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Figure 5 — Stress distribution in the elements of the model with damage to the lig. trapezoideum, where:
a —in bone elements; b —in ligaments.

Tearing of the lig. trapezoideum during abduction of
the limb increases stress level at the clavicle ends to 4.4
MPa at the sternal and 63.1 MPa at the acromial ends.
In the middle part, the stresses do not change. On the
scapula, there is an increase in the stress level at all test
points, which reaches a maximum of 60.2 MPa at its ac-
romial process. The stresses on all intact ligaments in-
creased and reached a maximum of 109.4 MPa on the
lig. conoideum and 106.3 MPa on the lig. acromiocla-
vicularis superior.

Fig. 6 shows the distribution of stresses in the bone
elements of the model and ligaments in the case of the

trapezoid ligament injury with AEC fixation according to
Weber.

Compared to the normal model, Weber fixation leads
to a 10-fold increase in the stress level on the AEC — up
to 221.7 MPa and on the acromial process of the scapula
— up to 344.9 MPa. At the same time, a slight decrease
in the level of stress is detected along its medial border
and on the coracoid process. Stresses on the intact liga-
ments also decrease almost to the normal level and do
not exceed 56.5 MPa on the lig. acromioclaviculare in-
ferior.

a

Figure 6 — Stress distribution in the elements of the model with damage to the lig. trapezoideum during Weber fixation of the acromial end
of the clavicle, where: a —in bone elements; b —in ligaments.
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Figure 7 — Stress distribution in the elements of the model with damage to the lig. trapezoideum during fixation of the AEC with a hook plate
fixator, where: a —in bone elements; b

—in ligaments.
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Figure 8 — Stress distribution in the elements of the model with damage to the lig. trapezoideum at AEC fixation with the proposed

construction, where: a —in bone elements; b

The stresses in the ligaments are reduced due to the
load being borne by the elements of the metal construc-
tions. Thus, the stresses on the spikes are determined at
268.1 MPa and 358.6 MPa on the front and back spikes,
respectively. The situation is much worse with the wire,
where the stresses reach 711.6 MPa, which exceeds the
tensile strength of surgical steel —505.0 MPa, which can
lead to wire rupture and loss of stability of the ACJ.

Fig. 7 shows the distribution of stresses in the bone
elements and ligaments of the model with damage to
the lig. trapezoideum during fixation of the AEC with a
hook plate.

Our studies have shown that the use of

—in ligaments.

As for the metal construction, the stresses in its sec-
tions do not reach critical values and get a maximum of
452.0 MPa in the plate. Stresses on the lateral screw are
determined at 344.3 MPa, and on the medial screw -
146.7 MPa.

Fig. 8 shows the stress-strain state of the model with
damage to the lig. trapezoideum during fixation of the
AEC with the proposed construction.

Compared to the model without fixation, the hinge-
type fixator reduces the stress level in almost all control
points of the model. At the acromial end of the clavicle,

a hook plate in the case of lig. trapezoideum
injury allows for the reduction of the level
of stress in all intact ligaments of the model,
with stresses on lig. acromioclaviculare supe-
rior, decreasing below the level of the normal
model. However, it is worth noting that the
stresses on other ligaments are determined
higher than in the model with Weber fixa-
tion, namely 54.0 MPa on lig. acromioclavicu-
lare inferior and 63.0 MPa on lig. conoideum.
There is also a decrease in the level of stress
in the bone elements of the model. Thus, the
stress level in the scapula does not exceed
43.7 MPa at its acromial process, and along
the medial border and on the coracoid pro-
cess, it decreases even below the normal val-
ues of the model.

Table 3 - Stress values in the control points
of the model with lig. trapezoideum damage
at different variants of AEC fixation

Control Stress, MPa
points norm |without fixation | by Weber | hook plate | hinge
1 19,3 19,8 20,8 21,1 21,3
2 11,2 12,0 10,7 9,2 9,0
Scapula 3 32,5 49,1 33,7 38,3 41,0
4 28,2 45,5 26,2 28,1 28,1
5 27,9 60,2 344,9 43,7 46,5
6 21,2 63,1 221,7 36,8 35,2
Clavicle 7 3,0 4,4 3,8 3,4 3,8
8 81,8 81,8 81,8 81,2 81,0
9 44,0 109,4 49,1 63,0 75,1
Ligaments 10 | 506
11 | 39,5 106,3 45,1 38,7 45,3
12 48,2 71,4 56,5 54,0 44,1
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Figure 9 — Diagram of stress values at the control points of the model with damage
to the lig. trapezoideum under different variants of AEC fixation.

Table 4 — Stress values in the elements of the metal constructions
of the model in case of damage to the lig. trapezoideum with

different variants of AEC fixation

to the lig. trapezoideum under different
variants of AEC fixation.
Comparative stress values at the con-

Stress, MPa trol points of the model with lig. trapezoi-
o 2 g | = | @ deum damage under different variants of
X ;qc) [ @] 3 O = = . . . .
Variants of | - 5 5 & | > | 28| o2 AECfixation are shown in fig. 9.
R a - = & = . . . .
faation | 5 1 2| £ | 2| 3 = 2| 5|58 z3z All variants of AEC fixation in the case
£ IS g ? c_‘g'_ E_ S 2| 3 °| of lig. trapezoideum injury allow for re-
= E ducing the level of stress in the bone
ﬁy V:iet:er 711,6|268,1]358,6 elements of the model, as well as in the
Oox plate 452,01344,31146,7 intact ligaments. The exception is Weber
hinge 437,4234,4| 86,3 |150,2

the stress level of 35.2 MPa is the lowest of all fixation
options. Stresses in the ligaments reach a maximum
value of 55.1 MPa at the lig. conoideum, while the liga-
ments of the clavicular-acromial joint are loaded evenly,
as evidenced by their stress level —45.3 MPa and 44.1
MPa at the lig. acromioclaviculare superior and lig. acro-
mioclaviculare inferior, respectively. Among the metal
construction elements, the most stressed are the plates
—437.4 MPa and 234.4 MPa on the scapula and clavicle,
respectively. The stresses on the fixation screws do not
exceed 150.2 MPa on the clavicle and 86.3 MPa on the
acromial process.

Table 3 gives the data on the values of maximum
stresses at the control points of the models with damage

fixation, which leads to a 10-fold increase
in the stress level on the AEC and acromial
process of the scapula. It is because the load between
these parts is transmitted through the wire, which has a
small diameter and, as a result, a small area of contact
with the bone tissue.

The data on the stresses in the elements of the metal
constructions of the model with damage to the lig. trap-
ezoideum under different variants of AEC fixation is
given in table 4.

Thus, the maximum stresses on the sintered wire in
case of damage to the lig. trapezoideum occur during
limb abduction and reach 711.6 MPa, which exceeds the
tensile strength of 505.0 MPa of surgical steel and may
cause its rupture.

0,3

0,15
0,13125
0,1125
0,09375
0,075
0,05625
0,0375
0,01875
0

Figure 10 - Distribution of relative deformations in the ligaments of the model in case of lig. trapezoideum injury without fixation.
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Figure 11 - Distribution of relative deformities in models with lig. trapezoideum injury:
a — Weber fixation; b — hook plate fixation; ¢ — fixation of the proposed construction.

The last stage of the work was to
study the values of relative deforma-

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

tions in the ligaments of the models ) Relative deformation, %

in normal conditions and with dam- Contol points norm |without fixation |by Weber|hook plate | hinge
age to the lig. trapezoideum, as well {|ig.conoideum 13 33 14 19 22
as in all variants of fixation of the |lig.trapezoideum 19

acromial end of the clavicle. The dis- | lig. acromioclaviculare superior | 12 32 13 12 16
tribution pattern of relative deforma- | lig. acromioclaviculare inferior 14 22 17 16 14

tions in the ligaments on the model
in normal conditions and with lig. trapezoideum injury
without AEC fixation is shown in fig. 10.

Relative deformities of the lig. conoideum and lig. ac-
romioclaviculare inferior are determined at the level of
13% and 14%, respectively. When the lig. trapezoideum
is damaged, all the loads arising in the coracoclavicular
joint are taken by the lig. conoideum, which leads to a
significant increase in its relative deformation to 33%.
Deformations of the ligaments of the acromioclavicular
joint also increase to 32% of the lig. acromioclaviculare
superior and 22% of the lig. acromioclaviculare inferior.

Let’s consider the effect of AEC fixation on the values
of relative deformities of intact ligaments.The distribu-
tion of relative deformities in models with different vari-

ants of AEC fixation in case of lig. trapezoideum injury is
shown in fig. 11.

The use of Weber fixation allows reducing the rel-
ative deformities of all intact ligaments, which are de-
termined at 14% for the lig. conoideum. The maximum
relative deformation of 17% is determined on the lig.
acromioclaviculare inferior.

The hook plate fixator reduces the relative deforma-
tions of the lig. acromioclaviculare superior to the nor-
mal model index — 12%,; relative deformations of the
lig. acromioclaviculare inferior and lig. conoideum are
determined at the levels of 16% and 19%, respectively.

On the contrary, the hinge-type fixator reduces the
relative deformities of the lig. acromioclaviculare infe-
rior to the normal level of 14% but leaves the relative
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Figure 12 — Diagram of relative deformations in the ligaments of the models with lig. trapezoideum injury.
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deformities of the lig. conoideum at a rather high level
of 22%.

Table 5 provides data on the maximum values of rel-
ative deformities in the ligaments of the models.

The diagram (fig. 12) shows the ratio of the relative
deformations in the ligaments of the models in the case
of lig. trapezoideum injury.

The study’s results showed that it is impossible to
unequivocally prefer any method of fixation of the clav-
icle-scapular joint in case of damage to the lig. trapezoi-
deum according to the criterion of minimising the value
of relative deformations in the ligaments.

Discussion of the research results.

As a result of the studies, it was found that in case of
damage to the ligaments of the acromioclavicular com-
plex, the best results in reducing the stress level in the
intact ligaments are provided by the fixation of the AEC
by Weber. However, this fixation method leads to an in-
crease in the stress level on the acromial process of the
scapula and AEC several times. It is because the load be-
tween these parts is transmitted through a wire that has
a small diameter and, as a result, a small contact area
with the bone tissue. Such a level of stress in the contact
area between the wire and bone tissue can lead to the
latter’s destruction. The second negative factor against
using this method of fixation is that when the upper limb
is abducted in conditions of damage to individual liga-
ments, the stress level in the wire exceeds the tensile
strength of the surgical steel from which it is made. It
can lead to the rupture of the sintered wire and loss of
stability of the ACJ. A partial solution to this problem can
be using titanium wire, the tensile strength of which is

DOI 10.29254/2077-4214-2024-2-173-190-204
YOK 616.71-007.44:612.015.1

twice that of surgical steel, but the problem of bone de-
struction by the wire will remain.

The fixator of the proposed construction provides
the best distribution of stresses in the bone elements
of the model and a relatively low level of stresses in the
intact ligaments. The hook plate fixator occupies a mid-
dle position regarding stress levels and relative deforma-
tions in the ligaments.

The analysis of the relative deformations in the clavi-
cle-scapular joint ligaments in the conditions of lig. trap-
ezoideum injury showed the absence of a clear advan-
tage of any fixation method.

Conclusions.

1. AEC fixation by Weber provides the lowest level
of stresses and relative deformations in intact ligaments
but leads to an increase in the level of stresses on the
acromial process of the scapula and AEC several times.
The stress level in the sintered wire during limb abduc-
tion in the setting of lig. trapezoideum injury exceeds the
tensile strength of surgical steel, which can cause wire
rupture and loss of ACJ stability.

2. The hook plate fixator occupies an intermediate
position regarding stress levels and relative deforma-
tions in the ligaments.

3. The fixator of the proposed construction provides
the best distribution of stresses in the bone elements of
the model, as well as a sufficiently low level of stresses
and the magnitude of relative deformations in intact lig-
aments.

Prospects for further research.

Itis planned to study the stress-strain state of the ac-
romioclavicular joint in case of damage to the lig. conoi-
deum and both ligaments of the coracoclavicular joint.
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Cmabinizayia akpomianbHoz20 KiHuA Karovuyi (AKK) npu lioeo gusuxax peanizyemscs WAAXOM 8UKOPUCMAHHSA
2a4ykonodibHoi naacmuHu ma criocoby Bebepa, KoxeH 3 AKUX MAE 87ACHI nepesaau ma Hedoniku. BidcymHicme
8a2omMoi 00Ka3080i 6aG3U WO00 3MiH HAMPYyXHeHO-0eopMO8AHO20 CMAHY HAOMAEY0B80-KAYUYHO20 Ccy2n06a
8 3as1exHocMi 8i0 sapiaHMy yuKoOMeHHS 38°30K ma crocobis gpikcayii, wo 3ymosntoe cyb6’ekmusHuli 8ubip
hiKcyro4oi KOHCMPYKUii.

Mema: nposecmu mopieHAAbHUU aHAAMI3 HAMPYy*eHO-0ehopMOBAHO20 CMAHY HAOMNAeY080-KAOYUYHO20
cyenoba npu ywKooxceHHi mpaneyienodibHoi 38’a3ku (lig. trapezoideum) i hikcauii akpomianbHO20 KiHUA Kaovuyi
3a Bebepom, hook plate ma 3anponoHo8aHO KOHCMPYKUIEO.

MobydosaHa CKiHYEeHO-eneMeHmMHA MoO0esnb HAOMAe4o80-KAo4YuyHo2o cyenoba (HKC). Modentosanu
ywKooxceHHsa lig. trapezoideum, a makox ¢ikcayito AKK mpeoma cnocobamu: 3a Bebepom, hook plate ma
30MpPonoHOBAHOK KOHCMPYKUIEHO.

Halikpawi pe3ysnemamu, 3 moYKu 30py 3HUXEHHSA PiBHA HAMPYHEHb 8 HEYWKOOMEeHUX 38°A3Kax, 3abe3neyye
oikcayia AKK 3a Bebepom, ane uyili memod sede 00 3HAYHO20 MiOBUWEHHA pisHA HanpyxeHo Ha AKK ma
aKpOMianbHOMY 8i0pOCMKY A0MAMKU, WO Moxe npu3dsooumu 00 pylHYBAHHA KICMKOBOI MKAHUHU. [HWUM
He2amusHUM (haKmMOPOM € MiOBUUEHHA PiBHA HarpyxeHb 8 0pomi 00 mexci miyHocmi xipypeiyHoi cmani. Le
MOXe Cmamu MPUYUHOK PO3PUBY CEPKAAHHO20 dpomy i empamu cmabineHocmi HKC. ®ikcamop wapHipHo20
muny 3a6e3neyvye Halikpawuli po3Modin HaNPy*#eHb, K 8 KICMKOBUX enemMeHmax Mooesi, MaK i 8 HeyUKoOHeHUX
38’A3Kax.
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®ikcauia AKK 3a Bebepom 3abe3neyye HaliHuxvull piseHb HanpyxceHs i 6iOHOCHUX 0eghopmayili 8 HEYWKOOHEHUX
38’A3Kax, asae npu3sooums 00 Mi08UWEHHA PIBHA HAMPyHeHb Ha aKpoMianbHOMy supocmky nsonamku ma AKK e
KinbKa pasis. PiseHb HaNpy#eHb 8 CepKAAXHOMY Opomi 8 yMosax yuwKoOxeHHA lig. trapezoideum nepesuwye mexicy
MiyHOCMI XipypaiyHoi cmari, wjo Moxce cmamu nPUYUHOK po3pusy Opomy i empamu cmabineHocmi HKC. ®ikcamop
hook plate 3alimae npomixcHy no3uyito, AK 30 pieBHEM HANpPy#eHb, MAK | 30 8eaAU4UHOK 8iOHOCHUX degopmayili
8 38’A3Kkax. ®ikcamop 3anpornoHo8aHOI KOHCMPYKUii 3a6e3neyye Halkpawuli Po3nodin HanNpymeHs 8 KicmxKosux
enemeHmMax mooesi, a makox 0ocumb HU3bKUL ix pigeHb i senuyuHy 8i0HOCHUX degopmayili 8 HeyuKOOHeHUX
38’A3KAX.

Knro4oei cnoea: HadMnne4yo80-KkAovuvHuUlli cyenob, 38’A3Ku, Gikcauyis.

3B’A30K nyb6nikauii 3 nnaHOBMMM HayKOBO-AOCAIA-
HUMMU poboTamu.

PoboTa BMKOHaHa B pamkax HAP «Po3pobuTu meTo-
OV PaLioHaIbHOTO NiKyBaHHA BOTHEMA/IbHUX Mepesiomis
KIHLiIBOK Ha MigcTaBi BMBYEHHA mpouecy pereHepawii
TKaHUH» N2 aeprkpeectpauii 0123U104220.

Bcryn.

BuBMxM akpomianbHOro KiHua Katounui (AKK) 3a ga-
HUMW NiTePaTYPHUX AxKepen 3ycTpivatoTbea Big 3% Ao
26,1% BMNaAKiB Big 3arasbHOI KiIbKOCTI BUBMUXIB iHLIMX
NIOKanizauin i 6amsbko 10% cepes BCiX NOLIKOAMKEHb
naeyosoro noscy [1].

Benuke 3HayeHHs B cTabinisauii AKK Hanexutb cTa-
TUYHUM cTabinizaTopam, a came KAHOUYUYHO-aKpPOMiasb-
HOMY KOMMAEKCY (BEPXHA Ta HUMKHA KAOUYMYHO-aKpO-
MianbHi 3B'ﬂ3KVI) Ta KmOHVNHO—,EI,BbO6OI'IOp,i6HOMV PucyHoK 1 — BapiaHTu mopgeni 3 ywkogkeHHam lig. trapezoideum.
KoMnneKkcy (TpaneuienoaibHa Ta KoHyconoaibHa 38’a3- 3a Bebepom, hook plate Ta 3anponoHoOBaHO KOHCTPYK-
Ku). Auckycia, npo ix ponb Ta NUTOMy Bary B cTabinisauii  ujeto.

AKK NpoaoBKyeTbCA MaliXKe CTONITTA Ta 3yMOBJ/IOE CyT- O6’eKT i meTOAU AoCNiAXKEHHA.
TEBI MPOTMPIYYA CTOCOBHO XapaKTepy PEKOHCTPYKTMB- Y nabopatopii biomexaHiku Y «IHCTUTYT naTonorii
HO-BiZLHOB/ItOBA/IbHNX OMEPaTUBHUX BTPyYaHsb [2]. xpe6Ta Ta cyrnobis im. npod. M.I.CuteHka HAMH Ykpa-

®ikcauia AKK A0 aKpOMia/bHOTO BIAPOCTKY N0NAT-  jyyy» Gyna NoBymoBaHa CKiHUEHO-ENEMEHTHa MOAenb
KW € NPIOPUTETHOIO. KOHKYPYIOUMMM METANEBUMM KOH- i35 1eyoBo-KaloumuHoro cyroba (HKC), Aka cknaga-
CTPYKLiAMM /1A 3a6e3NeueHHA € raukonoaibHa MNacti- oo s nonamin kouni Ta 38'A30K HaAMAGUOBO-KI0-
Ha —hook plate [3] Ta cnoci6 Bebepa [4]. UMYHOTO Ta A3b0BO-KNOUMYHOTO KomneKcis [6]. B aa-

KosKHa 3 KOHCTPYKLi Mae cBOi nepesarv Ta Hedoi- HOMY AOC/IZKEHHI MOACIOBANM YLIKOMKEHHA 38A30K

Ku [5]. Ha cborogHilwHin aeHb He Mae Baromoi A0Ka30Boi - .
HaZnne4yoBo-A3bobonoaibHOro Komnaekcy, a came lig.
6a3u Wwoa0 BUBYEHHA HAaNPYKeHO-AePpOpPMOBaHOrO CTaHy .
trapezoideum (pwmc. 1).

HAZANNEYOBO-KNHOUYMYHOIO Cyrnoba Npu yLWKOAKEHHI pi3- N ,
Mpy KOXKHOMY BapiaHTi YLUKOAMKEHHA 3B’A30K Haf-

HUX 3B’A30K Ta Pi3HMX crnocobis ¢ikcay,i, Wo 3ymMOoBtOE .
Nnn1e4oB0-43b060M0AI6HOM0  KOMMAEKCY MOAEN0Banu

cy6’ekTMBHMI BUBIP DiKCytoUOT KOHCTPYKLI. g > g . .
Bce Le 3yMOB/IOE NOAA/bLIE BUBYEHHA KOHCTPYK- dikcauito akpomianbHoOro KiHua kntounui (AKK) Tpboma

TUBHUX 0COBAMBOCTEI HaBINbL BKMBaHMX dikcaTopis CNOCObamu: 3a Bebepom, hook plate Ta sanponoHosa-
Ta po3pobKy HOBITHIX 3aCO6iB. HOI0 KOHCTpYKLUieto [7] (puc. 2).
MerTa AocniaKeHHs. MNpu moaentoBaHHI maTepian BBaXanu oOAHOPIA-
MPOBECTM MOPIBHANLHWIA aHani3 HanpyxeHo-ge- HWM Ta i30TPOMHUM. B AKOCTI CKiHYEHOro enemeHTy
$OPMOBAHOrO CTaHy HaAmnneyoBo-KAouMyHoro cyr- OyB obpanmnii 10-8y3n108BMi1 TeTpaeap 3 KBaApaTUYHOM
noba npu ylKoAXeHHI TpaneujienogibHoi 38’a3ku (lig. anpokcumadieto. MexaHiuHi BNacTMBOCTI maTepianis Bi-
trapezoideum) i dpikcaLii akpomianbHOro KiHua Kaounui  aibpaHo 3 axepen nitepatypu [8, 9, 10, 11, 12]. Buko-

a 0 B

PucyHok 2 — Mopgeni 3 pikcaLielo akpomianbHOro KiHUA KAlouuui, ae:
a —3aBebepom; 6 — dikcatopom hook plate; B — dpikcaTopom 3anponoHOBaHOI KOHCTPYKLEI.
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Tabnuua 1 — MexaHiuHi xapaKTepucTuku
BUKOPUCTAHMUX MaTepianis

Mogaynb npyx-| Koed. | Mexka
Marepian HocrTi FOHra E, | Myaco- |miyHocTi,

MnNa Ha, v MnNa

KopTukanbHa KicTKa 18350,0 0,3 170,0

lybyacTa KicTKa 1040,0 0,3 10,0
3B8’A3KMK 330,0 0,4
Xpsy 5,58 0,44

XipypriyHa ctanb AISI 316L 200000 0,30 505,0

Tabnuua 2 — KOHTPOAbHI TOYKK

PucyHok 3 — Cxema HaBaHTaXKeHHA mogeni.
puUcTaHi xapakTepuctnku (E — moaynb npy»kHocTi FOHra,
v — KoeodiujieHT MNyaccoHa) HaBeaeHi B Taba. 1.

Mpn npoBefeHHiI [OCNIAXKEHHA MOAENtoBann Ha-
BaHTaXKeHHs, fAKi gitotb Ha HKC cyrnob npu BigBeaeHHi
BEPXHbOT KiHLiBKM Ha KyT 90°. [lo moaenen npuknaganm
CUAK, AKI imiTyBanu ajto m’a3is: cepeHa nopuis AenbTo-
BUAHOro m’ssy —173,4 H, nepeaHs nopuia 4enstoBua-
Horo m’asy — 121,9 H, cepeaHa nopuis AeAbTOBUAHOIO
m’azy — 371,3 H, Hagoctuctuin m’a3 — 190,7 H, nigno-
naTkosuit m’a3 — 1029,8 H, nigoctuctmuit m’a3 — 55,6 H
[13]. Cxema HaBaHTaxeHHA MoAe/i HaBeAeHa Ha puc. 3.

[OnA NopiBHAHHA BE/IMYMH HaMpPy)KeHb B e/leMeHTax
MOZENeN 3 Pi3HUMM YIWKOAKEHHAMMN Ta BapiaHTamm diK-
cauii 6ynmn obpaHi KOHTPOJIbHI TOYKK. Cxema po3Tally-
BaHHSA KOHTPO/IbHMX TOYOK HaBeAeHa Ha puc. 4 i Taba. 2.

KoHTponb- . . EnemeHTt
i TouKM AHaTOMiYHa finsaHKa el
1 natepanbHWUii Kpaw
2 meZiaNbHUM Kpan
3 BUIMKa IONATKN nonaTtka
4 03b060noAibHNI BiAPOCTOK
5 aKpOMianbHUI BiAPOCTOK
6 aKpOMianbHUI KiHelb
7 rPYAUHHWUI KiHeLb KAo4unua
8 Tino
9 KOHi4Ha (lig. conoideum)
10 Tpaneueenqp,i6Ha
(lig. trapezoideum) 28'A3KN
11 BEPXHA HaAN/IE40BO-K/IOUNYHA
(lig. acromioclaviculare superior)
12 lig. acromioclaviculare inferior

PeectpyBann MaKcMManbHWIN piBeHb HaMNpPyXeHb B
3B’A3KaX, KICTKOBMX efleMeHTax Ta Ha MeTaneBUX KOH-
CTPyKuiax. OKpim TOro, BMBYa/AM BEAUYMHW BiAHOCHUX
aedopmauiii B 38’a3Kax. MopiBHAHHA pe3ynbTaTiB moge-
JIIOBAHHA 3[iMCHIOBANN 3 MOAENIO HAAMNNEYOBO-KAIO-
YnyHoro cyrnoba, HanpyKeHHO-AedOPMOBaAHUM CTaH
AKOI JocnigKyBann B Hawoi nonepegHin poboti [6].
Mobyaosy moaeni 3aincHioBanu B nporpami SolidWorks
[14]. PospaxyHKM Hanpy»KeHo-aepopMOBaHOro CTaHy
MoAenen BUKOHYBaNM 3 BUKOPUCTAHHAM MNporpamwu
ANSYS [15].

Pe3ynbraty gocnigKeHHs.

Ha nepwomy eTtani poboTn BMBYANAN 3MiHW Hanpy-
KeHOo-AedOPMOBAHOrO CTaHy MoAeni B pe3ynbTaTi yL-
KOAMKEHb 3B’A30K KNOUYMUYHOro-A3b060noaibHoro Komn-
nekcy. Po3noain Hanpy»KeHb B MOAENi 3 YLKOAKEHHAM
lig. trapezoideum HaBeaeHa Ha pwmc. 5.

Po3pwus lig. trapezoideum npu BiaBeAEHHI KiHLiBKM
np13BOAMUTb A0 NiABULLEHHA PiIBHA HANPYXEHb Ha KiHLAX
Katounui go 4,4 MMMa Ha rpygmMHHomy Ta 4o 63,1 MlMa Ha
aKpomianbHOMY. B cepefHiit YacTUHI BeNMYMHA Hanpy-
»KeHb He 3MiHIOETbCA. Ha nonaTtui cnocTepiraetbca nia-
BULLEHHA PiBHA HaNpPy»eHb Y BCiX KOHTPO/IbHUX TOYKaX,
AKi HabyBatoTb Makcumymy 60,2 Mla Ha 1i akpomianb-
HOMY BiZpOCTKY. Hanpy»KeHHA Ha BCiX HeyLIKOOMKEeHUX
3B’A3Kax 3pOCTatoTh i cAratoTb Makcumymy 109,4 Mrla Ha
lig. conoideum Ta 106,3 MTMa Ha lig. acromioclaviculare
superior.

12 1 9 10

a

PucyHoK 4 — Cxema po3TallyBaHHA KOHTPO/IbHMX TOYOK: a — BUA cnepeagy; 6 — supg 3sepxy.
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PucyHoK 6 — Po3nogin HanpyeHb B enemeHTax mogeni 3 ywkoakeHHam lig. trapezoideum npwm ¢ikcauii akpomianbHoro KiHua Kaounui 3a
Bebepom, Ae: a — B KiCTKOBUX enemeHTax; 6 — B 38’A3Kax.

Po3nopain Hanpy»eHb B KiCTKOBUX eleMeHTax moaeni
i 38’A3Kax NpW yLWKoAKeHHi lig. trapezoideum 3 ¢ikcaui-
€to AKK 3a Bebepom HaBeageHoO Ha puc. 6.

B nopiBHAHHI 3 Mmogennto B Hopmi, pikcauin 3a Bebe-
pom Npu3BOAUTb A0 NigsuweHHA B 10 pasiB piBHA Ha-
npyxeHb Ha AKK — 1o 221,7 MTlla Ta Ha akpoOMiaibHOMY
BMPOCTKY fionatkm — ao 344,9 MMa. MNpu ubomy no ii
MeZiaibHOMY Kpato Ta Ha A3b06onoaibHOMY BiapOCTKY
BM3HAYAETbCA HE3HAYHE 3HMMKEHHSA PiBHA HaMpy)KeHb.
Hanpy»KeHHA Ha HeyWKOAXKEHMUX 3B'A3KaX TEX 3HUNKY-
I0TbCA, NPAKTUYHO, A0 PIBHA HOPMMU i HE MEepPeBULLYIOTb
nosHayku 56,5 MMMa Ha lig. acromioclaviculare inferior.

3HWKEHHA BENIMYMHU HAMpyKeHb B 3B’A3Kax Biaby-
BAETbCA 3@ PAXYHOK TOrO, LU0 HABAHTAXKEHHA CNpuit-
MatoTb Ha cebe enemeHTM MeTaneBoi KOHCTPYKLi. Tak
HanpyXeHHA Ha WnuMuAX BU3HA4YatoTbCA Ha piBHI 268,1
MMa i 358,6 MlMa Ha nepeaHin i 3afHIM wWnuusx, signo-
BiZlHO. 3HAYHO riplie BUMALAE CUTYyaLiAa came 3 4pOTOM,
B AKOMY HaMpy»XeHHA caratoTb No3Havyku 711,6 MMa, wo
nepeBuLLYE MeXy MILHOCTI XipypriyHoi ctani — 505,0
MMMa, Wwo moxe NpU3BecTM 40 PO3PMBY 4POTY Ta BTPaTH
ctabinbHocTi HKC.

Ha puc. 7 HaBegeHO po3noAin Hamnpy»KeHb B KiCTKO-
BMX €1leMEeHTax Ta 3B’A3Kax MoZeni 3 yWwKoaKeHHAM lig.
trapezoideum npwu dikcauii AKK hook plate.
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PuUcyHOK 7 — Po3nogin Hanpy:KeHb B enemeHTax mogeni 3 ywkogeHHam lig. trapezoideum npu ¢ikcauii AKK dikcatopom hook plate, ge:
a — B KiCTKOBUX enemeHTax; 6 — B 38’A3Kax.
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PucyHoK 8 — Po3nogin HanpyeHb B enemeHTax mogeni 3 ywkogkeHHam lig. trapezoideum npwm dikcauii AKK 3anponoHoBaHO0 KOHCTPYKLi-
€10, Ae: a — B KICTKOBUX enemeHTax; 6 — B 3B’A3Kax.

Tabauua 3 — BeIMUMHKN Hanpy}KeHb B KOHTPONbHUX TOUKaX

mogaeni 3 ywKogKeHHaM lig. trapezoideum
npwu pisHMx BapiaHTax Pikcauii AKK

B Mogeni 3 ¢ikcauieto 3a Bebepom, a came
54,0 MNa Ha lig. acromioclaviculare inferior
Ta 63,0 MMa Ha lig. conoideum. Takox cno-

TEePIraeTbCA 3HWMKEHHA PiBHA HaMpy)XeHb B
KOHTpPOANbHI Hanpy»eHHs, MIMa c.ep aeTbeA 3 e P X a I:?\/ €Hb
- —| KIiCTKOBWX enemeHTax mogeni. Tak piBeHb Ha-
TOYKMU Hopma| 6e3 ¢ikcauii [3a Be6epom| hook plate | wapHip .
Npy*KeHb B IONaTLi He NepeBULLYE NO3HAYKK
1 19,3 19,8 20,8 21,1 21,3 . .
> 112 0 107 92 90 43,7 MIa Ha ii akpomianbHOMY BigpPOCTKY, a
2' d 2 L 2 no mefianbHOMY Kpato Ta Ha A3bobonoai6-
Nlonatka | 3 | 32,5 49,1 337 38,3 410 | Homy BIGPOCTKY 3HUXKYETbCA HABITb HUKUeE
4 | 282 45,5 26,2 28,1 281 | nokasHukis mogzeni B HOpMi.
5 | 279 60,2 344,9 43,7 46,5 CTOCOBHO MeTaneBoi KOHCTPYKLi, TO Ha-
6 | 21,2 63,1 221,7 36,8 35,2 | npyseHHs Ti A4iNAHOK He HabyBaloTb KPUTUY-
Kmounusa | 7 | 3,0 44 3,8 3,4 3,8 | HMX 3HaueHb i caraloTb Mmaxkcumymy 452,0
8 | 818 81,8 81,8 81,2 81,0 | MMa B naacTuHi. HanpyeHHA Ha naTepanb-
9 | 440 109,4 491 63,0 75,1 | HOMY TIBWMHTI BM3HAYalOTbCA Ha MO3HaYL
36's3KM 10 | 50,6 344,3 MIMa, Ha mepianbHoMy — 146,7 MTMa.
11 | 39,5 106,3 45,1 38,7 45,3 HanpyeHo-aebopmoBaHU CTaH mogeni
12 | 48,2 71,4 56,5 54,0 44,1 | 3 ywkogxeHHAMm lig. trapezoideum npu ¢ik-

MpoBeaeHi [OCNIAXKEHHA MOKasaau, WO BUKOPU-
ctaHHA hook plate npu ywkogeHHi lig. trapezoideum
[03BOJINE 3HW3UTU PiBEHb HAMpPyXeHb Y BCiX HeyLlKo-
OXEeHUX 3B’A3Kax mogeni, npuyomy Ha lig. acromio-
claviculare superior HanpyeHHA 3HUKYHOTbCA HUXKYE
piBHA Mogeni B HOpMi. Ane A0LiNbHO BigMITUTH, LLLO Ha-
NPY’KeHHA Ha iHWKWX 3B'A3Kax BM3HAYAIOTbCA BULLE HiXK

cauii AKK 3anponoHOBaHOK KOHCTPYKLLELO,
HaBeAeHo Ha puc. 8.

B nopisHAHHI 3 mogennto 6e3 dikcauii, ¢dikcaTop
LWAPHIPHOrO TUMY [O03BOJIAE 3HU3UTU pPiBEHb Hanpy-
YKEHb MPAKTUYHO Y BCiIX KOHTPOJIbHWUX TOYKaX MOZENi.
Mpn UbOMY Ha aKpPOMIa/JIbHOMY KiHLL KAOYWLi piBEHb
HanpyeHb 35,2 MMa BM3HAYa€ETbCA HAWHUMKYMM 3a
BCi BapiaHTu dikcauii. HanpyxXeHHA B 3B’A3Kax CAraloTb

400
350

HanpyxeHHsa, Mla
= = ) M w
u [=] %3] o u o
(] o =] (=] =] (=]

o

2

M Hopma M bes dikcauii

ST — III 1 dlim Ill [ II| | I“ I ||I I I |II [ III [
1 3 4 5 6 7 8 9 0 1 1

KoHTponbHI ToUKK

¥ 33 Bebepom

Hook plate ® WapHip

PucyHoK 9 — [liarpama BeIMYMH HANPYXKeHb B KOHTPOJIbHUX TOYKAX moaeni
3 ywkoaKeHHaMm lig. trapezoideum npu pisHux BapiaHTax ¢ikcauii AKK.
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MaKCMMabHOro 3HadyeHHs 55,1 MIla Ha
lig. conoideum, npu LbOMy 3B’A3KM K/tO-
YMYHO-aKPOMiasIbHOTO 3’€AHAHHA HaBaH-

Tabnuua 4 — BeAMUNHU HANPYKeHb B elIeMeHTax MeTasieBUX
KOHCTPYKLiA moaeni npu nowKoaxeHHi lig. trapezoideum

npu pi3HMx BapiaHTax ¢ikcauii AKK

Ta<eHi PiBHOMIPHO, NPO WO CBIAYUTb HanpyseHns, MMa
piBeHb Hanpy*KeHb B HMUX — 45,3 MTla Ta = = _

. . . _ 5 « =4 © T O | Cm| @ _| ©.—
44,1 MnMa Ha lig. acro.mlocllawculare supe- | Bapiawtn | , | $Z| & z é AEHEIE RIS
rior Ta Ha lig. acromioclaviculare inferior, | dikcauii s |5¢ = g g z _ch[ z g g E Il Eg|E2

. . . o [2a] o]

BignosigHo. Cepepn enemeHTiB meTane- Ig| s R B 2| s35|a=|3%2
BOI KOHCTPYKL,i HallBiNblL HanpyxeHnumm 3
BM3HaYaloTbCA NAacTUHM — 437,4 MMa i |32 Bebepom| 711,6|268,1|358,6
234,4 MNa Ha nonarui Ta Katouumy,, Bigno- | hook plate 452,0|344,3|146,7
BiZHO. HanpysKeHHsA Ha diKcyroumx rBuH- [WapHip 437,41234,4| 86,3 |150,2
Tax He MepesullyloTb MnosHayok 150,2 BigHocHi pgedopmauii  lig. conoideum Ta lig.

MTMa Ha kntoumui Ta 86,3 MlMa Ha akpomianbHOMY Big-
POCTKY.

[aHi npo BeANYMHW MaKCMMAZbHUX HaMnpy»KeHb
B KOHTPOJ/IbHWUX TOYKax mogesei 3 ywkrogxeHHAMm lig.
trapezoideum npu pisHMx BapiaHTax ¢ikcauii AKK HaBe-
OeHi B Tabn. 3.

MopiBHANBHI BEANYUHWN HaANPYXKeHb B KOHTPOJbHUX
TOYKax MoZeni 3 YLWKoAKeHHAM lig. trapezoideum npu
pi3HMx BapiaHTax dikcauii AKK npeactaBneHi Ha puc. 9.

Bci BapiaHTK oikcauii AKK npu ywkoaxkeHHi lig.
trapezoideum [03BONAIOTb 3HU3UTU PiBEHb HAMPYXKEHb
B KiCTKOBMX e/leMeHTax MoAeNi, a TaKOX B HeyLUKoAKe-
HUX 3B’A3Kax. BUHATOK cknagae dikcauia 3a Bebepom,
AKa NPU3BOAUTL A0 MNiABULLEHHA PIBHA HAMNpyXeHb Ha
AKK Ta akpomianbHOMy BMPOCTKY nonatkm B 10 pasis.
Lle noB’si3aHO 3 TUM, LLLO HaBaHTAXKEHHA MiXK UMMM Big-
Ainamun nepenaeTbCA 3aBAAKM APOTY, AKMIA MAE HeBe-
JIMKUI piameTp i, AK HAcNigoK Many Moy KOHTaKTy 3
KiCTKOBOIO TKAHUHOIO.

[aHi Npo BeNNYMHU HaMpyKeHb B eNemeHTax me-
TaNeBUX KOHCTPYKLUiA Mogeni 3 ylKogxKeHHaM lig.
trapezoideum npu pisHUX BapiaHTax ¢ikcauii AKK Hase-
OeHi B Tabn. 4.

TakKMM YMHOM, MaKCMMasbHi HaMPYy»KeHHA Ha cep-
KNSXKHOMY APOTi NpU yLWKoAXKeHHi lig. trapezoideum
npunagatoTb Nig 4ac BigBeAeHHA KiHLWIBKKM i caratotb
nosHaykn 711,6 MMa, wo nepeBuLLYyE MEXKY MILHOCTI
505,0 MMMa xipyprivyHOi CTani, i MOXKe CTaTU NPUYMHOI
1oro pospuay.

OcTaHHiImM eTanom poboTK BUBYAIM BEANYMHM BiLHO-
CHUX gedopmauin B 3B’A3Kax moaenelt B HOpMi Ta npu
ywKogKeHHi lig. trapezoideum, a TakoXK npu BCix Bapi-
aHTax ¢ikcauii akpomianbHOro KiHuA Kaouuui. KapTuHa
po3noginy BigHOCHUX AedopMaliii B 38’13Kax Ha moaeni
B HOPMI Ta Npu ywKoaKeHHi lig. trapezoideum 6e3 o¢ik-
cau,ii AKK HaBegzeHa Ha puc. 10.

acromioclaviculare inferior BusHayatoTbca Ha piBHi 13%
Ta 14%, BignosigHo. Mpu ywkoaKeHHi lig. trapezoideum
BCi HABAHTAXKEHH#, AKi BUHWMKAIOTb B KNOYMYHO-43b060-
noaibHomy 3uneHyBaHHiI 6epe Ha cebe lig.conoideum,
O MPM3BOANUTb A0 3HAYHOrO 36i/blUeHHs i BigHOCHOT
nedopmauii go 33%. Ledopmauii 3B'S30K KAHOYUMY-
HO-aKPOMiaNIbHOMY 34/IeHYBaHHI TAaKOX 36i/bLyOTbCA
b0 32% lig. acromioclaviculare superior Ta go 22% lig.
acromioclaviculare inferior.

Po3rnaHemo BnauB 3acobiB ¢ikcauii AKK Ha Benun-
YMHM BIAHOCHWUX AedopmaLiit HeyLKoaKeHuX 3B'A-
30K. Po3nogin BigHocHMx agedopmauii B mogenax 3
pisHuMmn BapiaHTammn o¢ikcauii AKK npu ywkogKeHHi
lig. trapezoideum HaBeaeHo Ha puc. 11.

3acTocyBaHHA ¢ikcal,ii 3a Bebepom [,03BOAE 3HU3U-
TW BiAHOCHI gedopmaLii BCiX HEYLWKOAKEHMX 3B’A3KaX i
BM3Ha4aloTbCA Ha piBHi 14% ans lig. conoideum. Makcu-
MasibHWUI piBeHb BigHOCHWUX AedopmaLiin 17% BM3Hauva-
€Tbcs Ha lig. acromioclaviculare inferior.

dikcaTop hook plate no3BosAE 3HM3UTK piBEHDb Bia-
HocHUX gedpopmauin lig. acromioclaviculare superior ao
NoKasHWKa mogeni B Hopmi — 12%, BigHocHiI sedopmalii
lig. acromioclaviculare inferior Ta lig. conoideum Bu3Ha-
YyatoTbCA Ha piBHI 16% i 19%, BignosigHo.

dikcaTop LWapHIpPHOro TUMy, HaBMaKW, 3HWUXKYE A0
piBHA HopmK 14% BigHocHi gedopmali lig. acromiocla-
viculare inferior, ane 3anuiwae Ha LOCUTb BUCOKOMY PiBHi
22% BiaHOCHI pedpopmadii lig.conoideum.

[aHi Npo MakcMMabHi BEIMYMHM BiHOCHUX Aedop-
Mmauii B 3B’A3Kax moaeneit HaseaeHi B Taba. 5.

CniBBiAHOWEHHA BENWYMH BigHOCHUX aAedopmallii
B 3B’I3Kax mogenei npu ywkoaxeHHi lig. trapezoideum
npeacrasieHo giarpamoto (puc. 12).

Pe3ynbtaT npoBefeHOro AO0CNiAXKeHHA MNOoKasa-
I HEMOXK/IMBICTb OAHO3HAYHOrO HaZaHHA MnepeBaru
byab-akomy meToay ¢ikcauil KAUYMYHO-10NaTKOBOrO
34NeHyBaHHA NpW YyWKoaxKeHHi lig. trapezoideum 3a

0,3

0,15
0,13125
0,1125
0,09375
0,075
0,05625
0,0375
0,01875
0

PucyHok 10 — Po3nogin BigHocHMX aedopmauiii B 38’A3Kax mogeni npu ywkogkeHHi lig. trapezoideum 6e3 ¢ikcauii.
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PucyHok 11 — Po3nogin BigHOCHUX aedopmauiii B moaensax npu ywkKomKeHHi lig. trapezoideum:
a - ¢ikcauin 3a Be6epom; 6 — dikcatop hook plate; B — dikcaTop 3anponoHOBaHOT KOHCTPYKLi.

Tabnuysa 5 — MakcumanbHi BEAMYUHU BiAHOCHUX Aedopma-
Ui B 38’A3Kax mogenein npu ywKogKeHHi lig. trapezoideum

YMOBAX YLIKOAMKEHHA OKpeMux 3B's-
30K piBEHb HaMNpyXeHb B ApPOTi ne-

BigHocHa pedopmalin, %

PEBULLYE MEXY MILHOCTI XipypriyHOi
CTani, 3 AKoi BiH BMrotoBneHun. Le

KOHTpOAbHI TOYKM - -
Hopma| 6e3 dikcauii| 3a Bebepom | hook plate [wapHip| noske ctaTu NPUYMHOIO PO3PUBY CEp-
Iig.COnOideUm 13 33 14 19 22 KNAXKHOro p'po'ry | BTpaTM CTaﬁil'Ib-
lig.trapezoideum 19 HocTi HKC. YacTKOBMM pilleHHAM Lii€l
lig. acromioclaviculare superior 12 32 13 12 16 Npo6aemMn MOXKe CTaTV BUKOPMUCTaH-
lig. acromioclaviculare inferior 14 22 17 16 14 | Ha OpoTy 3 TUTaHy, Mexa MiLHOCTI

KpUTEpiEM MiHimi3auii BeAanYmnHM BigHOCHUX aedopma-
i B 38’A3KaX.

O6roBopeHHsA pe3ynbTaTiB AOCNIAKEHHS.

B pesynbraTi npoBeAeHUX AOCNigKeHb BCTaHOBMe-
HO, LLLO NP YLIKOAMKEHHI 3B’A30K HaZM/1€40BO-KAHOYNY-
HOrO KOMMJIEKCY HaWKpalli pe3ynbTaTu 3 TOYKM 30py
3HUKEHHS PIBHA HanNpy)eHb B HeyWKOAMeHUX 3B'A3-
Kax 3abesneyye dikcauia AKK 3a Bebepom. OgHak, uin
meTop, dikcaLii Bege A0 NiABULLEHHA PiBHA HanpyXeHb
Ha aKpoMmiasbHOMY BMPOCTKY sionaTku Ta AKK B KifbKa
pasiB. Lle 3ymoBAeHO TUM, LLLO HAaBAHTAXKEHHA MiX LMMMN
BiginaMu nepenaeTbca 3aBAAKU APOTY, AKUA MaE He-
BE/IMKUI AiaMeTp i, AK HAacNigoK Many NAOLLy KOHTAKTy
3 KiCTKOBOI TKaHMHO. TakKuii piBeHb HaNpPyKeHb B 30Hi
KOHTaKTy APOTY i KICTKOBOI TKAHMHM MOXe MPUBOANTH
00 PYMHYBAHHA OCTaHHbOI. [lpyrum HeraTMBHUM ¢daKTo-
POM, AKWI CBIAYUTbL MPOTU BUKOPUCTAHHA AAHOTO METO-
Aoy dikcauii € Te, WO Npu BigBEeAEHHI BEPXHbOT KiHLiBKM B

AKOro B ABiYi NepeBuLLYE XipypriyHy
CTanb, ane npobnema pyrHyBaHHA KiCTKOBOI TKaHMHMU
[,POTOM BCE OAHO 3a/MULLNTLCA.

dikcaTop 3anpONOHOBaAHOI KOHCTPYKLii 3abe3neyye
HalKpaLwuin po3noain HanpyXeHb B KICTKOBUX enemeH-
Tax Mogeni Ta AOCUTb HU3bKIN iX piBeHb B HEYyLKoAKe-
Hux 3B’sA3Kax. ®ikcatop hook plate 3alimae cepeaHto
Nno3uL,ito, AK 3a PiIBHEM HAMpPYKEeHb, TaK i 38 BEJIMYMHOIO
BiZAHOCHMX AedopMmaliiin B 3B’A3KaX.

AHani3 BeANYMHM BigHOCHUX AedopMmalliit B 3B’A3Kax
KNHOYMYHO-/IONATKOBOrO 34/1eHYBaHHA B YMOBaX YLUKO-
axeHHn lig. trapezoideum nokasaB BiACYTHICTb OAHO-
3HayHoOI NepeBarun byab-akoro metoay oikcaui.

BucHoBKM.

dikcauis AKK 3a Bebepom 3abesneuye HalHUKYUN
piBEHb HaAMpy»KeHb i BiAHOCHUX Aedopmauin B HeyLl-
KOAMKEHWUX 3B’A3Kax, ane Mpu3BOAMTb 4O NiABULLEHHA
piBHA HanpyXeHb Ha aKPOMiaIbHOMY BUPOCTKY SIONaTKM

35
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48]
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£ 10 _
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=
5 ! !
0
conoideum trapezoideum acromioclavicular superior acromioclavicular inferior
M Hopma M bBes dikcauii M 3a Bebepom Hook plate ® LWapHip
PucyHok 12 — [liarpama BenM4YmMH BigHOCHUX Aedopmaliii B 38’A3Kax mogenei npu ywkogkeHHi lig. trapezoideum.
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Ta AKK B KinbKa pa3siB. PiBeHb Hanpy»XeHb B CEPKAANKHO- dikcaTop 3anponNoOHOBaHOI KOHCTPYKLiT 3abe3nevye
MYy 1pOTi NPM BiABeAEHHI KiHLiBKM B yMOBaX yLIKOAMKeH-  HANKPaLMi pO3noAin HanpyeHb B KICTKOBUX enemMeH-

Ha lig. trapezoideum nepesMulLye Mesy MiLHOCTI xipyp-  T@X MOARI, @ TAKOXK AOCUTb HU3bKUH iX piBeHb i ,Benwm-
A . . Hy BigHOCHUX gedopmaLiii B HEYLIKOAMKEHMX 3B A3KaX.
riyHOI CTani, WO MOMKe CTaTh NPUYUHOK PO3PUBY APOTY i

, . MepcnekTUBM NOAANbLIMX AOCAIAMKEHD.
BTPaTK cTabinbHocTi HKC. MAaHYETLCA AOCAIAKEHHSA HaNPyKeHOo-aedhopmoBa-
®ikcatop hook plate 3aitmae NPOMisKHY NO3NLO, AK  oro cTaHy HAAMNEUOBO-KAKOUNYHOMO Cyro6y Npu yiu-
3a PiBHEM Hanpy»eHb, TaK i 33 BE/IMYMHOIO BiJHOCHMX  KoAKeHHi lig. conoideum Ta 060x 38’A30K A3b060-K/ItO-

nedopmauiii B 38’A3Kax. YMYHOIO 34/1eHYBaAHHA.
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AHANI3 PO3NOAINY HANPYKEHb B HAAN/TEYOBO-K/TIOYUYHOMY CYINOBI NMPU YILKOAXKEHHI TPANELLIE-
NOAIGHOI 3B’A3KM | PIBHUX CMTIOCOBAX ®IKCALLIT

Byp’aHos O. A., KBawa B. M., YekywuH [. A., 3agHiueHko M. O., KapniHcbkuit M. 10., Aipecbko O. B.

Pestome. Bcmyn. Mpu onepaTMBHOMY BTPy4aHHi cTabinisauia akpomianbHoro KiHus kaoumui (AKK) npu oro su-
BMXax peani3yeTbCsa WAAXOM BUKOPUCTaHHA raukonoaibHoi nnactuHu (hook plate) Ta cnocoby Bebepa (tension band
wiring), KOXeH 3 AKX Ma€ BAacCHi nepesary Ta Hego/iKKU. BiacyTHicTb Baromoi AoKa30B0i 633K LWoA0 3MiH Hanpyxke-
HO-4edpOPMOBAHOrO CTaHy HaANIE4Y0BO-KAOUMYHOTO cyrnoba B 3a/1€XKHOCTI Big, BapiaHTy YLWKOAMKEHHSA 3B’A30K Ta
cnocobis dikcauii, Wwo 3ymosatoe cyb’ eKTUBHUI BUBIp diKCyoUOoT KOHCTPYKL.

Mema: npoBecTn NOPiBHANbHUI aHaNi3 HanpyKeHo-4ehOPMOBAHOr0O CTaHy HaAN/Ie4YOBO-KAUYNYHOTO cyrnoba
Nnpu yWKoAXKeHHi TpaneuienoaibHoi 38’a3ku (lig. trapezoideum) i dpikcauii akpomianbHOro KiHUA Kaounli 3a Bebe-
pom, hook plate Ta 3anponoHOBaHOO KOHCTPYKL,EHO.

06’ekm i memoodu. MobyaoBaHa CKiHYEHO-eleMeHTHa MoAeNb HaAnne4oBo-KaundHoro cyrnoba (HKC). Mo-
AentoBanu ywkoaxKeHHs lig. trapezoideum, a Takox ¢ikcauito AKK Tpboma cnocobamu: 3a Bebepom, hook plate Ta
3aMpONOHOBAHOK KOHCTPYKL€EtO.

Pe3ynemamu. HaiKkpalli pe3ynbTaTi, 3 TOYKM 30pYy 3HMMKEHHA PiBHA HaMNpy)KeHb B HEYLIKOAMKEHUX 3B’A3KaX,
3abe3neuye ¢ikcauia AKK 3a Bebepom, ane uin metoa Bege A0 NiABULLIEHHA PiBHA Hanpyx»eHb Ha AKK Ta akpo-
MiaflbHOMY BigpOCTKY I0ONATKM B KiZibKa pasis, WO MOXe NPU3BOAUTM A0 PYNHYBAHHA KICTKOBOI TKAHUHW. [pyrum
HeraTMBHMM GaAKTOPOM € MiABULLEHHA PiBHA HAMNPYXEeHb B APOTi NPU BigBeAEHHI KiHLiIBKM NPU YIWWKOAXKEHHI OKpe-
MUX 3B’AI30K 10 MeKi MiLLHOCTI XipypriyHoi cTai. Lle moxe cTaTv NPUUYNHOI0 PO3PUBY CEPKAAMKHOIO APOTY i BTpaTH
ctabinbHocTi HKC. ®ikcaTtop wapHipHOro Tuny 3abesnevye HallKpallmMii PO3MNOAIN HaMNPy»KeHb, AK B KICTKOBUX efe-
MEHTax Mogeni, TaKk i B HeyllKoaxeHux 3B’a3Kax. Pikcatop hook plate 3alimae cepeaHio Nosuuito, AK 3a piBHEM
HanpyKeHb, TaK i 33 BE/IMYMHOLO BigHOCHWUX AedopmalLlii B 38'A3Kax.

BucHogKu. ®ikcauia AKK 3a Bebepom 3abesnevye HaMHUNKUMIA piBEHb HaMNpyXKeHb i BigHOCHUX aedopmaliii B
HeyLWKOoAKEeHMX 3B A3KaX, ane NpuM3BoaUTb A0 NiABULWEHHA PIBHA HaNPY»KeHb Ha aKPOMiaIbHOMY BUPOCTKY 1ONAaTKK
Ta AKK B KifibKa pa3siB. PiBeHb Hanpy»XeHb B CEPKAAXKHOMY APOTi NPU BiaBEAEHHI KiHLiIBKM B YMOBAX YLUIKOOMKEHHSA
lig. trapezoideum nepeBuLLYE MeXy MiLHOCTI XipypriYHOi CTani, WO MOXKe CTaTM NPUUYMHOI PO3PUBY APOTY i BTPATH
ctabinbHocTi HKC. dikcaTtop hook plate 3alimae npomixkHYy No3uL;ito, K 3a PiBHEM HaNpyXeHb, TaK i 338 BE/IMYMHOIO
BiAHOCHMX AedopmaLlin B 38’a3Kax. DikcaTop 3anponoOHOBaHOI KOHCTPYKLi 3a6e3nevye HalKpallmii po3nogin Ha-
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NPYy*KeHb B KICTKOBUX efieMeHTax MoZei, @ TaKoX AOCUTb HU3bKUI X piBeHb | BEHAUYMNHY BiAHOCHUX Aedopmaliii
B HeYLUKOAMKEHMX 3B’ A3KaX.
Kno4oBi cnoBa: Hagnne4yoBo-KAKYMYHUI cyrnob, 38’a3KK, dikcauin.

ANALYSIS OF STRESS DISTRIBUTION IN THE ACROMIOCLAVICULAR JOINT IN CASE OF TRAPEZOID LIGAMENT
INJURY AND DIFFERENT METHODS OF FIXATION

Buryanov O. A., Kvasha V. P., Chekushyn D. A., Zadnichenko M. O., Karpinsky M. Yu., Yaresko O. V.

Abstract. Introduction. During operative intervention, stabilization of the acromial end of the clavicle (AEC) in
case of dislocations is realized by using a hook plate and Weber’s method (tension band wiring), each of which has
its own advantages and disadvantages. The lack of a strong evidence base regarding changes in the stress-deformed
state of the acromioclavicular joint depending on the type of ligament damage and methods of fixation, which leads
to the subjective choice of the fixation structure.

Aim: to conduct a comparative analysis of stress-deformed state of the acromioclavicular joint in case of damage
to the trapezoid ligament (lig. trapezoideum) and fixation of the acromial end of the clavicle according to Weber,
hook plate and the proposed construction.

Object and methods. A finite-element model of the acromioclavicular joint (ACJ) was constructed. Damage to
the trapezoid ligament was modeled as well as fixation of ACC in three ways: according to Weber, hook plate and
the proposed design.

The results. The best results, from the point of view of reducing the level of stress in intact ligaments, are pro-
vided by fixing the AEC according to Weber, but this method leads to an increase in the level of stress on the AEC
and the acromial process of the scapula several times, which can lead to the destruction of bone tissue. The second
negative factor is an increase in the level of tension in the wire when the limb is abducted when individual ligaments
are damaged to the strength limit of surgical steel. This can lead to the rupture of the cerclage wire and the loss of
stability of the ACJ. The hinge-type fixator provides the best distribution of stresses, both in the bony elements of
the model and in intact ligaments. The hook plate retainer occupies an average position, both in terms of the level
of stress and the magnitude of the relative deformations in the ligaments.

Conclusions. Fixation of the AEC according to Weber provides the lowest level of stresses and relative deforma-
tions in intact ligaments, but leads to an increase in the level of stresses on the acromial condyle of the scapula and
AEC several times. The level of tension in the cerclage wire during abduction of the limb in conditions of trapezoid
ligament damage exceeds the strength limit of surgical steel, which can cause wire breakage and loss of stability
of the ACJ. The hook plate retainer occupies an intermediate position, both in terms of the level of stress and the
amount of relative deformations in the ligaments. The fixator of the proposed design ensures the best distribution
of stresses in the bone elements of the model, as well as a rather low level of them and a small amount of relative
deformations in intact ligaments.

Key words: acromioclavicular joint, ligaments, fixation.
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