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The most common methods of fixation for dislocations of the acromial end of the clavicle (AEC) are the hook plate
and the Weber method using sintered wire. Due to the lack of clear knowledge about which method of fixation is the
best, additional research is needed to determine the proportion of static stabilisers.

The study aimed to perform a comparative analysis of the stress-strain state of the acromioclavicular joint in case
of conoid ligament (lig. conoideum) injury and fixation of the acromial end of the clavicle by Weber, hook plate and
the proposed construction.

In the present study, we modelled the damage to the ligaments of the acromiocoracoid complex, namely the
lig. conoideum, and fixation of the acromial end of the clavicle in three ways: Weber, hook plate, and the proposed
construction. The models were studied under loads acting on the acromioclavicular joint when the upper limb was
abducted at an angle of 90°.

It has been established that in the case of lig. conoideum injury, the best results in reducing the stress level in the
intact ligaments are provided by Weber fixation of the AEC. However, this fixation method leads to increased stresses
in the wire to a level that exceeds the tensile strength of the surgical steel from which it is made. A partial solution to
this problem may be using titanium wire, which has twice the tensile strength of surgical steel. The hinge-type fixator
ensures the best distribution of stresses in the bone elements of the model and a fairly low level of stresses in intact
ligaments. The hook plate fixator is in the middle position in terms of stress levels. Regarding relative deformations
in the ligaments, it is inferior to all other fixation methods.

The Weber fixation of the acromial end of the clavicle provides the lowest level of stress in intact ligaments, but
the level of stress in the sintered wire during abduction of the limb in conditions of lig. conoideum injury exceeds the
tensile strength of surgical steel. The hook plate fixator occupies an intermediate position in stress level but is inferior
to all other fixation methods in relative deformations in the ligaments. The hinge-type fixator provides the best distri-
bution of stresses in the bone elements of the model, as well as a relatively low level of stresses and the magnitude

of relative deformations in intact ligaments.
Key words: romioclavicular 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)
account for 3-26% of all dislocations and 10% of shoul-
der girdle injuries [1]. Static and dynamic stabilisers en-
sure the stability of the AEC. There is much controversy
as to which of them plays the most important role in
affecting the choice of surgical treatment methods [2].

The most common AEC fixation methods are the
hook plate [3] and the Weber method using sintered
wire [4].

Each of the fixation methods has advantages and
disadvantages [5]. Currently, there is no clear evidence
of which method is better, so the choice often depends
on the surgeon’s personal preferences. This necessitates
further research into different methods of AEC fixation
and their effect on the acromioclavicular joint.

The aim of the study.

To conduct a comparative analysis of the stress-strain
state of the acromioclavicular joint in case of damage to
the conoid ligament (lig. conoideum) 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 complexes,
was built in the biomechanics laboratory of the 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 acromio-
coracoid complex, namely the lig. conoideum (figure 1).

We also modelled the fixation of the AEC in three
ways: Weber, hook plate, and the proposed construction
[7] (figure 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-
tics used (E — Young’s modulus of elasticity, v — Poisson’s
ratio) are given in table 1.
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Figure 1 — Variants of the model with damage to the lig. conoideum.

Table 1 — Mechanical characteristics
of the used materials

Material Young’.s .modulus of] Pois;on’s .Str.ength
elasticity E, MPa | ratio, v [limit, 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

The study modelled the loads acting on the ACJ when
the upper limb was abducted to 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-

a

b

C

Figure 2 — 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.

Figure 3 — Model load diagram.

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 figure 3.

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

The maximum stress level in ligaments, bone ele-
ments, and metal structures was recorded. In addition,
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

12 1 E] 10
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T

Figure 4 — Location of control points: a — front view; b — top view.
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[6]. The model was built in SolidWorks [14].

Table 2 - Control points

The stress-strain state of the models was cal- [ ¢ontrol Anatomical area Model
culated using ANSYS [15]. points element
Research results. 1 lateral border
At the first stage, we studied changes 2 medial border
in the stress-strain state of the model as a 3 suprascapular notch scapula
result of damage to the coracoclavicular 4 coracoid process
complex complex ligaments. The stress dis- 5 acromion process
tribution in the model with damage to the 6 acromial end
lig. conoideum is shown in figure 5. 7 sternal end clavicle
Abduction of the upper limb with dam- 8 body
age to the lig. conoideum leads to an in- 9 conoid (.“g-.cono'de“”")
crease in stress levels at the sternal end of 10 trapezoid (lig. trapezoideum) )
the clavicle to 4.3 MPa and at the acromial 11 superior acromioclavicular ligament ligaments
i ) lig. acromioclaviculare superior
end to 63.0 MPa. In the middle part of the (. g - - o )
12 lig. acromioclaviculare inferior

clavicle, the stresses remain unchanged. The
scapula shows increased stress levels at all
test points, with a maximum of 43.7 MPa at its acromion
process. Stresses on all intact ligaments also increased,
reaching a maximum of 110.8 MPa at the lig. acromio-
clavicular inferior and 94.0 MPa at the lig. trapezoideum.

The stress distribution in the bone elements of the
model and ligaments in case of damage to the lig. conoi-
deum with AEC fixation, according to Weber, is shown
in figure 6.

Compared to the model without fixation, Weber fix-
ation causes a significant increase in the stress level on
the AEC to 203.5 MPa and 180.1 MPa on the acromion
process of the scapula. At the same time, a slight de-
crease in the stress level is detected at its medial edge
and on the coracoid process. Stresses on the intact liga-

ments also decrease and reach a maximum of 73.8 MPa
on the lig. acromioclaviculare superior.

The decrease in the level of stress in the ligaments
is due to the fact that the loads are transferred to the
elements of the metal construction. Thus, the stresses
on the spikes reach 266.0 MPa on the front spikes and
231.5 MPa on the back spikes. The situation is much
worse with the wire, where the stresses reach 630.3
MPa, which exceeds the tensile strength of surgical steel
(505.0 MPa). This can lead to wire rupture and, as a re-
sult, to the loss of stability of the ACJ.

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

81,786

a

b

Figure 5 — Stress distribution in the elements of the model with damage to the lig. conoideum, where:
a—in bone elements; b —in ligaments.

&1,786

a

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

a

Figure 8 — Stress distribution in the elements of the model with damage to the lig. conoideum during fixation
of the AEC with the proposed construction, where: a — in bone elements; b — in ligaments.

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

Stress, MPa
Control points norm | without by hook hinge
fixation | Weber | plate
1 19,3 20,1 22,2 21,0 22,7
2 11,2 10,0 9,6 9,4 10,3
Scapula 3 32,5 34,8 43,2 36,2 56,0
4 28,2 42,4 23,6 45,9 31,7
5 27,9 43,7 180,1 41,6 31,0
6 | 21,2 63,0 203,5 44,8 26,2
Clavicle 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
. 10 | 50,6 94,0 47,2 98,6 68,0
Heaments = 30,5 | 853 | 73,8 | 67,3 | 353
12 | 48,2 110,8 56,5 92,7 59,2

The studies have shown that the use of a hook plate
in case of lig. conoideum injury, compared to the model
without fixation, allows for reducing the level of stress
in the ligaments of the clavicular-acromial joint, name-
ly, on the lig. acromioclaviculare superior. The stress is
reduced to 67.3 MPa and on the lig. acromioclaviculare
inferior — 92.7 MPa. Stresses on the lig. trapezoideum
slightly increased from 94.0 MPa to 98.6 MPa. In the
bone elements of the model, a decrease in the level of
stresses in the clavicle and on the coracoid process of
the scapula is observed. In other control points of the
scapula, the stresses slightly increase.

As for the metal construction, the stresses on its ele-
ments do not reach critical values and get a maximum of

305.0 MPa in the plate. Stresses on the lateral screw are
determined at 148.4 MPa, and on the medial screw —
165.3 MPa.

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

Compared to the model without fixation, the hinge-
type fixator allows the reduction of the level of stresses
on all intact ligaments; the maximum value of 68.0 MPa
is determined on the lig. trapezoideum, and the stress-
es on the lig. acromioclaviculare superior are reduced
below the average level to 35.3 MPa. There is also a de-
crease in stress values, almost to the average level, in
the clavicle and its acromion and coracoid processes.

Among the metal construction elements, the most
stressed parts are 384.0 MPa and 187.0 MPa on the
scapula and clavicle, respectively. On the fixation screws,
the stresses do not exceed 74.2 MPa on the clavicle and
58.7 MPa on the acromion process.

The data of the maximum stresses at the control
points of the models with lig. conoideum damage under
different variants of AEC fixation are given in table 3.

Figure 9 shows comparative stress values at the con-
trol points of the model with lig. conoideum damage
under different variants of AEC fixation.

All variants of AEC fixation in case of lig. conoideum
injury allow to reduce the stress level in the bone ele-
ments of the model, as well as in the intact ligaments.
The exception is Weber fixation, which leads to a 10-fold
increase in the level of stress on the AEC and acromi-
on process of the scapula. This is due to the fact that
the load between these parts is transmitted through the
wire, which has a small diameter and, as a result, a small
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area of contact with the
bone tissue.

Table 4 gives the data
on the stresses in the ele-
ments of the metal struc-
tures of the model with
damage to the lig. conoide-
um under different variants
of AEC fixation.

Thus, the maximum
stresses on the sintered
wire in case of damage to
the lig. conoideum occur
during abduction of the
limb and reach 630.3 MPa,
which exceeds the tensile
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strength of 505.0 MPa of
surgical steel and can cause
its rupture.

The last stage of the work was to
study the values of relative deforma-
tions in the ligaments of the models in

Figure 9 — Diagram of stress values at the control points of the model with damage to the lig. conoideum
under different variants of AEC fixation.

Table 4 — Stresses in the elements of the metal constructions
of the model in case of damage to the lig. conoideum with different

variants of fixation of the AEC

normal and injured lig. conoideum, as Stress, MPa
well as in all variants of AEC fixation. v - - °
Figure 10 shows the distribution of |\ iianie of % % § o 3 E Sco| So
relative deformations in the ligaments | fixation £ & g | & @ @ S S 13| ¢¢e
of the model in normal conditions and Pl E|l 5| 2| | S| g e |23 s
with lig. conoideum injury without AEC = =) = & = 8 |7 2
ﬁxarnoga;se of damage to the lig. conoi- by Weber 1630,3 266,0 231,5
deum and the absence of additional h?Ok plate SUbAE S SIREDS,
fixation, the relative deformities of the hinge 3840]1870] 587 | 74,2
lig. acromioclaviculare superior and 03
lig. acromioclaviculare inferior are determined at 24% 0'15
and 33%, respectively. Relative deformities of lig. trape- 0’13125
zoideum do not exceed 30%. 0‘1125
Figure 11 shows the distribution of relative deformi- 0‘093?5
ties in models with different variants of AEC fixation in 0‘0?5
cases of lig. conoideum injury. ;
The use of Weber fixation allows to reduce the rela- g*g:%s
tive deformities of all intact ligaments and is determined !
at the level of 14% for lig. conoideum. The maximum 0,01875
level of relative deformation of 19% is determined on 0
the lig. acromioclaviculare inferior.
The hook plate fixator, in comparison with the model

without fixation, allows to reduce the level of relative
deformities of the lig. acromioclaviculare superior to
20%, and the lig. acromioclaviculare inferior — to 28%. At
the same time, the relative deformities of the lig. trape-
zoideum increase to 30%.

Figure 10 — Distribution of relative deformations in the ligaments of
the model in case of lig. conoideum injury without fixation.
The hinge-type fixator reduces the relative deformi-

ties of the lig. acromioclaviculare superior below the av-
erage level to 10% but leaves the relative deformities of

0,3
0,15
0,13125
0,125
0,00375
0,075
0,05625
0,0375
0,01875
0

b

Figure 11 - Distribution of relative deformations in models with lig. conoideum injury:
a — Weber fixation; b — hook plate fixation; c — fixation of the proposed construction.
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Table 5 — Maximum values of relative deformations
in the ligaments of the models with lig. conoideum injury

Weber fixation of the AEC. However, this fix-
ation method leads to increased stresses in

Relative deformation, % the wire to a level that exceeds the tensile

Contol points Wl el i strength of the surgical steel from which it

norm | g ation | 2Y Weber| it | NiNge | is made. This can lead to the rupture of the

lig.conoideum 13 33 14 19 22 sintered wire and loss of stability of the ACJ.

lig.trapezoideum 19 A partial solution to this problem may be

lig. acromioclaviculare superior| 12 32 13 12 16 using titanium wire, the tensile strength of
lig. acromioclaviculare inferior | 14 22 17 16 14 which is twice that of surgical steel.

The hinge-type fixa-

35

30

Relative deformation, %

trapezoideum
mnomm m Without " by Weber
fixation by

atromioclavicular superior

hook plate m hinge

tor of the proposed con-
struction provides the best
distribution of stresses in
the bone elements of the
model and a sufficient-
ly low level in intact liga-
ments. The hook plate fix-
ator occupies an average
position in terms of stress
levels, and in terms of rela-
tive deformations in the lig-
aments, it loses to all other
fixation methods.

Conclusions.

1. AEC fixation accord-
ing to Weber provides the

acromiociavicular inferior

Figure 12 — Diagram of relative deformations in the ligaments
of the models with damage to the lig. conoideum.

the lig. conoideum at a rather high level of 21% and 18%
of the lig. acromioclaviculare inferior.

The data on the maximum values of relative deformi-
ties in the ligaments of the models are given in table 5.

The ratio of relative deformations in the ligaments of
the models in the case of lig. conoideum injury is shown
in the diagram (figure 12).

The study’s results showed that, according to the
criterion of minimising the value of relative deforma-
tions in the ligaments, fixation by Weber’s method and
the proposed hinge-type fixator showed approximately
equal results, which makes it impossible to give an un-
ambiguous preference to any of these methods.

Discussion of the research results.

As a result of the studies, it was found that in case
of lig. conoideum injury, the best results in reducing
the stress level in the intact ligaments are provided by
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lowest level of stresses and
relative deformations in in-
tact ligaments, but the level
of stresses in the sintered wire during limb abduction in
conditions of lig. conoideum 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 in terms of stress level, but is inferior to all
other fixation methods regarding relative deformations
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 fairly low level of stresses and the
magnitude of relative deformations in intact ligaments.

Prospects for further research.

It is planned to study the stress-strain state of the
acromioclavicular joint in case of damage to both liga-
ments of the coracoclavicular joint.
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Halibinsw nowupeHumu criocobamu gpikcayii npu 8usuxax aKpomMiaabHO20 KiHUa Kaovuyi (AKK) € 2aukonodibHa
naacmuHa ma memoo Bebepa 3 8UKOPUCMAHHAM CePKAAHHOo20 Opomy. Yepes sidcymHicme YimKux 3HAHb PO
me, aKuli cnocib ¢ikcayii € Halikpauwum, HeobxiOHi 000amkosi 00CniOHeHHA WOo00 BU3HAYEHHA MUMOMOI 8aau

cmamuyHux cmabinizamopis.

Mema — nposecmu nopieHAAbHUL aHANI3 HAMPYHEHO-0eghopMOBAHO20 CMAHY HAOMAEY0B0-KAYUYHO20
cyenoba npu ywKooOxeHHi KoHiyHoi 38'a3ku (lig. conoideum) i ghikcauii akpomianbHo20 KiHYA Karovuui 3a Bebepom,

hook plate ma 3anponoHoO8aAHOO KOHCMPYKUIEO.
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B daHomy OocnidxceHHi Mo0Oenosanu yuIKoOxeHHs 38'A30K Ha0M1e4080-036060M100i6HO20 KOMII/IeKcy, a came
lig. conoideum ma ikcayiro akpomianbHo20 KiHUA Kar4vuyi mpeoma crnocobamu: 3a Bebepom, hook plate ma
30MpPONoOHOBAHOI KOHCMPYKUiero. Modeni 00cnioxcysanu nio 8naueom HABAHMAXEHb, AKi Oitomb Ha HAOMAe4080-
KAoYuYHUl cyenob npu siosedeHHi 8epxHboi KiHYyieKu Ha Kym 90°.

BcmaHosneHo, wo npu ywKooxeHHi lig. conoideum Halikpaw,i pe3ysnemamu 3 MOYKU 30py 3HUMCEHHA pieHA
HaMpyxeHb 8 HeyWKOoOMeHUX 38'A3Kkax 3abesneuye ikcauis AKK 3a Bebepom. OOHaK, yeli memod ikcauii
npu3eooums 00 Mid8UWEHHSA HANpyxeHb 8 Opomi 00 pieHsA, AKUU NMepesuwyye Mmexcy MiyHocmi XipypeiyHoi cmarti,
3 AKOI 8iH 8U2omossneHull. Yacmkosum pilueHHAM yiei npobaemu Moxe cmamu 8UKOPUCMAHHA Opomy 3 MUMaHy,
Mexa MiyHocmi fKoz2o 8 08idi nepesuwiye xipypeiyHy cmane. LlapHipHuli ¢pikcamop 3 3abe3neuye Halikpawul
p03M00in HanpymeHs 8 KiICMKosux enemeHmax moodesi ma 0ocumeo HU3bKIl ix pieeHb 8 HEYWKOOHEHUX 38 'A3KaX.
®ikcamop hook plate 3alimae cepedHrO NO3UUit0 30 piBHEM HAMPYH(EHb, A 30 8e/1U4UHOI 8i0HOCHUX OeghopmMayili 8
38'A3KaAX NMPO2PAE 8CIM iHWUM Memodam iKcayil.

dikcauis aKkpomianbHO20 KiHUA Kao4uuyiza Bebepom3dabesneyyeHalHUX YUl pieeHb Hanpy#eHb 8 HEY WKOOHEHUX
38'A3KaXx, as1e piseHb HAMPYHeHb 8 CEPKAAHHOMY Opomi npu 8i08edeHHi KiHYieKU 8 yMosax ywKoOxeHHs lig. conoi-
deum nepesuwye mexcy miyHocmi xipypeiyHoi cmani. @ikcamop hook plate 3alimae npomixcHy nosuuiro 3a pisHem
Hamnpy»3eHsb, ane 3a 8esU4UHO 8i0HOCHUX Oehopmayili 8 38'A3Kax MOCMYNAEMbCA 8CiM iHWUM Memodam gikcauii.
®ikcamop wapHipHo2o muny 3abe3nevye Halikpawuli po3nodin HANPy#eHb 8 KicmKosux esemeHmax mooesi, a
makox 0ocums HU3bKUl ix pieeHb | 8enuvUHy 8i0HOCHUX 0epopmauili 8 HeyUIKOOHEeHUX 38'A3KaX.

Knro4oei cnosa: Hadnneyoso-kAouu4HuUll cyenob, 38'a3Ku, gikcayis.

38’A30K ny6aikauii 3 nnaHoBMMM HayKOBO-AOCNig-
HUMK poboTamu.

PoboTa BMKOHaHa B pamkax HAP «Po3pobutu meto-
[OM paLioHaNnbHOro NiKyBaHHA BOTHEMabHUX Nepeiomis
KiHLIBOK Ha MiAcCTaBi BMBYEHHA npouecy pereHepawii
TKaHUH», Ne aep»aBHoOi peecTpau,ii 0123U104220.

Bcryn.

BuBMXM aKpomianbHoro KiHus Kawouuui (AKK) ckna-
natTb 3-26% Big 3arasibHOI KinbKocTi BUBKMXIB Ta 10% BiA,
Tpaem nnevyosoro noscy [1]. CtabinbHictb AKK 3abesne-
YYETBLCA CTATUYHUMM Ta AMHAMIYHUMM cTabinisaTopamu.

Mpy moaentoBaHHI MmaTepian BBaKanu OAHOPIA-
HUM Ta i30TPOMHMM. B AKOCTI CKiHYEHOro enemeHTty
6yB 0bpaHuii 10-By3710BUI1 TeTpaeap 3 KBAAPATUYHOMO
anpokcMmaliiero. MexaHivHi BNacTMBOCTI maTepianis Bi-
AaibpaHo 3 axkepen nitepatypwm [8, 9, 10, 11, 12]. Buko-
pucTaHi xapakTepuctnkm (E — mogynb npyxHocTi FOHra,
v — KoeodiujieHT MNyaccoHa) HaBeaeHi B Tabauui 1.

Mpun npoBeAeHHi AOCNIAXKEHHA MOAENOBANM Ha-
BaHTa)KeHHs, fAKi aitoTb Ha HKC cyrnob npu BigBeaeHHi
BEPXHbOT KiHLiBKKM Ha KyT 90°. [lo moaenei npuknaganm
CUAK, AKI imiTyBanu Ajto m’a3is: cepeHa nNopuis AenbTo-

BuAHoOro m’asy — 173,4 H, nepeaHa nopuisa AenstoBua-
Horo m’asy — 121,9 H, cepegHa nopuia AeNbTOBUAHOIO
m’azy —371,3 H, HagocTtucTnin m’a3 — 190,7 H, nignonat-
KoBM m’a3 — 1029,8 H, nigoctnuctmii m’sas — 55,6 H [13].
Cxema HaBaHTaXKeHHA MoAeni HaBeAeHa Ha PUCYHKY 3.
[na NopiBHAHHA BENMYUH HaNpPyXKeHb B e/emMmeHTax
MoZenel 3 PiSHUMMU YLWKOAKEHHAMM Ta BapiaHTamu

IcHye 6araTo cynepeyoK Woao Toro, AKi 3 HUX BifirpatoTb
HaMBAXK/MBIWY PO/b, WO BN/AMBAE Ha BMbip cnocobis
onepaTMBHOrO /liKyBaHHA [2].

Halibinbw nowunpeHnmn metogamm oikcauii AKK €
raykonogibHa nnactuHa [3] Ta meTog Bebepa 3 BuKOpUC-
TaHHAM CEPKAANKHOIO ApoTy [4].

KorkeH 3 cnocobis diKkcaLii mae cBoi nepeBaru Ta He-
poniku [5]. Hapasi He icHye YiTKMX [0KasiB TOro, AKui
cnocib Kpawuii, Tomy Moro BMbip 4acTo 3anexuTb Bif
ocobucTmx ynogobaHb Xipypra, L0 3yMOB/OE HeObXia-
HICTb NOAANbLUMX A0AATKOBUX AOCANIAKEHD PI3HUX CNO-
cobiB ¢ikcauii AKK Ta ix BN/MB Ha HaAN/IEYOBO-K/IHOUNY-
HUI cyrnob.

MerTa gocnigKeHHs.

MpoBecTy NopiBHANBHUI aHaNi3 HanpyXeHo-gedop-
MOBAHOTO CTaHy HaAMN/e40BO-K/OYMYHOrO cyrnoba npu
yLIKOAKEHHI KOHiYHOI 38’A3KM (lig. conoideum) i pikcau,i
aKpOMiafibHOTO KiHUA Katounui 3a Bebepom, hook plate
Ta 3aNpONOHOBAHO KOHCTPYKLLEH.

O6’eKT i meTOAU AOCNiAXKEHHA.

B nabopatopii 6iomexaHikn AY «lHCTUTYT naTonorii
XpebTa Ta cyrnobis im. npod. M.l.CuteHka HAMH Ykpa-
iHM» Byna nobynoBaHa CKiHYEHO-efleMeHTHa MofAesb
Haanne4yoBo-kAouMYHoro cyrnoba (HKC), ska cknaga-

PucyHoK 1 — BapiaHTu mopgeni 3 ywkogeHHAM lig. conoideum.

Tabnauua 1 — MexaHiuHi xapaKTepucTuKku
BMKOPUCTaHUX maTepianis

Naca 3 N0NaTKM, KAOYMLI Ta 3B’A30K HaANNEYOBO-KI0- Moaynb npyxc-ly oo | Mexa
UYMYHOTO Ta A3b06O-KNOUMYHOrO Komnekcis [6]. B aa- Martepian HocTi IOHra E, | W) [mibHocCTi,
HOMY [JOCAIAMKEHHI MOAENIOBANN YIIKOAMKEHHA 3B’A30K Mna : Mna
Haf4NNeu0BO-A3b060M0AIGHOr0 KOMMAEKCy, a came lig. | ROPTMKanbHa KicTka 18350,0 03 170,0
conoideum (p1CcyHOK 1). lybyacTa KicTKa 1040,0 0,3 10,0
Tako mogentosanu dikcauito AKK Tpboma cnocoba- | 3BA3KM 330,0 0,4
mu: 3a Be6epom, hook plate Ta 3anponoHoBaHot KoH- | XPAW 5,58 0,44
cTpyKujeto [7] (pUcyHOK 2). XipypriyHa ctanb AlSI 316L 200000 0,30 505,0
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a

0

B

PucyHoK 2 — Mopgeni 3 dikcaujielo akpomianbHOro KiHua Kaouuu,i, ge: a — 3a Be6epom; 6 — pikcatopom hook plate;
B — piKCaTopom 3anpOnNOHOBAHOK KOHCTPYKLEH.

PucyHoK 3 — Cxema HaBaHTaXXeHHA mopaeni.

Pe3ynbratu gocnigKeHHs.

Ha nepwomy eTtani poboTn BMBYANAN 3MiIHW Hanpy-
eHo-4edOpPMOBaHOro CTaHy MoAeni B pe3y/abTaTi ylu-
KOAMKEHb 3B’A30K KNOUYMUYHOro-A3b060noaibHoro Komn-
nekcy. Po3noain Hanpy»KeHb B MOAENi 3 YLIKOAKEHHAM
lig. conoideum HaBegeHa Ha PUCYHKY 5.

BiaBeaeHHI BepXHbOI KiHLIBKM NPWU MOLIKOAMKEHHI
lig. conoideum npu3BoaMTbL 4O NiABWULLEHHA PiBHA Ha-
NPy*KeHb Ha TPYAMHHOMY KiHUi Katoumui oo 4,3 MMa
Ta Ha akpomianbHomy — go 63,0 Mla. B cepeaHin ya-
CTUHI  KAIOYULI BEIMYMHA HaMpPY)KeHb 3a/MLWAETbCA
He3MiHHOlo. Ha nonaTtui cnoctepiraeTbcA 3pOCTaHHA
piBHA HAMPY)KeHb Yy BCiX KOHTPONAbHUX TOYKAX, 3 MakK-
cumymom 43,7 MMa Ha ii akpomianbHOMY BigpPOCTKY.
Hanpy»KeHHA Ha BCiX HEMOLIKOAMKEHMX 3B’A3KaX TaKOX
36inbwytoTbcA, pocaratouM  makcumymy 110,8 Mrla

n 9 10

12

a

7,

PuUcyHOK 4 — CxeMa po3TallyBaHHA KOHTPONbHUX TOYOK: a — BUA cnepeay; 6 - Bua 3sepxy.

dikcauii 6ynm obpaHi KOHTPO/bHI ToUKM. Cxema po3Ta-
LUIYBAHHA KOHTPO/IbHMX TOYOK HaBefeHa Ha PUCYHKY 4
Ta B Tabnuui 2.

PeecTpyBann MakcMmanbHUI piBeHb HaMpy*KeHb B
3B’A3KaXx, KiCTKOBMX e/eMeHTax Ta Ha MeTaNeBUX KOH-
CTpyKLUiAX. OKpim TOro, BMBYa/NN BEAUYMHU BIAHOCHUX
nedopmauin B 38’A3Kax. MoOpiBHAHHA pe3ynbTaTiB Moge-
NOBaHHSA 34JMCHIOBANM 3 MOALENI0 HAAMN/IEYOBO-KtO-
ynyHoro cyrnoba, HanpyKeHHo-AedOPMOBaAHUI CTaH
AKOI JocnigKyBann B Hawoi nonepegHin poboti [6].
MNobyaoBy moaeni 3aiicHioBann B nporpami SolidWorks
[14]. Po3paxyHKM Hanpy*eHo-a4edOpPMOBAHOIO CTaHy
MoZeNiel BUKOHYBANM 3 BWMKOPMUCTAHHAM MPOrpamu
ANSYS [15].

Ha lig. acromioclaviculare inferior. Ta 94,0 MMNa Ha lig.
trapezoideum.

Po3nogain Hanpy»eHb B KiCTKOBUX e1eMeHTax Moaei
i 38’A13Kax Npw ylWKoaKeHHi lig. conoideum 3 dikcauieto
AKK 33 Bebepom HaBegeHO Ha PUCYHKY 6.

dikcauis 3a Bebepom, B nopiBHAHHI 3 mogennto 6es
odiKcauii, BUKNMKae 3Ha4YHe 3pocTaHHAa go 203,5 MIlla
piBHA Hanpy»eHb Ha AKK Ta go 180,1 Mla Ha akpo-
MialbHOMY BMPOCTKY sionaTku. MNpu ubomy Ha ii me-
AianbHOMY Kpal Ta Ha A3bobononibHomy BiapoCTKy
BM3HAYAETbCA HE3HAYHE 3HMMKEHHSA PiBHA HaMpy*KeHb.
HanpyKeHHA Ha HeyLIKOAMKEHNX 3B A3KaX TaKOXK 3HUKY-
1oTbCA, | HabyBaoTb Makcumymy 73,8 MMMa Ha lig. acro-
mioclaviculare superior.
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3HUKEHHA PiBHA Hanpy)KeHb B 3B’A3Kax

Tabnaunua 2 — KOHTPOAbHI TOUKK

BifOYyBa€eTbCA Yepes Te, WO HaABAHTANKEHHSA eRTE . . Enement

NnepKkNafjaloTbCA Ha eeMeHTU MeTaneBoi | witouku AHaToMi4Ha AinAHKa mogen

KOHCTPYKL,i. TaK, HanpyXeHHA Ha WnnuAax 1 naTepanbHui Kpail

pocaratotb 266,0 MMNa Ha nepegHin wnuui 2 meaianbHwii Kpaii

i 231',5 MMa Ha 3agHili. 3Ha4yHO ripwa cu- 3 P ——— nonatka

Tyauisi 3 APOTOM, A HanpyeHHs cAraioTb 2 £136060M0AIGHIT BIAPOCTOR

630,3 MIlla, Wo nepeBULLYE MEXY MiLHOC- - —

Ti xipypriyHoi ctani (505,0 MMa). Le moxe > aKpOMfa“bHMT BlAPOCTOK

NPU3BECTU 40 PO3PUBY APOTY i, AK HACAIAOK, 6 AkpoMIanbHUK KiHelb

[0 BTPaTh cTtabinbHocTi HKC. U TRYANHHVV KIHELL kuounuA
Ha pucyHKy 7 HaBeaeHO PO3MOAin Ha- 8 Tino

MpPY3KeHb B KICTKOBMX e/leMeHTax Ta 3B’A3Kax 9 KoHi4Ha (lig. conoideum)

MoAeni 3 ywkoaxeHHam lig. conoideum npw 10 |tpaneueenogai6Ha (lig. trapezoideum)

oikcauii AKK hook plate. 1 BEPXHA HaANNe40BO-K/I04MYHA 3B'A3KM
MpoBeAeHi AOCAIAKEHHS MOKa3au, Lo (lig. acromioclaviculare superior)

BUKOpUCTaHHA hook plate npu yLwKogKeH- 12 lig. acromioclaviculare inferior

Hi lig. conoideum, B nopiBHAHHI 3 moaen-
nto 6e3 dikcauii, 4O3BONAE 3HU3UTU PiBEHb HaMNpPYXKeHb
B 3B’A3KaxX K/OYMYHO-aKPOMIa/IbHOTrO 34/IeHYyBaHHA, a
came Ha lig. acromioclaviculare superior HanpyXeHHs
3HMXKYIOTbCA A0 67,3MIMMa, a Ha lig. acromioclaviculare
inferior — 92,7 MMa. Hanpy:keHHA Ha lig. trapezoideum
He3Ha4yHo niasuLytoTbea Big 94,0 MlMa oo 98,6 MlMa. B
KICTKOBMX efleMeHTax MOZei CMOoCTePiraeTbCA 3HUMKEH-
HA PiBHA HANpPyXXeHb B KAOYMLi Ta Ha A3bobonogibHomy
BMPOCTKY /IONATKW. B iHWNX KOHTPO/IbHUX TOYKax sionat-
KM HaMpy>KeHHA He3HAYHO NiABMLLYIOTbCA.

CTOCOBHO MeTaneBOi KOHCTPYKLii, TO HANPYXeHHA Ha
il enemeHTax He HabyBalOTb KPUTUYHMX 3HAYEHD i cAra-
10Tb Makcumymy 305,0 MIMa B nAacTMHI. HanpyXeHHA Ha
NaTepanbHOMY FBMHTI BU3HAYalOTbCA HA No3Hauui 148,4
MnMa, Ha megianbHomy — 165,3 MIa.

HanpykeHo-gedopmoBaHUil CTaH Mogeni 3 yLKo-
AxeHHAM lig. conoideum npu ¢ikcauii AKK 3anponoHo-
BAHOK KOHCTPYKLEID, HAaBEAEHO Ha PUCYHKY 8.

B nopisHAHHI 3 mogennto 6e3 dikcauii, dikcaTop
LWAPHIpHOro TUNY A03BO/AE 3HU3UTU PiBEHb HANpPYXKeHb
Ha BCiX HeyLKOAXeHUX 3B’A3KaX, MaKCMMasbHe 3Ha-
YyeHHA 68,0 MIMa BU3Ha4aeTbcA Ha lig. trapezoideum, a
Hanpy*KeHHsA Ha lig. acromioclaviculare superior 3HUXKY-
I0TbCA HUMXKYe piBHA HopmK Ao 35,3 MIa. Takox crnocTe-
piraeTbCcA 3HUMKEHHA BEIMYMH HaMNPy»KeHb, MPAKTUYHO
00 PiBHA HOPMM, B KAtOYMLI Ta Ha ii aKpomiasnbHOMY Ta
A3bobonoaibHoMy BUPOCTKaX.

Cepep, enemeHTIB MeTaneBOi KOHCTPYKL,i HanbinbL
HaMpy>XeHUMKN BM3HayaTbcA YactuHm — 384,0 MMa i
187,0 MIMa Ha nonaTui Ta KAouuLj, BignosigHo. Ha ¢ik-
CYHOUMX FBUHTAX HaMpPYXXeHHA He NepeBuLLYOTb NO3Ha-

81,786

a

0

PucyHoK 5 — Po3nogin Hanpy)eHb B enemeHTax mogei 3 ywKoaKeHHsam lig. conoideum, ge: a — B KicTKOBUX enemeHTax; 6 — B 3B’A3Kax.

81,786 81,796

0

PUCYHOK 6 — Po3nogin Hanpy}KeHb B elemeHTax mogeni 3 ywkoakeHHam lig. conoideum npu dikcauii
aKpPOMianbHOro KiHuA Knouuui 3a Be6epom, ge: a - B KiCTKOBUX enemeHTax; 6 — B 38’A3Kax.
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a

PucyHOK 7 — Po3nogain Hanpy»KeHb B eleMeHTax mopaeri 3 ywkoaxeHHam lig. conoideum npu ¢ikcauii AKK dikcatopom hook plate, ge:

a — B KiCTKOBUX enemeHTax; 6 — B 3B’A3Kax.

81,786

L= = =]

a

PucyHoK 8 — Po3nogin Hanpy»KeHb B enemeHTax mogeni 3 ywkogeHHam lig. conoideum npwu ¢ikcauii AKK 3anponoHoBaHOI KOHCTPYKL€ElO,
Ae: a — B KiCTKOBUX enemeHTax; 6 — B 38’sA3Kax.

Ta6nuua 3 — BeAMUNHU Hanpy>KeHb B KOHTPOJIbHUX
TOUYKax mogeni 3 ywKoaeHHam lig. conoideum npu
pisHux BapiaHTax ¢ikcauii AKK

Hanpy»eHHa, Mla
Control points 6e3 dik- |3a Bebe-| hook )
Hopma cauji pom plate tHapHip
1 (193 20,1 22,2 21,0 22,7
2 | 11,2 10,0 9,6 9,4 10,3
JNlonaTka 3 | 32,5 34,8 43,2 36,2 56,0
4 | 28,2 42,4 23,6 45,9 31,7
5 | 279 43,7 180,1 41,6 31,0
6 | 21,2 63,0 203,5 44,8 26,2
Kntounua 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
E 10 | 50,6 94,0 47,2 98,6 68,0
38’A3KM
11 | 39,5 85,3 73,8 67,3 35,3
12 | 48,2 110,8 56,5 92,7 59,2

YoK 74,2 MIMa Ha kntoumui Ta 58,7 Mla Ha akpomianbHoO-
MY BigpOCTKY.

[aHi BeANYMH MAKCUMANbHUX Ha-
Npy>KeHb B KOHTPOJbHWMX TOYKaX MO-

3HU3UTU pPiBEHb HaMpPy)KeHb B KiCTKOBUX eNeMeHTax
MOZe/li, @ TaKOX B HeyLIKOAKeHUX 3B’A3Kax. BUHATOK
cknagae dikcauia 3a Bebepom, ska npusBoaMTb 40 Mia-
BULLLEHHA PiBHA Hanpy»XeHb Ha AKK Ta akpomianbHomMy
BUPOCTKY sionatku B 10 pasis. Lle nos’a3aHo 3 TMM, WO
HaBaHTAXXEHHA MiXK LMMU Biaginamun nepefaerbca 3aB-
OSKN APOTY, AKMIU MA€E HEBEIMKUIA AiameTp i, AK Hacni-
[OOK Many NAoLLy KOHTAKTYy 3 KICTKOBOK TKaHMHOLO.

[aHi Nnpo BeNMYMHM HaMpy»KeHb B enemeHTax me-
TaNeBUX KOHCTPYKLUiA Mmogeni 3 ywkogxKeHHam lig.
conoideum npu pisHMx BapiaHTax ¢ikcauii AKK HaBeaeHi
B Tabnuui 4.

TaKMM YMHOM, MAKCMMAsbHI HanpyxeHHA Ha cep-
KNSXKHOMY APOTi NPW yWKoAXKeHHi lig. conoideum npu-
nagatoTb Nif vac BigBeAEHHA KiHLiBKM i CAratoTb NO3HAY-
Kn 630,3 MMa, wo nepesuwye mexy miuHocti 505,0
MnMa xipypriyHoi cTani, i MoXKe cTaTM NPUYMHOI 1MOro
po3puay.

OcTaHHIM eTanom poboTW BUBYANU BENUYMHU Bia-
HOCHUX AedopmaLii B 3B’A3Kax moaener B Hopmi

Tabnuua 4 — BeaMunHM HanpyKeHb B e/1IeMEHTaX MeTa/IeBUX KOH-
CTPYKLUili mogeni npu nowKopgKeHHi lig. conoideum npwm pisHux

BapiaHTax ¢ikcauii AKK

nenen 3 ywkogKeHHam lig. conoideum

. . . H Mn
npu pisHux BapiaHTax ¢ikcauii AKK Ha- 3NPyMEHHA, V2
BeeHi B Tabamui 3. _ « s | % = P IR I
MOpiBHANBHI  BEAMUMHKU  Hanpy- ?izlcaami? = gr& §r§ s | 5% = E| s £l = ::g: s g s 3
. o (] ol
K€Hb B KOHTPOJbHMUX TOYKax mogeni . < | 52§ § § 'é_'; = g = § = § 2|z 5| =2
3 ywKoaseHHAm lig. conoideum npwu C c | e s eES(ex[e2s|e=x
pi3HMX BapiaHTax ¢ikcauii AKK npeg-
CTaBNeHi Ha PUCYHKY 9. 3a Bebepom | 630,3 | 266,0 | 231,5
Bci BapiaHTu dikcauyii AKK npu yw- |hookplate 305,2|148,4| 165,3
KogsKeHHi lig. conoideum possonsatots [WaPHIP 384,0|187,0] 58,7 | 74,2
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Ta NpU yWwKoAKeHHi lig.
conoideum, a TakoxX npwu
BCiX BapiaHTax  ¢ikcauii
AKK. KapTtuHa posnoginy
BiIHOCHMX nedopmauin
B 3B'A3Kax Ha mogeni B
HOPMi Ta NpWU YLUKOAMKEH-
Hi lig. conoideum 6e3 ¢ik-
cauii AKK HaBegeHa Ha
PUCYHKY 10.

Mpwn nowkKoaxeHHi lig.
conoideum Ta BiACYTHO-
cTi  poaaTkoBol  diKcauil
BigHOCHIi pedopmauii lig.
acromioclaviculare superi-
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4 g [ 7 8 9 10 11 12

KOHTPONBHI TOUKKM

W bea dikcauii M 3a BeGepom Hook plate @ UapHip

or Ta lig. acromioclaviculare
inferior BM3HayatOTbCA Ha
piBHi 24% Ta 33%, Bigno-
BiAHO. BigHoCHiI aedopmadii lig. trapezoideum He nepe-
BuLLytoTb 30%.

Po3nogin BigHOoCHUX Aedopmalii B mogenax 3 pis-
HMMKM BapiaHTamm o¢ikcauii AKK npu ywkogxkeHHi lig.
conoideum HaBeAeHO Ha PUCYHKY 11.

3acTocyBaHHA ¢ikcal,ii 3a Bebepom 4,03BONAE 3HU3U-
TV BigHOCHI gedopmalii BCix HEeYLIKOAKEHNX 3B A3KaX i
BM3HA4aloTbCA Ha piBHi 14% ans lig. conoideum. Makcu-
MaJIbHWUI piBeHb BigHOCHMX aedopmaliii 19% BM3HaYa-
€Tbcs Ha lig. acromioclaviculare inferior.

dikcaTop hook plate, B nopiBHAHHI 3 mogennto 6es
diKcauii, 4O3BONSE 3HU3UTU PiBEHb BigHOCHMX Aedop-
mauin lig. acromioclaviculare superior go 20%, a lig. ac-
romioclaviculare inferior — oo 28%. B Toit xe
yac BigHoOCHI gedopmalii lig. trapezoideum
36inblwytoTbes Ao 30%.

Tabnuua

PuUcyHOK 9 — [liarpama BeNMUYUH HaNpPyKeHb B KOHTPONIbHUX TOYKAX MOZENI 3 YLUKOAKEHHAM
lig. conoideum npw pisHux BapiaHTax ¢ikcauii AKK.

03

015
0,13125
01125
0,00375
0,075
005625
0,0375
0.01875
0

PucyHok 10 — Po3nogin BigHOocHMX Aedopmaliii B 38’A3Kax mogeni
npu ywkoasKeHHi lig. conoideum 6e3 gikcauii.

5 — MaKkcumanbHi BeIMYMHM BigHOCHUX aedopmalLliit

B 3B’A3Kax moaeneit npu ywKkopgKeHHi lig. conoideum

dikcaTop WapHipHOro TUNY 3HUXKYE BiA-
HocHi aedopmauii lig. acromioclaviculare
superior Hux4e piBHA Hopmn o 10%, ane

3a/IMIAE HA O0CUTb BMCOKOMY piBHI 21%

BiAHOCHI aedopmalii lig.conoideum Ta 18%

lig. acromioclaviculare inferior.

[aHi Nnpo MmaKcMmanbHi BEIMYUHU BigHO-

BigHocHa pedopmauis, %
KOHTpO/IbHI TOUKM Hopma 6es ik- | 3aBebe- | hook wapHip
cauii pom plate
lig.conoideum 13 33 14 19 22
lig.trapezoideum 19
lig. acromioclaviculare superior| 12 32 13 12 16
lig. acromioclaviculare inferior | 14 22 17 16 14

CHUX gedopmau,iin B 38’A3Kax Mogesiel Hase-
OeHi B Tabauui 5.

CniBBiAHOLWEHHS BE/IMYUH BiAHOCHUX Aedopmauin
B 3B’A3Kax mMogesniel npu ywKoasKeHHi lig. conoideum
npeAacrasieHo Aiarpamoto (pUCyHok 12).

Pe3synbTaT NpoBeAEeHOro AOCAIAXKEHHS MOoKasanu,
O 3@ KPUTEPIEM MiHiMmi3aLii BEAMYMHM BIAHOCHUX Ae-
dopmauili B 38’A3Kax ¢ikcauis 3a meTtogom Bebepa Ta
3aMponoHoBaHMM ¢GiKCAaTOPOM LIAPHIPHOFO TUMY MOKa-

3aAM NPUBNU3HO PiBHI Pe3ynbTaTy, WO YHEMOXKIUBIIOE
OfHO3HAYHe HaZaHHA nepeBary byab-AKOMY 3 LUX Me-
ToAiB.

O6roBopeHHA pe3yNbTaTiB AOC/AIAMKEHHS.

B pesynbraTi NnpoBeseHUX AOCNIAMEHb BCTaHOBME-
HO, WO Npwu ywKoaxKeHHi lig. conoideum HalKpali pe-
3yNbTaTU 3 TOYKM 30PY 3HUIKEHHSA PiBHA HanpyXeHb B
HeyLlKoAXeHUX 3B’A3Kax 3abesneudye dikcauia AKK 3a

03

0,15
013125
01125
0,09375
0,075
0,05625
0,0375
0,01875
0

-

‘S
K

a 0

PucyHok 11 — Po3nogin BigHOCHUX AedopmaLiii B mogensax npm ylkoaKeHHi lig. conoideum:
a — dikcauin 3a Bebepom; 6 — pikcatop hook plate; B — pikcatop 3anponoHoBaHOT KOHCTPYKLii.
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acromioclavicular superior acromioclavicular inferior
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conoideum trapezoideum
WHopma Mbes gikcauii W 3a Bebepom Hook plate

HO BiAHOCHMX aedopma-
L B 3B’A3Kax Nporpae BCim
iHWKMM cnocobam dikcauii.

BucHosKuM.

1. ®ikcauia AKK 3a Be-
6epom 3abesnedyye Hait-
HUKYMI piBEHb HAMPYKEHDb
i BigHOCHUX aedopmalii B
HeyLWKoAKEeHUX  3B’A3KaX,
ane piBeHb HanpyXeHb B
CEePKAAXKHOMY ApOTi npw
BiABeAEHHI  KiHUIBKM B
yMOBax ywKoaxKeHHA lig.
conoideum nepeBuLLyE
MeXy MILHOCTI  Xipypriy-

W WapHip

PucyHok 12 - [liarpama BesIM4MnH BigHOCHUX gedopmaliii B 38’a3Kax mogenei
npu ywkoaKeHHi lig. conoideum.

Bebepom. OgHak, uii meTog o¢ikcauii Bege Ao nigsu-
LEeHHA HanpyXXeHb B APOTi 4O PiBHA, AKMIA NepeBULLYE
MEXY MILHOCTI XipypriyHoi cTani, 3 AKOi BiH BUroTOB/E-
HUI. Lle moXKe CTaTh NPUUYNHOI PO3PUBY CEPKAANKHOIO
Apoty i BTpatu ctabinbHocTi HKC. YacTKoBMM pilleHHAM
Liei npobnemn Mmoske CTaTv BUKOPUCTaHHA APOTY 3 TUTa-
HY, MeXa MILHOCTI AKOro B ABiYi NepeBuLLYE XipypriuHy
cTanb.

HOI CTani, WO Mo¥Xe cTaTu
NPUYMHOK PO3PUBY APOTY
i BTpaTtu ctabinbHocti HKC.

2. ®ikcatop hook plate 3aiimae npomixkHy nosuLito
33 piBHEM HaMpy)KeHb, ane 33 BEJANYMHOK BiAHOCHWUX
aedopmauiii B 38’A3Kax MOCTYNaETbCA BCIM iHWMM Me-
Topam dikcauii.

3. ®dikcaTop 3anponOHOBAHOI KOHCTPYKLii 3abes-
neyye HalKpawmit po3nofin HanpyxeHb B KiCTKOBMX
efleMeHTax MoZAeni, a TaKOX [0CUTb HU3bKUI iX piBeHb
i BEIMUMHY BigHOCHUX AedopMaliini B HEYLIKOAKEHUX

3B’A3Kax.
MepcneKTUBM NOAANbLINX AOCNIAMXKEHD.
MnaHyeTbcA AOOCNIAKEHHA HanpyxeHo-gedopmo-
BAHOrO CTaHy HaAMN/Ie4oBO-KAYMYHOTO Cyrnoby npwu
yLIKoAKeHHI 060X 3B8'30K A3b060-KNHOUMUYHOTO 3UEHY-
BaHHA.

LlapHipHUIA ¢ikcaTop 3anpONOHOBAHOI KOHCTPYKLT
3abe3neyye HaWKpawmii PoO3NOAiN Hanpy»KeHb B KiCT-
KOBMX efeMeHTax MoAeni Ta AOCUTb HU3bKIl iX piBeHb
B HeyLlwKoaxeHuX 38"a3Kax. PikcaTop hook plate 3aiimae
cepeaHto No3uLito 3a PiBHEM HaMpyKeHb, a 3a BeANUn-
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AHAI3 PO3MOAINY HAMNPYXEHb B HALAMNJIEYHOBO-KNIOYUYHOMY CYINOBI NPU YLWKOAKEHHI KOHIYHOT
3B’A3KU | PI3HUX CNOCOBAX ®IKCALIT

byp’aHoB O. A., Keawa B. M., YekywuH A. A., 3agHiueHKko M. O., KapniHcbkui M. 10., fipecbko O. B.

Pestome. Bcmyn. BuBMXM aKpOMia/IbHOTO KiHUA KAOYMLi TPanastoTbCA AOCUTb YacTo, cKnagaroun 3-26% Big,
3arasibHOI KinbKocTi BUBMXiB Ta 10% BiA TpaBm nae4voBoro noscy. Halbinbw nowmpeHnmn metogamm dikcauii € rau-
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METOAUN TA METOAUKU / METHODS AND METHODOLOGIES

KomnoZibHa nnacTMHa Ta meTog Bebepa 3 BUKOPUCTAHHAM CEPKAAMKHOTO APOTY. Yepes BiACYTHICTb YiTKMX 3HAHb NPO
Te, AKUIN meTog, dikcauii € HallKpalLmMm, HeobxigHi AoAaTKOBI AoCNiAKeHHS.

Mema: npoBecTV NOPIBHANBHUIN HanpyXeHo-4edOPMOBAHOTO CTaHy HAAM/IEYOBO-KAUYMYHOrO cyrnoba npu
yWKOAXeHHi TpaneuienoaibHoi 38’a3ku (lig. conoideum) i dikcaLii akpomianbHOro KiHuA KatouumLi 3a Bebepom, hook
plate Ta 3aNpPONOHOBaHOI KOHCTPYKL,EtO.

06’ekm i memoou 0ocnidmceHHA. B gaHOMy AOCNiAKeHHI MOAentoBann YLIKOAMKEHHA 3B’A30K Hagnieyo-
BO-A3bobonoaibHoro komnnekcy, a came lig. conoideum. MogentoBanu dikcauito akpoOMiaAbHOTO KiHLA KAHOYMLL
Tpboma cnocobamu: 3a Bebepom, hook plate Ta 3anponoHoBaHO KOHCTPYKUieto. Mogaeni gocniaxKysanu nig snam-
BOM HaBaHTaXeHb, AKi A4it0Tb Ha HaANNE€40BO-KAKUYNUYHUI Cyrnob Npu BiaBeaeHHI BepPXHbOT KiHLiBKM Ha KyT 90°.

Pe3ynbmamu. BigBefeHHi BEpXHbOI KiHLLiBKM NpW HAaABHOCTI po3puBy lig. conoideum npr3BoanTb 4,0 NiABULLEH-
HA PiBHA HaMpPy)KeHb HA FPYAUHHOMY KiHUi Katounui go 4,3 Mla Ta Ha akpomianbHoMy — a0 63,0 MIMa. Ha nonatui
CMOCTEPIraeTbCA 3pOCTAaHHA PiBHA HAaNPY*KeHb 3 MaKcumymom 43,7 MIa Ha il akpoMianbHOMY BigpOCTKy. HanpykeH-
HA Ha 3B’A3Kax 36inblytoTbea Ao 110,8 MMMa Ha lig. acromioclaviculare inferior Ta 94,0 MMMa Ha lig. trapezoideum.

®ikcauin 3a Bebepom BMKAMKAE 3HAUYHe 3pocTaHHA Ao 203,5 MIa piBHA Hanpy»KeHb Ha aKPOMiaIbHOMY KiHLLi
Kntounui Ta go 180,1 MMMa Ha aKpomianbHOMY BUPOCTKY SIONaTKWU. Hanpy»KeHHA Ha HeyLWKOAKEHMX 3B’ A3KaX TAKOXK
3HUKYIOTbCA A0 Makcumymy 73,8 MIMa Ha lig. acromioclaviculare superior. Hanpy»KeHHA Ha WNUUAX AOCATaloTb
266,0 MMa Ha nepeaHin wnuui i 231,5 MlMa Ha 3aA4Hil. 3HaYHO riplua cUTyaLia 3 APOTOM, e HanpPyXeHHA CAraloTb
630,3 MMMa, Wo nepeBuLLYE MeXY MiLLHOCTI XipypridHoi ctani 505,0 MMMa.

BukopuctaHHsa hook plate no3Bonsie 3HM3UTM HanpyxeHHs Ha lig. acromioclaviculare superior go 67,3MMa,
a Ha lig. acromioclaviculare inferior — 92,7 MIMa. HanpyeHHa Ha lig. trapezoideum He3Ha4yHO MiABULLYIOTLCA Bif,
94,0 MMNa go 98,6 MIMa. CnocTepiraeTbCs 3HMKEHHS HAMPY!KEHb B KAOYMLI Ta Ha A3b060MnoaibHOMY BUPOCTKY 10-
naTKu.

®dikcaTop WapHipHOro TNy L03BONMAE 3HU3UTU PiBEHb HAMPYXeHb HA BCiX HEYLIKOAMKEHMX 3B’A3Kax, a Hanpy-
YKeHHA Ha lig. acromioclaviculare superior 3HUKYOTbCA HUXKYE PiBHA HOpmM A0 35,3 MIMa. TakoXk cnocTepiraeTbes
3HUMKEHHA BEIMYMH HAMPYXKeHb, MPAKTUYHO 40 PiBHA HOPMM, B KAKOUMLI Ta Ha il akpomianbHOMY Ta A3bobonosib-
HOMY BUAPOCTKaXx.

3a pe3ynbratv NPoBEeAEHOro AOCNIAKEHHA MOKAa3anu, WO 3a KPUTEPIEM MiHIMI3aLii BEANYMHU BiAHOCHUX Ae-
dopmauiii B 38’A3Kax ¢ikcauia 3a metogom Bebepa Ta 3anponoHoBaHUM iKCaTOPOM LIAPHIPHOTO TUMNY NOKasaau
NPWBAN3HO PiBHI PE3yNbTATH, LLLO YHEMOXKIMBAIOE OAHO3HAYHE HaZaHHA nepesary byab-AKoOMy 3 LIUX METOZIB.

BucHogKu. dikcaujia akpoMianbHOTO KiHUA KAounli 3a Bebepom 3abesnevye HaHUKUMIA PiBEHb HAMPYMKEHb i
BigHOCHMX AedopmalLiiil B HeyLLIKOAKEHUX 3B'A3KaX, ajle PiBEeHb HAMPYXKeHb B CEPKAAXKHOMY APOTi NPU BiABEAEHHI
KiHLiBKM B yMmOBaXx ywwKogKeHHs lig. conoideum nepeBuLLye MeXKy MiLLHOCTI XipypriYHOi CTajli, WO MOXKe cTaTh npwm-
YMHOIO PO3PMBY APOTY | BTPaTK CTAabiNbHOCTI HaANE4Y0BO-KAKUMYHOTO cyrnoba. dikcatop hook plate 3aiimae npo-
MiXKHY NO3WLI0 33 piBHEM HaMNpPyXeHb, ase 33 BE/IMYMHOIO BiAHOCHUX AedopMaliii B 3B’A3Kax NOCTYNAETbCA BCIM
iHWKM MeTogam dikcauii. PikcaTop 3aNpONOHOBAHOI KOHCTPYKL,i 3abe3neyye HaMKpaLuii po3noaii Hanpy»KeHb B
KICTKOBMX eleMeHTax MOAEeNi, a TaKOXK A0CUTb HU3bKUI TX piBEHb | BEIMYMHY BiAHOCHMX AedOopMaLLilii B HeyLLIKOoAKe-
HUX 3B’A3KaX.

Knto4oBi cnoBa: HagnnevyoBO-KAKYUYHNI cyrnob, 38’A3KK, dikcauin.

ANALYSIS OF STRESS DISTRIBUTION IN THE ACROMIOCLAVICULAR JOINT IN CASE OF DAMAGE TO THE CONOID
LIGAMENT 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. Dislocations of the acromial end of the clavicle occur quite often, accounting for 3-26% of
the total number of dislocations and 10% of shoulder girdle injuries. The most common methods of fixation are the
hook plate and the Weber method using a cerclage wire. Due to the lack of clear knowledge about which fixation
method is the best, more research is needed.

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

Object and research methods. In this study, damage to the ligaments of the acromioclavicular joint, namely
lig. conoideum. Fixation of the acromial end of the clavicle was modeled in three ways: according to Weber,
hook plate and the proposed construction. The models were studied under the influence of loads that act on the
acromioclavicular joint when the upper limb is abducted to an angle of 90°.

The results. Abduction of the upper limb in the presence of a rupture of the lig. conoideum leads to an increase
in the stress level at the sternal end of the clavicle to 4.3 MPa and at the acromial end to 63.0 MPa. An increase in
stress level is observed on the scapula with a maximum of 43.7 MPa on its acromial process. The stresses on the
ligaments increase to 110.8 MPa per lig. acromioclaviculare inferior and 94.0 MPa on lig. trapezoidum.

Fixation according to Weber causes a significant increase in stress level to 203.5 MPa on the acromial end of the
clavicle and to 180.1 MPa on the acromial condyle of the scapula. The stresses on the intact ligaments also decrease
to a maximum of 73.8 MPa per lig. acromioclaviculare superior. The stresses on the spokes reach 266.0 MPa on the
front spoke and 231.5 MPa on the rear. The situation is much worse with the wire, where the stresses reach 630.3
MPa, which exceeds the strength limit of surgical steel of 505.0 MPa.

The use of a hook plate allows you to reduce the tension on the lig. acromioclaviculare superior to 67.3 MPa, and
on lig. acromioclaviculare inferior — 92.7 MPa. Voltage on lig. trapezoideum slightly increase from 94.0 MPa to 98.6
MPa. There is a decrease in stress in the clavicle and on the beak-like condyle of the scapula.
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The hinge-type fastener allows you to reduce the stress level on all intact ligaments, and the stress on lig.
acromioclaviculare superior decrease below the normal level to 35.3 MPa. There is also a decrease in stress values,
almost to the normal level, in the clavicle and on its acromial and beak-like processes.

According to the results of the conducted research, it was shown that according to the criterion of minimizing
the amount of relative deformations in the ligaments, fixation according to the Weber method and the proposed
hinge-type fixator showed approximately equal results, which makes it impossible to unambiguously give preference
to any of these methods.

Conclusions. Fixation of the acromial end of the clavicle according to Weber provides the lowest level of stresses
and relative deformations in intact ligaments, but the level of stresses in the cerclage wire during abduction of
the limb in conditions of lig. conoideum damage exceeds the strength limit of surgical steel, which can cause wire
breakage and loss of stability of the acromioclavicular joint. The hook plate fixator occupies an intermediate position
in terms of stress level, but it is inferior to all other fixation methods in terms of relative deformations in ligaments.
The fixator of the proposed design ensures the best distribution of stresses in the bone elements of the model, as
well as a fairly low level and magnitude of relative deformations in intact ligaments.

Key words: acromioclavicular joint, ligaments, fixation
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