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Dislocation of the acromial end of the clavicle is a common injury that most often occurs during sports activities.
In the general population, its frequency is 3-4 cases per 100000 people. Most often, this injury is observed in young
men (83.9%), with a peak incidence around the age of 30 (47.6%). The most common methods of stabilisation are
the use of a hook plate, as well as Weber's or tension tape methods. The aim is to determine the causal relation-
ships between the design characteristics of Weber's method of fixation of the acromial end of the clavicle and their
shortcomings in cases of damage to the supraclavicular ligament complex. A mathematical and simulation model
of fixation of the acromial end of the clavicle using Weber's method has been created. A retrospective analysis was
conducted of the treatment outcomes in 31 patients diagnosed with combined injuries of the inferior and superior
acromioclavicular ligaments between 2015 and 2023, followed by Weber fixation. A comparison of experimental and
clinical data demonstrates their causal relationship. A significant increase in stress levels at the acromial end of the
clavicle and the acromion (227.0 MPa and 451.0 MPa, respectively) causes their destruction. The "bone-pin" connec-
tion is lost, causing the fixation elements to migrate. The critical stress on the wire, which exceeds the strength limit
of surgical steel by 1.5 times, explains the risk of its destruction.

The primary disadvantages of Weber's fixation of the acromial end of the clavicle include pin migration, damage
to metal structures, and destruction of the acromion of the scapula and the acromial end of the clavicle, resulting in
loss of stability and disruption of joint congruency. The results of experimental studies confirm these disadvantages:
excessive stress on the specified anatomical structures contributes to their destruction, and critical stress on the wire,

exceeding the strength limit of surgical steel, is a key factor in its damage.
Key words: acromioclavicular joint, static stabilizers, Weber fixation method.

Connection of the publication with planned re-
search work.

The work was carried out within the framework of
the research project “Develop and implement technol-
ogies for replacing bone defects in victims with com-
bat trauma to the limbs”, state registration number
0123u101089.

Introduction.

Dislocation of acromial end of the clavicle (AEC) is
a common injury that occurs most often during sports
activities, with an overall incidence of 3-4 cases per
100,000 in the general population. Dislocation usually
occurs in young men (83.9%), around 30 years of age
(47.6%). These injuries are usually the result of direct
impact of the acromion on the clavicle during abduction
of the upper extremity. Disruption of the normal anato-
my and stability of the acromiclavicular joint (ACJ) can
lead to dysfunction in the shoulder joint and chronic
pain [1, 2].

The Rockwood classification is used to assess the
severity of injuries [3]. According to this classification,
types IV-VI injuries are treated surgically with the use of
certain stabilizing structures [4].

In many cases, during the surgical treatment of AEC
dislocations, there is a need to stabilize it. The most
commonly used constructions are the hook plate and
the Weber method or tension band wiring, each of which
has its advantages and disadvantages. Weber’s method,
using two transarticular pins and a wire sling, is charac-
terized by simplicity and speed of application, provides
good functional results. The method allows to reduce

the volume of the AEC by reducing the distance between
the AEC and the acromion, which creates optimal condi-
tions for suturing damaged ligaments [5, 6].

However, when using Weber’s method, there are
such complications as: violation of the integrity of metal
structures, their migration, formation of bone deficiency
of the AEC and acromion [7].

The opposite opinion is that fixation of AEC disloca-
tions using the tension band wiring method requires fur-
ther study and deepening of knowledge, which will be
the basis for choosing the optimal stabilizing structure
and improve the treatment outcomes of patients in this
category.

The aim of the study.

To determine the cause and effect relationships of
the design characteristics of the Weber method of fixa-
tion of the acromial end of the clavicle and their disad-
vantages in case of damage to the supraclavicular liga-
mentous complex.

Object and research methods.

To ensure the experimental study, a simulation
model of the Weber fixation method of AEC (figure 1),
a natural finite element model of AEC (figure 2) and in
case of damage to the lig. acromioclavicularis inferior
and lig. acromioclavicularis superior with Weber fixation
(figure 3) were built.

In the modeling, the material was assumed to be
homogeneous and isotropic. A 10-node tetrahedron
with quadratic approximation was chosen as a finite el-
ement. The mechanical properties of the materials were
selected from the literature [8-12]. The characteristics
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Figure 1 — Weber’s simulation model of fixation of the acromial end of the clavicle.

AL

Figure 2 — Model of the humeral scapular articulation, where: a — frontal view; b — sagittal view; c — top view.

used (E — Young’s modulus of elasticity, v — Poisson’s
ratio) are given in table 1.

During the study, we modeled the loads acting on
the AEC when the upper limb was abducted at an angle
of 90°. Forces were applied to the models to simulate
muscle action: middle deltoid muscle — 173.4 H, anteri-
or deltoid muscle = 121.9 H, posterior deltoid muscle —
371,3 H, supraspinatus muscle = 190.7 H, subscapularis
muscle — 1029.8 H, infraspinatus combined — 55.6 H.

To compare the stress values in the elements of the
models with complete damage to the stabilizers of the
clavicular-acromial complex, control points were select-
ed (figure 4, table 2).

The maximum stress level was recorded in
ligaments, bone elements, and metal struc-
tures. The model was built in SolidWorks.

The clinical material is based on a ret-
rospective analysis of the treatment results
of 31 patients from 2015 to 2023 who were
diagnosed with a combined injury of the lig.
acromioclavicular inferior and lig. acromiocla-
vicular superior and Weber fixation.

Research results and their discussion.

The results of the anatomical and biome-
chanical study of three models of AEC (natural
state, with damage to the supraclavicular lig-
amentous complex and with Weber fixation)
are presented in table 3.

L&D

Figure 3 — Final models for the study: combined damage to the ligamentum
acromioclavicularis inferior and ligamentum acromioclavicularis superior and

mined on the lig. trapezoideum, the lowest on the lig.
acromioclaviculare superior

Complete damage to the acromioclavicular stabi-
lizing complex leads to minimization of stresses on the
acromion of the scapula and in the AEC area. A signifi-
cant increase in the load (three times the normal value)
is determined on the lig. conoideum, lig. trapezoideum,
the coracoid process and the middle third of the clavicle.

In the model with Weber fixation, there is a signif-
icant increase in the level of stress on the AEC and ac-
romion, but there is a critical stress on the wire (845.3
MPa), which exceeds the tensile strength of surgical
steel.

Weber fixation.

Table 1 — Mechanical characteristics of the materials used

Thus, with the integrity of the static stabi-

lizers, the elements of the AC) model have dif- Material. Young’s modulus of|  Coeff. | Tensile strength,
ferent loads, the maximum of which are in the elasticity E, MPa_| Poisson, n MPa
middle third of the clavicle, and the minimum |Cortical bone 18350,0 0,3 170,0
level is in its sternal part. On the scapula, the |SPongybone 1040,0 0,3 10,0
most stressed are the edges of the notch, and | Connections 330,0 0,4

the minimum is along its medial edge. Physio- | Cartilage 5,58 0,44

logically, the highest level of tension is deter- |Surgical steel AISI 316L 200000 0,30 505,0
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a b

Figure 4 — Layout of control points: a — front view; b — top view.

Clinical examination revealed the most common de-
ficiencies and complications in AEC fixation according to
Weber: migration of pins - 12.3% of cases, violation of
wire and pins integrity — 10.5%, destruction of the acro-
mion of the scapula and AEC — 19.3% of cases.

When comparing experimental and clinical data,
their cause-and-effect relationship can be traced. A sig-
nificant increase in the level of stress on the AEC and ac-
romion (227.0 MPa and 451.0 MPa, respectively) leads
to the destruction of these anatomical structures, and
as a result, the loss of the bone-stem connection, which
further creates conditions for their migration, and the
critical stress on the wire, which is 1.5 times higher than
the tensile strength of surgical steel, explains the factors
of its integrity.

Table 2 — Control points

There are some significant contradic-
tions in the evaluation of the effectiveness
of the Weber fixation method. Some re-
searchers believe that this technique pro-
vides good results with few complications
and should be considered as an effective
method of treating acute AEC dislocation.
Bifocal fixation restores multidirectional
stability in the AEC, good functional out-
come and ease of performance make this
technique undemanding for use in regular
practice [13-16].

However, Firat Ozan et al. reporting on
the results of treatment in patients with
traumatic fresh dislocation of the AEC type
Il according to the Rockwood classification,
who were stabilized using the tension band
technique, states that complete congru-
ence in the AEC was achieved in 54.2% of patients, and
subluxation was detected in 45.8% of cases. Distal cla-
vicular osteolysis was noted in 25% of patients, and os-
teoarthritis of the AEC was detected in 20.8% of patients
on control radiographs. During follow-up, wire migration
and rupture occurred in 16.6% and 29.1% of patients,
respectively [5].

The presented shortcomings are correlated and ex-
plained by the results of our own experimental study:
in case of damage to the lig. acromioclavicularis supe-
rior at inferior, with Weber fixation, the stresses on the
AEC and on the acromial process of the scapula increase
several times, which can cause bone destruction in the
area of contact with metal elements. The stresses in the
wire itself can even exceed the tensile strength of surgi-
cal steel and, as a result, cause its rupture.

Destruction of bone tissue in the area

Control Anatomical area Model of contact with metal elements that are
points element | passed through the articular surfaces is a
1 lateral border significant factor in the development of
2 medial border osteoarthritis, and the violation of the in-
3 suprascapular notch scapula | tegrity of metal structures leads to a loss of
4 coracoid process stability, which results in a violation of con-
5 acromion gruence in the acromial complex.
6 acromial end Violation of the integrity of metal struc-
7 sternal end clavicle tures leads to their migration, which can
3 body lead to severe complications in cases of
9 conoid (lig. conoideum) their migration into the spinal canal and
10 trapezoid (lig. trapezoideum) mediastinal organs [17-19].
1 superior acromioclavicular ligaments Conclusions: N _
(lig. acromioclaviculare superior) The most significant disadvantages of
12 lig. acromioclaviculare inferior Weber fixation of the acromial end of the

Table 3 — Results of studying the stress-strain state of the models

clavicle are: migration of pins, violation of

Stress, MPa

the integrity of metal structures, destruc-
tion of the supracondylar process of the

Anatomical element The natural | Damage tothesu- | . o0 | scapula and the acromial end of the clavicle,
state of the |praspinatus-acromial by Weber hich leads to | f stabilization and im-
ACJ ligamentous complex v w 'ch eads to 055_0 hsa_ '_'Za (I: a hl

Middle part of the clavicle 81,8 120,0 paire Congr“enlce, '”; Sjcé'h”t' T elf[e S fort'
Acromial end of the clavicle 3,0 0,1 227,0 comlngs are eXp, aine ) y. X e re%u S0 e.x-
perimental studies: a significant increase in

Edge of the suprascapular notch 32,5 .
- the level of stress on the acromial end of

Medial border of the scapula 11,2 .

A - m 2510 the clavicle and the supracondylar process,
cromion : : which leads to the destruction of these an-
(foraco'c! process 81,7 atomical structures, and as a result, the loss
lig. conoideum 42,4 134,5 of the bone-stem connection, which further
'fg' trapez_o'de“.m : 50,6 147,0 creates conditions for their migration, and
lig. acromioclaviculare superior 39,5 the critical stress on the wire, which ex-
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bined injuries of the acromioclavicular and coracoclavic-
ular ligaments.

ceeds the tensile strength of surgical steel, explains the
violation of its integrity.

Prospects for further research.

It is planned to develop and study new means of fix-
ing the acromial end of the clavicle in isolated and com-
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EKCNEPUMEHTA/IbHO-KNIHIYHE AOCNIAXEHHA CMOCOBY ®IKCALIT
AKPOMIAJIbHOTIO KIHUA KNHO4YUL 3A BEBEPOM MNMPU YLILKOAMXEHHI
KNHOYNUYHO-AKPOMIA/IbHUX 3B'A30K

'HauioHanbHUii meguuHuii yHisepcutet imeHi 0.0. boromonbusa (m. Kuis, YKpaiHa)
21y «IHcTUTYT natonorii xpebTa Ta cyrnobis im. npod. M.l.CureHka HAMH YkpaiHu»
(m. Xapkis, YKpaiHa)
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Busux akpomianbHO20 KiHUA KAYUYi € TOWUPEHO MpPasmoro, Wo Hallyacmiuie mpanaaemMscA nio 4ac 3aHAMb
crnopmom. Y 3az2anbHili nonynayii tioeo yacmoma cmaHosume 3-4 eunadku Ha 100000 oci6. Halivacmiwe maka
mpasma criocmepi2aemscs y Moanooux Yososikie (83,9%), nepesaxcHo y siyi 6au3bko 30 pokie (47,6%). Halibinbw
nowupeHUMU memooamu cmabinizayii € BuKopucMaHHA naacmuHu muny hook plate, a makox memoodu Weber’a
abo HamaxucHoi cmpiyku. Mema: susHaYUMU MPUYUHHO-HACAIOKO8I 38’A3KU KOHCMPYKMUBHUX XApaKmMepucmuk
crnocoby ¢hikcayii akpomianbHO20 KiHUA Kawouuyi 3a Bebepom ma ix HedoniKu npu yWKOOMEHHI HAOMN1e4yoso-
K/HYUYHO20 38’A3K0B020 KOMIAEKCY. CmaopeHo MameMamuyHy ma imimayiliHy modens hikcauyii akpomianbHo20
KiHUA Kato4vuyi 3a Memoodom Bebepa. [TposedeHo pempocrnekmusHUl aHAi3 pe3ysabmamis nikysaHHsA 31 nayieHma,
AKUM y nepiod 3 2015 no 2023 pik 6yno diaeHocmosaHo noedHaHe ywKoOxeHHA lig. acromioclaviculare inferior
ma lig. acromioclaviculare superior i3 nodansworo ikcauiero 3a Bebepom. Mopi6HAHHA eKcrepumMeHmMasnbHUX
i KAiHiYHUX OaHUX O0eMOHCMpYE ixHili MPUYUHHO-HACAIOKOB8UL 38°S30K. 3HQYHe Mi0BUWEHHSA PiBHA HAMpPYHeHb Ha
AKPOMIanbHOMY KiHYi Kaouuyi ma Hadnaeyosomy giopocmky (227,0 MIMa ma 451,0 MTla 8i0rnosidHO) cripu4yuHsae
ix pyliHysaHHA. Bidbysaemobcs empama 830EMO38°A3KY «KICMKG-WNUUA», WO BUKAUKAE Mi2pauiro ikcyroyux
enemeHmis. KpumuyHe HanpyxceHHa HaA 0pomi, AKe rnepesuwiye mexcy MiyHocmi xipypeiyHoi cmani y 1,5 pasu,
MOSACHIOE pU3UKU Uio2o pyliHy8aHHS.

OcHoBHUMU HedoiKamu iKcayii akpomianbHO20 KiHUA KAo4uyi 3a Bebepom € miepayis wnuyb, MOUWKOOHEHHS
memasnesux KOHCMpYKYill, pylHy8aHHA HAOMNAe408020 8iIOPOCMKY A0MAMKU MA AKPOMIAaAbHO20 KiHUA KAYuyi,
wo npussodums 0o empamu cmabinbHOCMi ma nopyweHHA KoH2pyeHmHocmi cyz2noba. Pe3ynemamu
eKcriepumMeHmanbHuUx O00C/iOHeHb nidmeepoxytome Ui HeOosniKu: HAOMipHe HAB8AHMAMEHHA HA B6KA3aHI
AHAMOMIYHI CMPYKMypu cripuse ix pylHYyB8aHHIO, G KPpUMUYHE HAMpPyHeHHA Ha Opomi, W0 fnepesuulye Mexy
MiyHOCMI Xipypai4yHoi cmari, € KAOYO0BUM (haKMOPOM (i020 MOUIKOOHEHHS.

Knrouoei cnoea: Hadnnevoso-KkayuyHuUl cy2nob, cmamuyHi cmabinisamopu, criocib ¢ikcayii 3a Bebepom.

3B’A30K nyb6anikauii 3 nnaHOBMMM HAayKOBO-AOCAIL-
HUMK poboTamu.

PoboTta BMKOHaHa B pamKkax HAP «Po3pobutn Ta
BNPOBAANUTM TEXHOJOTIT 3aMilLleHHA KiCTKOBUX AedeKTiB
y nocTpaxaanmx 3 6ooBo TPAaBMOHO KiHLIBOK», HOMep
AeprkaBHoi peecTtpauii 0123u101089.

Bcryn.

BuBMX aKpomianbHOro KiHua katoumui (AKK) € no-
LWMPEHOIO TPAaBMOIO, AIKA HallyacTiwe 3ycTpivaeTbca nig
Yyac CrMOpPTMBHMX 3aHATb, i3 3arasbHO 4actotowo 3-4
BunagKie Ha 100000 y 3aranbHin nonynauji. Busmx 3a-
3BMYail BUHUKAE Y MONOAMNX YONOBIKiB (83,9%), 61M3bKO
30 pokiB (47,6%). Lli nolwKoaKeHHA 3a3BMYaii € pe3ynb-
TaTOM MPAMOro BM/AMBY aKPOMIOHY Ha KAKUULLO NpuU
BifBeAeHHI BePXHbOI KiHLiBKM. NopyLeHHA HOPMaAbHOT
aHaTomii Ta cTabiNbHOCTI HaAN1EYOBO-KAOYMYHOTO Cyr-
noba (HKC) morke npusBectn A0 nopylieHHA GyHKLii B
nae4yosomy cyrnobi Ta xpoHiuHoro 6onto [1, 2].

[nA OLiHKM BaXKKOCTi NOLWKOAKEHb BUKOPUCTOBYETb-
ca Knacudikauia Rockwood [3]. IV-VI TMn nowkoaxeHb
3a JaHol KnacudiKaLiero NikyrTbCA onepaTUBHO 3 BU-

KOPUCTAHHAM TUX UM iHWKX cTabini3ytoumx KOHCTPYKL,in
[4].

B 6araTbox BMNaZKax Npu onepaTMBHOMY NiKyBaHHI
BmBuxiB AKK BMHMKae notpeba B Moro ctabinizauii. Han-
6inbw BXMBaHMMM KOHCTpyKLUiam € hook plate Ta cno-
ci6 Weber’a abo tension band wiring (HaTa»KHa cTpiyka),
KOXKHa 3 AKMX Ma€e CcBOi nepeBary Ta Hegonikn. Cnocib
Weber'a, 3 BUKOPUCTAHHAM [BOX TPAHCAPTUKYASPHUX
WNMLUb Ta APOTAHOIO CEPKANKY, XapaKTEePU3YETLCA NpPo-
CTOTO Ta LWBWMAKICTIO 3aCTOCYBaHHA, 3abe3neuye xopoui
dyHKUioHanbHi pesynbtaTn. Cnocib A03BONAE 3MEHLIN-
™ 06’em HKC, wnaxom 3meHlleHHs BiacTaHi mixk AKK
Ta HaZN/Ie4OBUM BiAPOCTKOM, LLLO CTBOPHOE ONTUMASbHI
YMOBM A1 YLWMBAHHA NOLWKOAKEHMX 3B’A30K [5, 6].

OfHak, Npu 3acTocyBaHHi cnocoby Bebepa 3ycTpiva-
IOTbCA TaKi YCKNAAHEHHA AK: MOPYLEHHA LiNiCHOCTI me-
TaneBUX KOHCTPYKLIN, iX mirpauis, ytBopeHHA aediunty
KicTKOBOI TKaHWHK AKK Ta Haanne4oBoro BigpocTky [7].

MpoTUNEXKHICTb AYMOK, WO A0 dikcauii BuBmxis AKK
3a cnocobom tension band wiring noTpebytoTb Nnogans-
LLIOTO BMBYEHHA Ta NOMMMBAEHHA 3HaHb, WO CTaHe nia-
rpyHTAM Ans BMBGOpPY onTMMasbHOI cTabinisyoUoi KoH-
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CTPYKL,i Ta NOKPALWUTb pe3yabTaTh NiKyBaHHSA NaLiEHTIB  Mauieto. MexaHiuyHi BNacTMBOCTI maTepianis BigibpaHo 3

[AHOI KaTeropii. axepen nitepatypm [8-12]. BukopucTaHi xapaktepuctu-
Merta gocnigeHHs. Ku (E — moaynb npy»kHocTi KOHra, v — koediuieHT MNyacco-
BU3HauMTV NPUYMHHO-HACNiIAKOBI 3B’A3KM KOHCTPYK-  Ha) HaBeaeHi B Tabauui 1.

TUBHUX XapaKTepUCTUK cnocoby odikcauii

) J . Tabnuua 1 — MexaHi4yHi XapaKTepucTuKu
aKpOMiaNbHOro KiHUA Katounui 3a Bebepom

BMKOPUCTAaHUX maTepianis

Ta X HeJONIKM NpU YLWKOAXKEHHI Hagnne4yo- - : :
B Marepian Mogaynb npyxHocti| Koed. Mya- | Mexa miyHocrTi,
BO-K/TIOYMYHOTO 3B’A3KOBOrO KOMM/IEKCY. {Oura E, MNa coHa, n Mna
’ H .
06’exT | MeToAM AOCNIAXKEHHA. KopTukanbHa KicTKa 18350,0 0,3 170,0
[na 3abe3neyeHHA eKCcnepuMeHTalbHOro X
i . " [ybuacTa KicTKa 1040,0 0,3 10,0
[OoCNifXKeHHss 6yna nobygosaHa imiTauiliHa
mogenb cnocoby dikcauii AKK 3a BeGepom |38A3k¢ 330,0 04
(puc. 1), npupoaHs cKiHYeHO-eleMeHTHa Mo- | XpAauy 5,58 0,44
aenb KAC (p1cyHOK 2) Ta Npu NOLKOAMKEHHI ﬁ:’;\l/g;'gt‘a crans 200000 0,30 505,0

PucyHoK 1 — ImitauiiiHa mogenb dikcauii akpomianbHOro KiHua Knounui 3a Bebepom.

AL

PucyHOK 2 — Mogenb nsieye-n10NaTKOBOrO 34/1IeHYBaHHA, Ae: a — BUA Y GPOHTaNbHIN NNOWMHI; 6 — cariTanbHii; B — BUA 38epxy.

lig. acromioclaviculare inferior Ta lig. acromioclaviculare Mpu NpoBeAeHHI AOCNIAKEHHA MOAEN0BAIM HaBaH-
superior 3 dikcauiito 3a Bebepom (pucyHok 3). TaXKeHHA, AKi aitoTb Ha HKC npu BigBeaeHHi BEpPXHbOI
Mpn mozentoBaHHI MaTepian BBaXaan OAHOPIAHUM  KiHuiBKM Ha KyT 90°. [lo mogenei npukaagani cunm, axi

Ta i30TPONHMM. B AKOCTI CKiHUeHOro enemeHTy 6yB 06pa-  imiTyBann gito M’'A3iB: cepeAHA NOpL|s AebTOBUAHOMO
HUI 10-BY310BWIA TeTpaeap 3 KBaLPATUYHOKO anpoKcK- m’asy (middle deltoid) — 173,4 H, nepeaHa no-
puia genstoBuaHoro m’sasy (anterior deltoid) —

121,9 H, 3agHA nopuis AenbTOBUAHOIO M'A3y
(posterior deltoid) — 371,3 H, HagocTucTUin
m’a3 (supraspinatus) — 190,7 H, nignonatko-
BUIA m’s3 (subscapularis) — 1029,8 H, nigoc-
TMcTMin M’as (infraspinatus combined) — 55,6
H.

[NnA NOpiBHAHHA BENUYMH HaMNPyKeHb B
eNemMeHTax mMogeneit 3 MOBHUM  YLUKOAMKEH-

HAM CTa6I}'II3aT0pIB KNTHOYUYHO-aKpOMIaIbHO-
PucyHok 3 — KiHueBi moaeni ana gocniaXeHHA: NoeAHaHE YILWKOAXKEHHA ro Kommnaekcy 6ynm O6paHi KOHTpoani TOYKM
lig. acromioclaviculare inferior Ta lig. acromioclaviculare superior Ta ¢pikcauis .
3a Be6epom. (pucyHoK 4 i Tabnuusa 2).
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MaKcMManbHUiM  piBeHb  HAMpyXeHb
peecTpyBanv B 3B’A3Kax, KiCTKOBUX ene-
MEHTAX Ta Ha MeTaNneBMX KOHCTPYKLiAX.
MobyaoBy moaeni 34ilicHIOBaNU B Nporpami
SolidWorks.

KniHiyHMA maTepian 6a3yetbcs Ha pe-
TPOCNEKTUBHOMY aHani3i pe3ynbTaTiB Niky-
BaHHA 31 nauieHTa 3a nepiog 32015 no 2023
POKM, Y AKWUX BYNO AiarHOCTOBAHO MNOEA-
HaHe ywkoaxeHHA lig. acromioclaviculare
inferior Ta lig. acromioclaviculare superior
Ta ¢iKcauisa 3a Bebepom.

Pe3ynbratu gocnigKeHHA Ta ix obroso-
peHHsA.

PesynbTat  aHaTomo-6iomexaHiuyHOro
DocnigxeHHs Tpbox mogeneit HKC (npwm-
POAHI CTaH, MPU NOLUKOANKEHHI Hagnne-
YOBO-K/IIOYNYHOTO 3B’A3KOBOrO KOMMAEKCY
Ta npw ¢ikcauii 3a Bebepom) npeacrasneHi B Tabauui 3.

TaKMM YMHOM, NPU LiNICHOCTI CTaTUYHMX cTabinisaTto-
piB, enemeHT mogeni HKC, matoTb pi3Hi HaBaHTaXKeHHsA,
MaKCMMaJIbHi 3 AKMX NPUNAAA0Tb HA CepPeaHto TPETUHY
K/IOUML, @ MiHIManbHWI piBeHb — Ha il FPYAUHHY YacTu-
Hy. Ha nonaTuji Halbinbl HaNpy»eHUM € Kpai BUIMKH,
MiHiIManbHi — no i1 meajanbHOMy Kpato. DisionoriyHo,
HalbiNbWNN piBeHb Hanpy)KeHb BM3HAYaeTbcA Ha lig.
trapezoideum, HalHuxkumMii Ha lig. acromioclaviculare
superior.

MoBHEe NOLWKOAMKEHHA HAAMNAEYOBO-KJOYMYHOTO
CTabiNi3yrouoro KoMnaekcy nNpmMsBoauTb 40 MiHiMi3auii
HANpPy)KeHb Ha HAAMN/e4YoBOMY BiApPOCTKY
nonatku Ta B ginaHui AKK. CyTteBe 36inb-

a

PMCVHOK 4 — Cxema po3TawyBaHHA KOHTPO/IbHUX TOYOK:
a - BuA cnepepay; 6 — Bug 3sepxy.

OujHka edeKkTMBHOCTI cnocoby ¢iKcauii 3a Bebepom
MAE€E NeBHi cyTTeBI NpoTMpivyA. OgHI 4OCNIAHUKM BBaXKa-
10Tb, LLO LA MeToAMKa 3abe3neyye XxopoLi pesyibTaTy 3
HEBEJIMKOK KiNbKICTIO YCKNAaAHeHb i i cnig, po3rnagatm
AK eEKTUBHUIN MeTog, NiKyBaHHA rocTporo Busmxy AKK.
bipokanbHa dikcauia BigHOBMOE pi3HOCNPAMOBaHY CTa-
6inbHicTb B AKC, xopoLwwmii GyHKLiOHaNbHUIA pe3ynbTaT i
NPOCTOTa BUKOHAHHA PObBAATbL L0 METOAMKY HEBUMOT-
JIMBOIO /19 BUKOPUCTAHHA B NMOCTiINHIM npaKkTuu,i [13-16].

OpHak, Firat Ozan at al. noBigomnstoumn Npo pesynb-
TaTW NiKyBaHHA Yy MALIEHTIB i3 TPaBMaTUYHUM CBIXKUM
Bumxom AKK tuny Il 3rigHo 3 Knacudikauieto PokByaa,
AKMM NpoBoAMIach cTabinisauia 3a cnocobom TexHiKu

Tabnnusa 2 — KOHTPONbHI TOYKK

LWEHHA HaBaHTa)KeHHA (B TpW pa3um no Bia- [KoHTposbHI e Sy T EnemeHt
HOLLEHHIO 10 HOPMM) BU3HaYaETbCA Ha lig. LOSIKY] mogeni
conoideum, lig. trapezoideum a3bo6ono- 1 naTepanbHui kpaii
Oi6HOMY BigpPOCTKY Ta cepeaHi TpeTuHi 2 MeAjaNbHNIA Kpaii
KAKOUUL,. 3 BMiIMKa N0NATKK nonaTka
B mogeni 3 ¢ikcauieto 3a Bebepom Bu- 4 A3b060M0Ai6HNN BiAPOCTOK
HWKaE 3HauyHe MiABULLEHHA PIBHA Hanpy- 5 aKpOMiaNbHWi BIAPOCTOK
*KeHb Ha AKK Ta HagnneyoBomy BiapOCTKY, 6 aKpomiasnbHUI KiHeub
OfHAK BMHUKAE KPUTUYHE HANPYXEHHA Ha 7 TPYAMHHWI KiHeup KaounuA
ApoTi (845,3 MIMa), Wo nepeBuLLyE Mexy 8 Tino
MiLHOCTI XipypriyHoi cTani. 9 KoHiuHa (lig. conoideum)
Mpu  KAiHiYHOMY OBCTeeHHi  6ynu 10 TpaneueenogibHa (lig. trapezoideum)
BCTAQHOB/IEHI HaWbinbl YacTi HeAoNiKM Ta 1 :sf;r:?oi?gl?gj:?:g;:gﬁ:gqHa (lig. 38'A3KM
YCKNaAHEHHA npu Gikcauii AKK 3a Bebe- 12 lig. acromioclaviculare inferior

pom: mirpauia wnuup — 12,3% Bunaakis,
NOPYLIEHHA LiNICHOCTI ApPOTY Ta WNUUb —
10,5%, pyiHauia Ha4n/1e4oBOro BiAPOCTKY

Tabnuua 3 — Pesaynbtatv gocaiaxKeHHA

HanpyKeHo-aedOpPMOBAHOIO CTaHy moaeneit

nonatku Ta AKK = 19,3% Bunagkis.

Mpn cniBcTaBNeHHI eKcnepumeHTaNb-
HUX | KNIHIYHWUX AaHWUX NPOCNiAKOBYETLCA
iX NPUYMHHO-HACNIAKOBUI 3B’A30K. 3Ha-

YHe MiABULLLEHHA PiBHA HanpyeHb Ha AKK
Ta Hagnneyosomy BigpocTky (227,0 MMa

Ta 451,0 MMa BignoBigHO) Npu3BOAUTL

00 PpyMHaUil LMX aHAaTOMIYHUX CTPYKTYp, i

AK HACNiJOK, BTPaTa B3aEMO3B’A3KY «KicT-
Ka-wnuua», Wo B nogasibliomy CTBOPHOE

YMOBM ANA iX Mirpauii, a KpUTUYHe Hanpy-

YKEeHHA Ha apori, Ake B 1,5 pa3n nepesu-

LLYIO MeXKY MiLHOCTI XipypriyHoi cTani nosc-
HIOE YUNHHWMKM NOPYLUEHHA MOTO LiiCHOCTI.

Hanpy»xeHHsa, MIMa
MowkKoaKeHHA St
AHaTOMI4YHUI eneMeHT MpupoaHil |Hagnne4oBO-aKpPOMi- u
p 3a Bebe-
ctaH HKC |anbHoOro 38’A3K0BOro i
KoMmnneKcy P
CepepHa YacTUHa KAYnLi 81,8 120,0
AKpPOMiaNbHWIA KiHeLb KIoYunLL 3,0 0,1 227,0
Kpai BUIMKK nonaTku 32,5
MegjianbHWUi Kpali nonaTku 11,2
Haanneyosuit BigpocToK 1,0 451,0
[3bobonoaibHuit BiopocTok 81,7
lig. conoideum 42,4 134,5
lig. trapezoideum 50,6 147,0
lig. acromioclaviculare superior 39,5
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HaATAXHOI CTPIYKM, KOHCTATYE, L0 MOBHA KOHTPYEHTHICTb
B8 AKC 6yna pgocarHyta y 54,2% nauieHTiB, a niaBMBux
BusaBneHo y 45,8% sunaakax. Y 25% xBopux BigmiyeHo
OMCTaNbHUI OCTeoNi3 Katoumui, y 20,8% onepoBaHMX Ha
KOHTPO/IbHUX PEHTreHOrpamax BUABNEHO OCTe0apTpo3
AKC. MNig Yyac noganbloro cnocTepexeHHa mirpawia Ta
po3puB ApoTy Bigdbynuca y 16,6% Ta 29,1% nauieHTis
BianosigHo [5].

MpencraBneHi HepoNiIKM, KOPENtorTbCA i MOACHIO-
I0TbCA BNACHMMM pe3y/ibTaTaMy MPOBEAEHOro ekcne-
PUMEHTANbHOIO AOCNIAKEHHA: MPU YIWKOAXKEHHI lig.
acromioclaviculare superior at inferior, npu ¢ikcauii 3a
Bebepom, Hanpy»KeHHA Ha AKK Ta Ha akpomiasibHOMy
BiAPOCTKY IoNaTKK 36inblIYIOTLCA B AEKiNbKa pasis, Wo
MOXe 6yTM NPUYMHOIO PYMHYBAHHA KiCTKOBOI TKAHWUHU B
30Hi KOHTaKTY 3 MeTaneBMMU enemeHTamun. HanpyeH-
HA B CAMOMYy APOTi HaBiTb MOXYTb NEPEBULLYBATU MEXKY
MILLHOCTI XipyprivyHOi cTani i, AK HAacNigoK, CTaTn NpPUYK-
HOIO 10r0 Po3pumBY.

PyiHYBaHHA KiCTKOBOT TKAHWHM B 30Hi KOHTAKTY 3 Me-
TaNeBUMM enemeHTaMu, AKi NpoBeaeHi Yepes cyrnobosi
NOBEPXHi € BArOMMM YMHHUKOM /1A PO3BUTKY OCTeoap-
TPO3y, a NOPYLUEHHS LiNiCHOCTI MeTafeBUX KOHCTPYKLM

MopyLLEeHHS LiNiCHOCTI MeTaneBuUX KOHCTPYKLM npu-
3BOAMTb A0 iX MirpaLii, Wo Mo¥Xe NPU3BeCTn A0 BAXKKUX
YCK/agHeHb B BUMaZKax iX Mirpalii B CnMHO-MO3KOBUIA
KaHan Ta opraHu cepenocCTiHHA [17-19].

BucHoBKM.

Halibinblw Barommmu Hegonikamm npu  dikcaui
aKpPOMiaIbHOTO KiHUA KAtouuLi 3a Bebepom €: mirpau,in
WNMLUb, MOPYLIEHHA LiNiCHOCTI MeTa/ieBUX KOHCTPYKLIN,
pyMHauia Haanae4yoBOro BiAPOCTKY NOMNATKM Ta aKpo-
MiaZIbHOTO KiHLA KAKYULi, WO NPU3BOAUTbL A0 BTPATU
cTabinisauii Ta NOpPyLWeEHHs KOHrpyeHTHOCTI B cyrnobi.
[aHi HeZoNiKM NOACHIKTLCA pe3ynbTaTaMu  ekcne-
PUMEHTaNIbHUX AOCAIAMEHb: CYTTEBUM MiABULLEHHAM
PiBHA HaMpy*KeHb HA aKPOMIaNbHOIO KiHUA KAoYMLi Ta
Hagnn1e4yoBOMY BiAPOCTKY, AKe NPMU3BOAMUTbL A0 pyHHauii
LMX aHAaTOMIYHUX CTPYKTYp, i AK HACNigoK, BTpaTa B3a-
€MO3B’AI3KY «KiCTKa-WNMUA», WO B NOoAaAblIOMY CTBO-
POE YMOBM A1 iX Mirpau,ii, a KpUTUYHE HanNpPy*KEeHHA Ha
OPOTi, AKe NepeBuLLY0 MeXKy MiLHOCTI XipypriyHoi cTani
NOACHIOE NMOPYLLUEHHA MOTO LLiNiCHOCTI.

MepcnekTMBM NOAANBLUNX [OCNIAXKEHD.

MnaHyeTbcA po3pobKa Ta AOCNIAKEHHA HOBUX 3aCO-
6iB dikcauji akpomianbHOro KiHUA KAOUYMLi NpU OKpe-

nNpU3BOAMUTbL A0 BTPATW CTabiNbHOCTI, HAacAiAKOM SKOI €
nopyLweHHA KoHrpyeHTHocTi B KAC.

MMWX Ta MOEAHAHMX YLUKOAMKEHHAX aKPOMia/libHO-K/tO-
YNYHUX Ta A3bOOO-KAUNYHNX 3B A30K.
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EKCNEPUMEHTA/IbHO-KNIHIYHE OOCNIAMEHHA CNOCOBY ®IKCALIT AKPOMIAZIBHOIO KIHUA KAo4uLy
3A BEGEPOM MPU YLLKOAMXEHHI KTIOYUYHO-AKPOMIAJIbHUX 3B’A30K

Keawa B. M., JleBuubKuii A. ®., YopHuii B. C., luxogaiii B. B., KapniHcbkuii M. 0., ipecbko O. B.

Pestome. BMBUX aKpOMiaibHOTO KiHUA Katouumui (AKK) € nolwmpeHoto TpaBMoto, ika HallyacTilwe 3ycTpiYaeTbea
nif, Yyac CNOPTUBHMX 3aHATb, i3 3arasbHOO YacToToto 3-4 BMMNagKiB Ha 100000 y 3aranbHili nonynsauji. BuBnx 3a3su-
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Yyall BUHMKAE y Mosioamx Yonosiki (83,9%), 6an3bko 30 pokis (47,6%). B 6araTbox BUMNaAKax Npy onepaTMBHOMY
NiKkyBaHHi BMBMUxiB AKK BMHMKae noTpeba B ioro cTabinisau,ii. Habinbw BXKMBaHMMM KOHCTPYKLiam € hook plate Ta
cnoci6 Weber’a abo tension band wiring (HaTsXKHa CcTpiuKa), KOXKHa 3 AKX Ma€E CBOI NepeBarn Ta HegoNiKu.

Mema 0ocnidxeHHA. BUSHAUUTU NPUUMHHO-HACAILKOBI 3B’A3KM KOHCTPYKTUBHUX XapaKTEPUCTUK cnocoby ¢ik-
caLii akpomMianbHOro KiHUA KAoUKL 32 Bebepom Ta X HEAONIKM NPU YLIKOAMKEHHI HaAN1€40BO-KAOUYNYHOTO 3B’A3-
KOBOTO KOMMEKCY.

06’ekm i MemoOu docnidxceHHsA. B nabopatopii biomexaHiku 1Y «IHCTUTYT naTonorii xpebTa Ta cyrnobis im. npood.
M.l.CuteHka HAMH YKkpainn» 6yna nobyaoBaHa cKiHYeHo-enemeHTHa mogenb KAC Ta imiTauiiHa mogenb dikcauii
3a cnocobom Bebepa. KniHiyHMI maTepian 6a3yeTbca Ha PeTPOCNEKTMBHOMY aHasi3i pe3ynbTaTiB NikyBaHHA 31 na-
LieHTa 3a nepioa 3 2015 no 2023 poKu, y AkMx Byno giarHOCToBaHO NOeAHaHe ywKoaxKeHHs lig. acromioclaviculare
inferior Ta lig. acromioclaviculare superior Ta ¢ikcauia 3a Bebepom.

Pe3ynemamu. Tlpy CNiBCTaBAEHHI €KCNePUMEHTANbHUX i KAIHIYHUX JAaHMX NPOCAIAKOBYETHCA IX NPUYMHHO-HA-
CNiaKoBMI 3B’A30K. 3HAYHE MiABMULLEHHA PIiBHSA HAMPY)KeHb Ha aKpOMianbHOMY KiHLi KAOYMLI Ta HaAMN/Ie4oBOMY
BiApOCTKY (227,0 MMa Ta 451,0 MMMa BiANOBIAHO) NPU3BOAUTbL A0 PYMHALil LUX aHAaTOMIYHUX CTPYKTYp, i AK Ha-
CNifOK, BTPaTa B3aEMO3B’A3KY «KiCTKa-WNMLAY, WO B NOAA/bLUOMY CTBOPIOE YMOBM ANA iX Mirpauii, a KputuyHe
Hanpy»KeHHA Ha ApoTi, AKe B 1,5 pa3u nepeBuLLyto MeXKY MILHOCTI XipypriYHOT CTafi NOACHIOE YNHHWUKN NOPYLUEHHSA
1oro uinicHocri.

BucHogKu. Haibinblw Barommmu Hegonikamu npu ikcau,ii akpomianbHOro KiHUA Katounui 3a Bebepom €: mirpa-
Lis WnuuUb, NOPYLEHHA LiNiCHOCTI MeTaneBMX KOHCTPYKLiM, pylHaLis Hagnae4oBOro BiApPOCTKY /IONaTKM Ta akpo-
MiaZIbHOrO KiHLA KAYML,i, WO NpU3BOAMTL A0 BTpaTW cTabinisauii Ta NopyweHHs KOHTpPYyeHTHOCTI B cyrnobi. AaHi
HEeL0NiKM MOACHIOITLCA Pe3ysbTaTaMu eKCMePUMEHTANbHUX OOCAIAKEHD: CYTTEBUM NiABULLEHHAM PiBHA Hanpy-
KEeHb Ha LMX aHATOMIYHUX CTPYKTYpaXx, WO NPU3BOAMUTb A0 iX PyMHALil, @ KPUTUUYHE HANPYXKEeHHA Ha APOTi, fKe
nepeBuLLY0 MeXY MiLHOCTI XipypriyHOT CTasi NOSACHIOE NOPYLUEHHS MOTO LLiAiCHOCTI.

Knto4oBi cnoBa: Hagnne4vyoBO-KAKYMUYHUI Cyrnob, cTaTUYHI cTabinisaTopu, cnocib ¢ikcauii 3a Bebepom.

EXPERIMENTAL AND CLINICAL STUDY OF THE METHOD OF FIXATION OF THE ACROMIAL END OF THE CLAVICLE
ACCORDING TO WEBER IN CASE OF DAMAGE TO THE CLAVICULAR-ACROMIAL LIGAMENTS

Kvasha V. P., Levytskyi A. F., Chornyi V. S., Lykhodii V. V., Karpinsky M. Yu., Yaresko O. V.

Abstract. Acromioclavicular joint dislocation (ACD) is a common injury that most often occurs during sports ac-
tivities, with an overall incidence of 3-4 cases per 100,000 in the general population. The dislocation usually occurs
in young men (83.9%), around 30 years of age (47,6%). In many cases, during the surgical treatment of dislocations
of the ACJ, there is a need for its stabilization. The most commonly used constructions are the hook plate and the
Weber method or tension band wiring, each of which has its own advantages and disadvantages.

The aim of the study. To determine the cause-and-effect relationships of the design characteristics of the Weber
method of fixing the acromial end of the clavicle and its disadvantages in cases of damage to the supraclavicular
ligament complex.

Object and research methods. In the laboratory of biomechanics of the State Institution «Institute of Spine and
Joint Pathology named after Prof. M.l1.Sytenko of the National Academy of Medical Sciences of Ukraine», a finite
element model of the CAS and a simulation model of fixation using the Weber method were built. The clinical
material is based on a retrospective analysis of the treatment results of 31 patients from 2015 to 2023, who were
diagnosed with combined damage to the inferior acromioclavicular ligament and superior acromioclavicular
ligament and Weber fixation.

Results. When comparing experimental and clinical data, their cause-and-effect relationship is traced. A
significant increase in the level of stresses at the acromial end of the clavicle and the suprahumeral condyle (227.0
MPa and 451.0 MPa, respectively) leads to the destruction of these anatomical structures, and as a result, the loss
of the «bone-pin» connection, which subsequently creates conditions for their migration, and the critical stress on
the wire, which is 1.5 times higher than the tensile strength of surgical steel, explains the factors that disrupt its
integrity.

Conclusions. The most significant disadvantages of Weber’s fixation of the acromial end of the clavicle are
migration of the spikes, disruption of the integrity of the metal structures, destruction of the suprahumeral condyle
of the scapula and the acromial end of the clavicle, which leads to loss of stabilization and disruption of congruence
in the joint. These shortcomings are explained by the results of experimental studies: a significant increase in the
level of stress on these anatomical structures, which leads to their destruction, and the critical stress on the wire,
which exceeds the strength limit of surgical steel, explains the violation of its integrity.

Key words: acromioclavicular joint, static stabilizers, Weber fixation method.
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The article is relevant to the clinic of prosthetic dentistry, as it focuses on the development of instruments and
methods for the surgical preparation of prosthetic bed tissues and the correction of detected metabolic disorders
through medical intervention during the preparation and implementation of prosthetic dental treatment.

The article describes the improved modern methods of surgical preparation and medical correction in patients
with pathological changes in the bone tissue of the collar process and its part before orthopedic treatment. The im-
portance of modern advanced surgical preparation and medical correction on the state of bone tissue is taken into
account, which is important in the preparation of an orthopedic dental treatment plan and significantly affects the
choice of denture design in order to preserve abutment teeth and bone tissue, to achieve positive results in the long

term of use of fixed bridges.

Key words: orthopedic treatment, surgical preparation, bone tissue, bone regeneration, prosthetic bed.

Connection of the publication with planned re-
search works.

The article was performed within the framework of
the research work of the Department of Dentistry of the
Educational and Research Institute of Postgraduate Ed-
ucation of Ivano-Frankivsk National Medical University
“Modern technologies of jaw bone tissue restoration in
chronic inflammatory processes in peacetime and war-
time”, state registration number 0124U001872 and the
Department of Postgraduate Education of Dentists and
Orthopedists of Poltava State Medical University “Indi-
vidual approach to rehabilitation of patients with pa-
thology of the dentoalveolar system”, state registration
number 0122U002533.

Introduction.

In recent years, against the backdrop of deteriorat-
ing socio-economic and environmental conditions due
to military operations, Ukraine has seen an increase in
various diseases, including dental diseases. According
to research by some scientists, 34-36% of the Ukrainian
population aged 35-45 years requires various types of
dental care, and in some regions, such as the western
regions, this figure is even higher [1, 2]. In the vast ma-
jority of world countries, the need for orthopaedic den-
tal treatment has significantly increased due to deteri-
orating dental health, and the rate reaches about 50%
among the adult population, while the results of studies

of this need in Ukraine indicate that the figures range
from 75-80% [1, 2, 3].

It is an indisputable axiom that dental health is ad-
versely affected by a number of factors: changes in cli-
matic conditions, the external environment, especially
air, water and food pollution; deterioration of mental
health, etc. Against the background of the above, tooth
loss is significantly accelerated, and pathological chang-
es in the patient’s body and in the dentition, in particular
those that occur after tooth extraction, contribute to de-
formities, atrophy of the alveolar processes of the jaws
and their cellular part, which not only affects the timing
but also significantly complicates orthopaedic treatment
[4].

It has been proven that the quality and effectiveness
of prosthetic dental treatment, especially in the long
term, is influenced not only by a rational approach to
the choice of denture design but also by the condition of
the prosthetic bed tissue. Therefore, in orthopedic den-
tistry, a number of studies have been devoted to the pe-
culiarities of restoring dentition defects using teeth that
have pathological changes with significant bone atrophy
as a support [5]. In turn, this issue has not only retained
its relevance but has also attracted increasing interest
among scientists in Ukraine and abroad over the past
few decades [6, 7, 8, 9]. The analysis of the literature
shows that considerable attention has been paid to the
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