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

Key words: laboratory animals, experiment, contracture, knee joint, vibration.

Connection of the publication with planned research
works.

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

Introduction.

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

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

The aim of the study.

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

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

mobility in the case of using low-frequency vibration dur-
ing and after immobilization.
Object and research methods.
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Table 1 — Control measurements of the volume
of movements in rats before the start
of the experiment

Volume of movements, degree

Control
measurement| Extension Flexion [Volume of movements
M1SD 3242 151+1 11942
min+max 29+35 149+153 117+122

The experimental study was conducted on 30 non-
linear white male rats aged six months.

Experimental studies were carried out in compliance
with the requirements of humane treatment of experi-
mental animals, regulated by the Law of Ukraine “On the
Protection of Animals from Cruelty” (Ne 3447-IV dated
21.02.2006) and the European Convention on the Pro-
tection of Vertebrate Animals Used for Experimental and
Other scientific goals (Strasbourg, March 18, 1986).

Before immobilization, the angle of extension and
flexion of the knee joint was measured for all animals.
Hindlimb immobilization at an angle of 140° was per-
formed by holding it under a plaster cast and an elastic
bandage in unanesthetized rats.

Rats were divided into three groups of 10 animals
each: Group | — 4 weeks of immobilization, 4 weeks of
observation without rehabilitation measures; Il group —4
weeks of immobilization, 4 weeks of low-frequency ther-
apy; Group Il —4 weeks of immobilization and 4 weeks in
a row rats received a course of vibration therapy.

Vibration development of the immobilized knee joint
was performed using a vibration stand in the mode of 20
Hz with an amplitude of 1.5 mm.

The immobilization bandage was removed, and the
animal’s limb was shaved from the fur to determine the
amount of movement in the animal. Markers were placed
on the hip, knee and hock joints. The animal was placed
on a special stand, and the limb was hanging down. To de-
termine the angle of flexion, the hind limb was maximally
flexed. A 50-g weight was tied to the hock joint to deter-
mine the extension. The range of motion was measured
from photographs.

A similar procedure was performed for the opposite
limb. Measurements were carried out weekly, four times
during immobilization and four times after the end of im-
mobilization.

We determined the angle of extension, the angle of
flexion, and based on these data, the amount of move-
ment. Contracture was defined as the difference between
the measured volume of movements and the volume of
movements before the start of the experiment for each
animal separately.

The experimental data were processed statistically.
The mean (M) and its standard error (SD), minimum and

Table 2 — Dynamics of contracture formation of the knee joint

of rats during immobilization

maximum values per group were determined. Compari-
sons between opposite limbs were performed using the
T-test for repeated measurements, comparisons between
experimental data and primary range of motion measure-
ments were made using a one-sample T-test, and compar-
isons between groups were made using a one-way analy-
sis of variance (ANOVA). Calculations were performed in
the IBM SPSS Statistics 20.0 application program package.

Research results.

Before the start of the experiment, the rats were mea-
sured for the range of motion in the knee joint (table 1).

Movement volume was measured weekly. The dy-
namics of knee joint contracture formation in laboratory
rats is shown in table 2.

Contracture on the 7th day of the experiment aver-
aged 5° (from 0° to 13°). No noticeable difference be-
tween groups of animals and immobilized and opposite
joints was found (p>>0.05).

On the 14th day of the experiment, an increase in the
progression of mobility limitation in the knee joint of rats
of groups | and Il was observed. In the Il group of rats,
the formation of a contracture on the immobilized joint
was not detected; in the animals of the | and Il groups, a
rather noticeable contracture was formed in the range of
20-25°, which was significantly more prominent than in
the animals of the Il group.

On the 21st day of the experiment, a significant in-
crease in contracture was noted in animals of the I and I
groups. The first signs of limitation of movements began
to be observed in animals of the Il group at an average
of (124)°; in animals of | and Il groups, the contracture
reached 50°. In some animals of all groups, the phenom-
enon of mobility restriction on the opposite joint began
to be noted —about 10° in animals of the | and Il groups
and about 7° in animals of the Ill group.

On the 28th day of the experiment, the animals of the
I and Il groups developed a contracture of the immobi-
lized joint of more than 60°. On the opposite joint, the
development of movement limitation in the range from
2°to 26° continued to be observed. In the Ill group of rats,
the contracture of the immobilized joint was smaller and
averaged (24+6)°. On the opposite joint, the restriction of
movement reached (13£8)°.

After 28 days, immobilization was removed from the
animals. And first group of animals was kept free in the
future. The second group of animals underwent daily vi-
bration procedures for 10 minutes. Group |l continued
the daily course of vibration development in the same
mode.

The dynamics of the restoration of mobility of the
knee joint are shown in table 3.

A week later, on the 35th day
of the experiment, the angles in
the knee joint were measured in

Terms of immobilization the animals.

Group 7th day 14th da 21st day 28th day A decrease in knee joint
Im C t/p Im C t/p | Im C t/p Im € t/p | contracture was observed in all
|| 5¢5 | 563 [0478] 2747 | 52 [9,557 5416 | 1124 (23,292| 6346 | 1745 | 16,674 animals. The most significant
0+13 | 09 |0,644]|12+38| 3+8 |0,001|47+63| 5+17 | 0,001 |54+76|11:26| 0,001 Changesfwefe Olbsef;]'edl_m_th? I
o | 5t3 | axa 0,730 2019 | 543 |6,182] 5446 | 1125 |17,276 | 6248 | 1428 | 13,217 g;OUP ° an'rtna s. The limitation
0+11 | 0+11|0,479| 3+35 | 1:9 |0,001|47:63| 318 | 0,001 |46:75| 2:25 | 0,001 | OF MOVEMENLS Was, on average
4x4 | 33 |1,186| 5:4 | 32 [2,337]| 1244 | 7+2 | 4,295 | 2446 | 13:8| 4,623 (144)°. The worst results were

= - ’ - = ’ - - ’ - - ’ i _ +6)°: i
| oz | 0:7 |0.266| 012 | 07 |0/044 8221 | 211 | 0,002 |14+34| 125 | 0,001 | M the I 8roup — (5946)7 in the Il
group — (40+7)°. The limitation of
F|1,604{0790|  [24,518/2,806 6,913(3,528 0,915/ 0,941 movements on the opposite limb

0,220|0,464 0,0010,078 0,004 0,044 0,413|0,403 decreased sharply to 5-6°.
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On the 42nd day of
the experiment, slow re-

Table 3 — Dynamics of changes in knee joint contracture
in laboratory rats after removal of immobilization

C%\lery c:jf .mol'\‘/eme'nts lwa? Observation period after removal of immobilization
observed in the animals of g 5 35da 42 da 49 da 56 da
the | group — (52+7)°; in Y Y Y Y
the Il group, the contrac- Im < tp Im < o Im < 2] Im < 72
’

ture decreased to (30+8)°: 59+6 | 6+4 |25,286| 5247 | 5+3 |15,217| 37+4 | 4+3 (23,034| 344 | 33 (18,299
in the Il group the(restri)c: ! 51+67 | 2+13 | 0,001 | 44+70| 1+11 | 0,001 | 31+42 | 0+7 | 0,001 | 26+40 | 0+8 | 0,001
tions were m’inimal and r 40+7 | 545 |14,085| 3048 | 65 | 7,245 | 14+6 | 2+2 |6,120| 7+4 | 243 | 3,638
averaged (12+5)°. The limi- 27+49 |-1:12| 0,001 | 18+43|-2+11| 0,001 | 727 | -1:5 | 0,001 | 0+13 | -2:7 | 0,005
tation of mobility inthe op- | |, 14+4 | 4%3 | 6,484 | 1245 | 443 | 6,551 | 7+5 | 243 |4,680| 1+3 | 1+2 | 0,345
posite joint remained with- 7+20 |-1+10| 0,001 | 219 | -1:9 | 0,001 | 0+15 |-3+8 |0,001| -2+8 |-3+3| 0,738
out noticeable changes. F |157,850|0,786 85,855(0,592 100,266|1,872 221,903|2,329

On the 3rd week after 0,001 |0,466 0,001 {0,560 0,001 |0,173 0,001 |0,117

the removal of immobiliza-

tion (49 day), in most of the animals of the Il group, full
recovery of mobility was noted, with some restrictions
remaining up to 15°, and joint mobility was restored on
the opposite limb. Good recovery dynamics up to (14+6)°
were observed in the Il group. In the | group, the changes
were slow —(374)°.

At the end of the experiment (56 day), all animals of
the Ill group had a full recovery of movements. In the Il
group, only some rats had a slight mobility restriction. In
the | group, a rather pronounced contracture was noted
at (34+4)° with no limitation of movements on the op-
posite joint.

Discussion of research results.

This study aimed to determine the formation of im-
mobilisation contracture of the knee joint and identify
the effects of limiting the joint’s range of motion after im-
mobilisation in laboratory rats.

Four weeks after the removal of immobilisation under
the condition of vibration development both during the
immobilisation process and after the removal of immo-
bilisation (Il group), a complete restoration of the range
of motion in the joint was observed. In animals that un-
derwent vibrostimulation only after immobilisation re-
moval (Il group), the average residual contracture was
(7¢4)°. In animals that were kept after immobilisation
removal without rehabilitation (I group), the contracture
remained within (34+4)°.

The obtained data coincide with the results of other
authors. Chimoto et al. [4] immobilized rat knee joints
with an internal fixator while the knee joint was flexed

slowly during the first three weeks of immobilisation, and
noticeable changes were observed only in the 4th week,
but significantly less than in groups I and II.

After removal of immobilisation in animals, normali-
sation of extension occurs. In the 1st group, in which the
recovery took place naturally, that is, without external in-
tervention, a slow increase in movements was observed.
On the 4th week after the removal of immobilisation, fol-
lowing the dynamics of recovery, a full return to normal
extension can be expected sometime after the 10th week.
In the rats of the Il group, after immobilisation removal,
vibration development was carried out, a rapid decrease
in contracture was observed, and a return almost to the
original values, judging by the dynamics of recovery for
5-6 weeks.

In the animals of the Ill group, a noticeable contrac-
ture began to form only after the 3rd week of immobi-
lization. It did not reach the level of the | and Il groups.
Therefore, recovery after removing immobilization was
complete and relatively fast —in 2 weeks.

Analysis of contracture, or limitation of movements in
the joint, provides more valuable information for study-
ing joint changes. Therefore, immobilization of the knee
joint (fig.) in the | and Il groups of animals gave a contrac-
ture of 60°, while in the Il group, the restrictions did not
exceed 25°. And accordingly, the recovery in the groups
with vibration development was rapid. In the Ill group, full
recovery was achieved; in the Il group —recovery of up to
5° residual contracture; in the | group, we observed a re-
sidual contracture of almost 35°, which is more than the
formed immobilization contracture in the Il the group.

at 150° to develop an animal model of flexion
contracture and investigated the progression of
arthrogenic limitation of motion after immobili-
zation. The study showed that joint contracture
progressed rapidly up to 8 weeks. Although our
experiment lasted only four weeks, we observed
an increase in contracture each week. Similar re-
sults were reported by other authors [5].

According to research, full recovery of joint
movements after 30 days of immobilization does
not occur for eight weeks [6] according to Sato
Y. et al. [7], only on the 32nd week, when the
animals are kept freely, it is possible to talk about
the restoration of movements.

During the experiment, it was found that a
rapid increase in movement limitation occurs
starting from the 2nd week of immobilisation. In
the animals of groups | and II, which were kept
during the immobilisation period, the formation
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of movement limitation occurred in the same
way. In group Ill, movement limitation occurred

Figure — Dynamics of changes in the contracture of the knee joint

of rats during the experiment.
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During the experiment, it was found that during the
progression of the contracture on the immobilized joint,
there is a limitation of movements on the opposite side.
We associate the decrease in the volume of movements,
mainly extension on the non-immobilized limb, with the
fact that to maintain balance during movement without
full support, rats must reduce their body height, thereby
bending the supporting limb. Prolonged locomotion in
this way leads to a functional reduction in the range of
motion (i.e. disuse contracture), which quickly disappears
when normal locomotion is restored. We did not specifi-
cally study this aspect, and it may be the subject of fur-
ther research.

The reason why the animals did not fully restore the
range of motion when vibration was used can be ex-
plained by the fact that, after all, the limitation of mo-
bility also affects the condition of the muscles, and the
short-term effect of vibration cannot fully replace physi-
cal exertion, but only restore hydrodynamics joint due to
improved blood circulation. It is not enough to maintain
and restore muscle strength.

DOI 10.29254/2077-4214-2023-2-169-345-352
YK 616.728.3-092.9
XacasHex A. A. M., *KapniHcoKa O. .

We found no research data on the effect of low-fre-
quency vibration on the restoration of joint mobility in
laboratory animals. Therefore, it can be assumed that the
obtained data will become the basis of a new direction
for studying the influence of low-frequency vibration, as
well as an impetus for developing devices for conducting
more narrowly focused experiments.

Conclusions.

Low-frequency vibration allows you to reduce the
impact of immobilization and significantly accelerate the
recovery of the joint after its completion. It should be
started as early as possible if it is impossible to conduct
vibrotherapy during immobilization.

Prospects for further research.

It should be noted that today there are few studies on
the effect of low-frequency vibration on the development
of immobilization contractures and their subsequent
treatment. The obtained data require further studies
with longer periods of immobilization, options for immo-
bilization, and modes of vibrational impact on the joints.

®OPMYBAHHA IMMOBINI3ALIAHOI KOHTPAKTYPU KOJIIHHOIO CYINOBA
Y NABOPATOPHUX TBAPUH TA BIAHOBJ/IEHHA ﬁO[O ®YHKLUIOHA/IbHOCTI
nA4a sniMmBoM HU3bKOYACTOTHOI BIBPALLII

(ekcnepumeHTanbHe AOCNIAXKEHHSA)
BiHHUUbKMUI HaLiOHaNbHUA MeaudHUiA YHiBepcuTeT im. M.I. Muporosa MO3 YkpaiHu
(m. BiHHMUA, YKpaiHa)
21y «lHcTUTyT NnaTtonorii xpe6Ta Ta cyrnobis im. npod. M.l. CuteHka HAMH YkpaiHu»
(m. Xapkis, YKpaiHa)
helen.karpinska@gmail.com

Cyano0b08i KOHMpPAKMYpPU — e BMpamu NacusHo20 0iana3oHy pyxie diapmpo3Hux cyanobie. OOHUM 3 nowuUpeHux
sudie cyz2n0608UX KOHMPAKMyp A8A910MbCA  iMMobinizayiliHi koHmpakmypu. Memoto 0ocnidnceHHs 6yno
8U3Ha4Yumu enaue iMmmobinisayii Ha popMy8aHHA KOHMPAKMYPU KOAIHHO20 cy2noba y nab6opamopHUX MmeapuH
(wypie) ma oyiHUMU MoxcuBiCMb 8IOHOBAEHHA PYXAUBOCMI Y pa3i BUKOPUCMAHHI HU3bKoYacmomHoi eibpayii e
npoueci immobinizayii ma nicaa ii 3asepweHHs. [Jocnioxcysanu 3 epynu nabopamopHux wypie no 10 meapuH: | —4
muxcHi immobinizayii, 4 muxcHi cnocmepexceHHa 6e3 peabinimayiliHux 3axodis; Il —4 muxcHi immobinizayii, 4 muxcHi
nposodunace HU3bkoyacmommHa mepanis; Il —4 muxcHi immobinizayii ma 4 muxcHi nocnine wypu ompumysanu Kypc
gibpauyiliHol mepanii. LLlomuxcHa sumiprosanu obcsez pyxie KoniHHO20 cyenoby. BibpayiliHa po3pobKa nposoduaacs 8
pexcumi 20 [y 3 amnnimyodoro 1,5 mm. CmpimKke HapOCMAaHHA KOHMPAkmMypu 8idbysaemocs 3 2 muicHA immobinizayii.
Y meapuH | ma Il epyn npouyec 8iobysasca o0HaKoso, 8 Il epyni KOHMpPAKmMypu cghopmysanucs Ha 4 MuIOeHs,
asne 3HaYywo mMeHule, Hix 8 rnonepedHix epynax. licas 3HAmMms immobinizayii 8 | epyni cnocmepieanu nosginsbHe
36inbweHHs pyxis, AKi HO 4 muxOeHb nicasa 3HAMmsA iMmmobinizayii He docszau HOPMAsbHUX 3Ha4YeHb. Y wypis
Il epynu 8i0bysanoca cmpimKke 3mMeHWeHHS KOHMPAkmypu, i 8iOHo8neHHs 8i06ysaoca Ha 4 muxoeHb. B Il epynu
8i0HOBeHHSA byn10 MOBHUM HA 2 muMcHIi. HusbkoyacmommHa 8ibpayia 0038075€ 3MeHWUMU 8raus iMmmobinizayii i
3HAYHO MPUCKOPUMU 8iOHOB/1eHHA Cy2n06a nicAA ii 3asepuwieHHA.

Key words: nabopamopHi meapuHu, ekcriepumeHm, KOHMpPakmypa, KoaiHHuUl cyanob, sibpayis.

38’A30K nyb6nikauii 3 n1aHOBMMM HAyKOBO-AOCAIg-
HUMM poboTamm.

JocnigyeHHa 6ynm BUKOHaHi B pamkax HAP «Busuu-
TM MexaHi3amu opMyBaHHA iIMMOGINI3aLiIHMX KOHTp-
aKTyp i 4OCAIAUTM BNAMB HU3bKOYACTOTHOI BibpaLii Ha
BiAHOBNEHHA GYHKLIi cyrnobiB», HOMep AepKaBHOI pee-
CTpayii 0121U111555.

Bctyn.

TepMiH «cyrnoboBi KOHTPAKTYpU» BUKOPUCTOBYETLCA
[O1A oNWcy BTPATM NAacMBHOTIO Aiana3oHy PyXiB AiapTpo3-

HUX cyrnobis, HaNbiNbLW NOLWMPEHOrO Ta PYXOMOTO TUMY
cyrno6is. BumiptoBaHHA MacMBHOTO YM aKTUBHOTO Ajana-
30HY pPyXiB cyr106a 3 KOHTPAKTYPOIO € KNHOUYEM [0 OLLIHKK
BaXK/NIMBOCTI KOHTPaKTyp cyrmobis [1]. KoHTpakTypu cy-
rnobiB, BUK/IMKAHI HEPYX/IMBICTIO, MaloTb SIK MiOTEHHUIA,
i apTpOreHHMM KOMMNOHEHTU. Y MoZeni Ha Wwypax nepioan
imMmobinisaLii MeHwe ABOX TUMKHIB BMK/IMKANM KOHTP-
aKTypu, AKi Bynn nos’A3aHi 3 M A30BUM 0OMEKEHHAM, i
KOHTPaKTypu 6ynn 3BOPOTHUMM nicna pemobinizauii. Y
pasi immobinisaLii NpoTArom YoTUpPLOX i Bifblue TUMKHIB

348

ISSN 2077-4214. Bicuuk npo6nem 6ionorii i meauuunu — 2023 — Bun. 2 (169) / Bulletin of problems in biology and medicine — 2023 - Issue 2 (169)



METOAU TA METOAUKU / METHODS AND METHODOLOGIES

CyrnoboBi CTPYKTypu Binblue cnpusanm obMexKeHHIo 06-
CAry pyxis, i KOHTPAKTYPMU, O BMHUKAIOTL B pe3ynbTaTi,
6ynn He3BopOTHMMM (2, 3].

MeTa gocnigKeHHs.

BusHaumTt Bname immobinisauii Ha ¢opmyBaHHA
KOHTPAKTYpW KONiHHOTO cyrnoba y 1abopaTopHUX TBapmH
(wypiB) Ta OLHUTN MOXAUBICTb BiAHOBAEHHA PYX/IUBOCTI
Y pasi BUKOPUCTaHHI HM3bKOYACTOTHOI BibpaLii B npoueci
immobinisauii Ta nicnA ii 3aBepLUeHHS.

O6’€eKT i meToAMN AOCNIAMKEHHS.

EKcnepvMmeHTanbHe ocniaskeHHa 6yno nposeneHo
Ha 30 HeniHiIMHWX BiNKnx LLypax-caMmuax BiKOM 6 micau,iB.

EKcnepvMeHTanbHi AoChigKeHHA 6yno nposeaeHo 3
OOTPUMAHHAM BMMOT TYMAHHOIO CTaB/IEHHA A0 Niano-
CNiJHUX TBAPWH, pernameHTOBaHMX 3aKoHOM YKpaiHu
«MpO 3aXMCT TBAPUH Bif, }KOPCTOKOrO NOBOAMKEHHA» (N2
3447-IV Big 21.02.2006 p.) Ta EBPONENCHKOIO KOHBEHL-
€10 NMPO 3aXUCT XPeOETHUX TBAPUH, AKI BUKOPUCTOBYHOTb-
CA ANA AOCAIAHUX Ta iHWKX HayKoBux Linen (Ctpacbypr,
18.03.1986 p.).

Mepen npoBeaeHHAM iMMmOGini3aLji BCiM TBapuUHam
BMMIpIOBaZIM KyT PO3rMHAHHA Ta 3rMHAHHA KOMiHHO-
ro cyrnoba. IMmobinisauia 3agHbOT KiHLiBKK Nig, KyTom
140° 6yna BUKOHaHa LWAAXOM ii yTPMMaHHA Nif, rincoBOIO
NoB’A3KO0 Ta eN1aCTUYHUM BUHTOM Y HEHAPKOTU30BaHMX
wypis.

LLlypv 6ynm nogineHi Ha 3 rpynuv no 10 TBapuH: | rpyna
— 4 TUKHI iIMMOGIiNi3auji, 4 TUXHI cnocTepeskeHHs 6e3 pe-
abinitauiiHmx 3axogis; Il rpyna — 4 TMXKHI immobinisauii,
4 TUXKHI NpoBOANANACb HM3bKOYaACTOTHa Tepania; Il rpyna
— 4 TXKHI iIMmobini3aui Ta 4 TUXKHI nocninb Wypu oTpu-
MyBa/IM Kypc BibpauiiHoi Tepanii.

BibpauiltHy po3pobKy iMmo6ini30BaHOrO KoOAiHHOIO
cyrnoba BUKOHYBa/M 3 BMKOPUCTAHHAM BibpaLiMHOro
cTeHay B pexumi 20 Iy, 3 amnnitygoto 1,5 mm.

[na BU3HaueHHA obcAary pyxiB y TBapuH immobinisa-
LiHY NOB’A3KY 3HIManM, KiHLiBKY TBAapUHU FrOAWAM Bif,
wepcti. CTaBUAM MapKepn Ha KynblOBUNA, KONIHHWUIA
Ta CKaKasbHWI cyrnobu. TBapuHy yKnaganu Ha cnedi-
anbHy MNiACTaBKY, KiHUiBKa 3Bucana. [nAa BM3HAYEeHHA
KyTa 3TMHAHHA 3aZHI0 KiHLIBKY MaKCMMasbHO 3rMHaNu,
AR BM3HAUYEHHA PO3rMHAHHA A0 CKaKanbHoOro cyrnoba
npue’asyBanu rmpbky macoto 50 r. Obcaru pyxis BUMipto-
Ba/IM No GOTO3HIMKaM.

AHanoriyHy npoueaypy BUKOHYBaAM 1A NPOTUNENK-
HOI KiHLiBKM. BUMipIOBaHHA NPOBOAUAN LLOTUXKHA 4 pa3n
B Nnpoueci immobinisauii Ta 4 pasu nicna 3aBepLUEHHs im-
mobinisaLii.

Bu3Hayanu KyT po3rMHaHHA, KyT 3TMHAHHA, i 33 LuM#n
OaHUMK — obcar pyxiB. KOHTpaKTypa BM3HaYanach fK pis-
HULSA MiXK BUMipAHUM 0b6csirom pyxis Ta obcarom pyxis 4o
NoYyaTKy EKCNEPUMEHTY /1A KOXKHOI TBAPUHU OKPEMO.

[aHi ekcnepumeHTy 6ynn ob6pobneHi CTaTUCTUYHO,
BM3HaYanu cepegHe (M) iioro ctaHgapTHY Noxmbky (SD),
MiHIMasnbHE Ta MaKCMManbHe 3HA4yeHHA no rpyni. Mo-
PIBHAHHA MiXX MPOTUNEKHUMM KiHLiBKaMM MPOBOAUAU
3a fonomoroto T-TecTy ANA NOBTOPHMX BUMIptOBaHb, No-
PIBHAHHSA MiXK AaHUMW EKCNEPUMEHTY Ta NEPBUHHUM BU-
MiploBaHHAM 0b6cAry pyxiB — ogHoBMbipKoBOro T-TecTy,
NOPIBHAHHA MiX rpynamm — ofHObaKTOpPHOro Ancnepcin-
Horo aHanisy (ANOVA). Po3paxyHKM NpoBOAUAN B NaKeTi
npuknagHux nporpam IBM SPSS Statistics 20.0.

Pe3ynbratu gocnigeHHs.

Mepes, NOYATKOM eKCnepUMEHTY Y LLypiB bynun npo-
BefleHi BUMiptoBaHHA obcAary pyxis B KoniHHOMY cyrnobi
(rabn. 1).

Tabnuusa 1 — KoHTponbHi BUMiptoBaHHA obcary
pyXiB y LWypiB nepeg NOYaTKOM EKCNepUMEHTY

KoHTponbHe Obcar pyxis, rpag,
BMMIPIOBAHHA | Po3rMHaHHA 3rnuHaHHA Obcar pyxis
MzSD 3212 151+1 11942
min+max 29+35 149+153 117+122

BumiptoBaHHA 0bcAry pyxiB NPOBOAMAN LLOTUMKHA.
[OnHamika GopMyBaHHS KOHTPAKTYpPU KONIHHMX Cyrnobis
y nabopaTopHUX LypiB HaBedeHa B Taba. 2.

KoHTpakTypa Ha 7 oby eKkcnepuMmeHTy CTaHOBWAA
B cepeaHbomy 5° (Big, 0° fo 13°). MOMITHOI pi3HMLI MixK
rpynamu TBapuH Ta iMMOGIiNi30BaHUM i NPOTUNEKHUM
cyrnobamu He suasneHo (p>>0,05).

Ha 14 poby ekcnepumeHTy crnoctepiranu 36inblweH-
HA NporpecyBaHHA 0BMeXKeHHA PyXIMBOCTI B KONIHHOMY
cyrnobi wypis | Ta Il rpyn. B Il rpyni wypis ¢opmyBaHHsA
KOHTPaKTypu Ha immobinisosaHomMy cyrnobi He BusiBnie-
Ho, y TBapuH | Ta Il rpyn cdopmyBanaca foBOAI NOMITHA
KOHTPaKTypa y merxkax 20-25°, fKa 3Hauyuwo 6yna 6inb-
IO, HiXK y TBapuH Il rpynn.

Ha 21 noby ekcrnepumeHTy y TBapuH | Ta Il rpyn Bia-
Mi4anu cyTTeBe 36iNnblUueHHA KOHTPaKTypu. Mepui o3Ha-
KM 0BbMeeHHs pyxiB cTanun cnoctepiratica y t8apuH Il
rpynu B cepeaHbomy (12+4)°, y TBapuH | Ta Il rpyn KoHTp-
aKTypa carHyna 3a 50°. Y gesakux TBapwuH BCix rpyn ctanm
BigMiuyaTUCA ABMLLA OOMENKEHHA PYX/IMBOCTI HA NPOTU-
nexxHomy cyrnobi—6ina 10°y teapuH | Ta ll rpyn, ‘ 6ina 7°
y T8apwuH Il rpynu.

Ha 28 noby ekcnepumeHTy y TBapuH | Ta Il rpyn cdop-
MyBasiacA KOHTpaKTypa immobinisosaHoro cyrnoba 6inb-
we 60°, Ha npoTunexHomy cyrnobi NpoAoBXKyBanocs
CNoCTepiraTUCA PO3BUTOK OBMENKEHHS PYXIB Y MeXKaXx Bif
2° no 26°. B Il rpyni wypie KOHTpaKTypa immobinizosa-
Horo cyrnoba 6yna MeHLO i CTaHOBW/IA B cepefHbOMY
(2416)°, Ha npoTUnexKHOMy cyrnobi obmeKeHHs pyxiB
carHyno (13+8)°.

Micna 28 pnobu y TBapuH byno 3HATO immobinisauito.
| rpyna TBapuH y NOA4ANbLIOMY BinbHO yTpumysanacs. Il
rpyna TBapuH WOAEHHO Npoxoanna Bibpau,iiHi npoueay-
pu no 10 xs. lll rpyna npoaoByKyBana WOoAEeHHWUI Kypc Bi-
6PO3PO6KM B TOMY K PEXKUMI.

[nHamika BiAHOBNIEHHA PYX/IMBOCTI KOJIIHHOIO Cyr/10-
6a HaBeggeHa B Tabn. 3.

Yepes TMKAEHb, Ha 35 006y eKcnepMMeHTy y TBapuH
6y/M NpoBeAeHi BUMIPHOBAHHA KYTiB Y KOMIHHOMY CYr10-
6i.

Y BCi TBApMH CNOCTEPIranoca 3MeHLWeHHA KOHTPaKTY-
pu KoniHHoro cyrnoba. Hanbinblui 3miHM cnocTepiranucs
B Ill rpyni TBapuH, 0bMexKeHHs pyxiB byo B cepeaHbOMY
(14+4)°, Hairipwi pesynbtaTti 6ynm B | rpyni — (59+6)°, y Il
rpyni — (40£7)°. Pi3Ko 3MeHLWNI0Cs 06MEKEHHs pyxiB Ha
NPOTUNENKHIN KiHLiBLi A0 5-6°.

Ha 42 noby ekcnepuMmeHTy y TBapuH | rpynum cnocre-
piranu nosinbHe BigHOBNEHHA pyxiB — (5217)°, B Il rpyni
KOHTpaKTypa 3meHwwunaca o (30+8)°, 8 Il rpyni obme-
YKEHHA ByIM MIHIMAaNbHUMM | CTAHOBUAW B CEPELHbOMY
(1245)°. OBbMeKeHHs pyX/IMBOCTI B NMPOTUNEKHOMY Cy-
rnobi 3annwanoca 6e3 NOMITHUX 3MiH.

Ha 3 TuxkaeHb nicns 3HATTA immobinisauii (49 noba)
y 6inblocti TBapuH Il rpynn Bigmivanu nosHe BigHOB-
NEHHA PYX/IMBOCTI i3 3aMLWKAMM Y AEAKUX 0OBMENKeHb A0
15°, Ha NPOTUNEXKHIW KiHLiBLj pyxauBicTb cyrnoba byna
BigHoBNeHa. B Il rpyni cnocTepiranacb rapHa AMHaMmiKa
BigHoBNeHHA A0 (1416)°, B | rpyni 3miHWM 6ynn NoBiNbHiI
—(374)°.
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Tabnuuysa 2 — fiuHamika GopMyBaHHA KOHTPAKTYPU KONIHHOIO
cyrnoba wypis npu immob6inisauii

B npoueci nposeaeHHs eKc-
nepumeHTty 6yno BUABAEHO,

TepmiHu immobinizauii o CTpiMKke ltiapO.CTgHHﬂ 06-

lpyna 7 noba 14 poba 21 poba 28 noba MEHEHHA PYXIB BIA y'BaETbC'ﬂ
NoYMHAKUM 3 2 TUXKHA iIMMObi-

Im K t/p Im K t/p Im K t/p Im K t/p . .

545 | 543 |0,478| 27+7 | 5+2 |9,557| 5446 | 1144 [23,292 | 63+6 | 1745 | 16,674 nizauil. yveaputtiall rpyn, Akl

' 10:13| 0:9 |0644|12:38| 3:8 |0,00147:63| 5:17 | 0,001 |54:76|11:26| 0,001 | YTPVMYBANMCA B NEPIOA IMMO-
6inisauii npouec GopmyBaHHSA

|| | o i e )1 27| oowewenin i oy
i . ’ i - ’ - i 4 - i 4 oaHakoso, B Il rpyni nepwi

m 414 | 313 |1,186| 5t4 | 3+2 |2,337| 124 | 7+2 | 4,295 | 2446 | 138 | 4,623 | 3 TUxKHi immobinizauii obme-
0+8 | 07 0,266 0+12 | 0+7 |0,044) 8+21 | 2:11 | 0,002 |14+34) 1:25 | 0,001 | wepua pyxis 8iaGyBaNoOCcA no-

F 1,604|0,790 ) 24,518(2,806 6,913(3,528 0,915|0,941 Bi/IbHO, i TiNIbKM Ha 4 TUXKAOEHDb
p 0,220(0,464 0,001 0,078 0,004(0,044 0,413|0,403 CnocTepiranocb NOMITHI 3MiHK,
Ha KiHeub ekcnepumeHTy (56 f06a) y TBapwmH I rpynu Il rpynax ane 3Hauyulo MeHLe, Hix 8 I Ta

BiAMiYanM NOBHe BiAHOB/AEHHA PyXiB y BCiX TBapuH, B I
rpyni TiNbKK y AeAKMX LWypiB cnocTepiraan He3HavyHe 06-
MEXeHHA pyxanBocTi, B | rpyni Bigmiyann gosoni Bupa-
YKEHY KOHTPaKTypy Y (34+4)° npu BiacyTHOCTI 0bMmexKeHHA
pyxiB Ha NpOTUAEXKHOMY Cyr06i.

O6roBopeHHs pe3ynbTaTiB AOC/IAKEHHS.

MeTa ubOro AOCHIAKEHHA MNoMArana y BU3HAYEHHI
bopMyBaHHA iIMMOGINI3aLiiHOT KOHTPAKTYpPWU KOMIHHOTO
cyrnoba Ta BUAB/MEHHI edeKTiB 0OMEXKeHHs [Aiana3oHy
pyxy cyrnoby nicas immobinisau,ii y nabopaTopHuMX LLypiB.

Yepes 4 TMXKHI nicna 3HATTA immobinisauii 3a ymosu
BibpaLiliHiin po3pobKM siK B mpoueci immobinisauii, Tak
i B nmicna 3HATTA iMmobinisauii (Il rpyna), cnocrepirann
noBHe BigHOBMEHHA obcary pyxiB B cyrnobi. Y TBapuH,
AKIM BiBPOCTUMYAALO MPOBOAUAN TifIbKK MiCAA 3HATTA
immobinizauii (Il rpyna) 3anulIKoBa KOHTPaKTypa B ce-
peaHboMy cTaHoBAna (714)°. Y TBapwH, AKi yTpUMyBanu-
ca nicna 3HATTA imMmobinisauii 6e3 peabinitauii (I rpyna)
KOHTPAKTYpa 3a/1Lianach y mexax (34+4)°.

OTpumaHi paHi 36iratoTbca 3 pesynbTaTaMy iHLIMX
astopis. Chimoto et al [4] immobinisyBanun KoniHHi cyrno-
61 WypiB 3a 4ONOMOrO0 BHYTpiWHbOro dikcatopa, Koam
KOMIHHWI cyrnob 6yB 3irHyTnin Ha 150°, Wwob po3pobutu
TBAPUHHY MOZEeNb KOHTPAKTYpU 3rMHanbHoro cyrnoba ta
O0CAiAKYBaAM NPOrpecyBaHHA apTPOreHHOro 0bMeKeH-
HA pyxiB nicna immobinisauji. JocniaxKeHHA nokasano,
O KOHTpaKTypa cyrioba WBMAKO nporpecysana fo 8
TUXKHIB. XO4a HALl eKCNEePUMEHT TPMBAB TiNIbKN 4 TUXKHI,
MW CMOCTepirasM HaPOCTaHHA KOHTPAKTYpPU KOXHOTo
TUXKHA. PO aHaANOriYHI pe3ynbTaTh CNOBILLAKOTL iHLWI aB-
Topw [5].

3a faHUMKM JoCnigKeHb, NOBHE BigHOBNAEHHA PyXiB Y
cyrnobax nicna 30 geHHOT iMmobini3aLii He BifbyBaeTbCA
Ha 8 TUXAeHb [6] 3a gaHnmum Sato Y. et al. [7] TinbKn Ha 32
TUXAEHD NPU BIIBHOMY YTPUMAHHI TBapUH MOXHa rOBO-
pUTK NPO BiAHOB/IEHHS PyXiB.

Tabnuua 3 — JuHamiKa 3MiHM KOHTPAKTYpPU KONIHHOrO cyrnoba

Micna 3HATTA iMmMmobinisauii y TBapuH BiabyBaeTbcA
HOpMani3aLif po3rMHaHHA. B | rpyni, B AKii BigHOBNEHHA
NPOXOAUA0 NPUPOAHUM LWAAXOM, TO6TO 6e3 30BHILLHbO-
ro BTPy4aHHs, crnoctepiranv nosisibHe 36i1blIEHHSA pyXiB,
Ha 4 TMXKAEHb Micna 3HATTA iIMMOGini3auji npocTexytoun
ONHAMIKy BiJHOB/NIEHHA MOXHa O4iKyBaTWM MOBHOro Mo-
BEPHEHHA A0 HOPMA/sIbHOIO PO3rMHaHHA Aecb nicna 10
TUXKHA. Y wypis |l rpynu nicns 3HATTA immobinisauii npo-
BoAMnachb BibpauiiiHa po3pobka crnocTepiranm cTpiMmke
3MEHLUEHHA KOHTPAKTYpW, i NOBEPHEHHA NPAKTUYHO A0
NepBUHHUX 3HAYEHb, CYAAYM 3 AMHAMIKM BiLHOBNEHHA
Ha 5-6 TUXKAEeHb.

Y tBapuH lll rpynn nomiTHa KOHTpaKTypa noyvana pop-
MYyBATUCA TiNIbKK Nicna 3 TUXKHA immobinisauii, i Hepo-
carna pisHa | Ta Il rpyn, Tomy, BiANOBIAHO, BiAHOBNEHHSA
nicna 3HATTA iMmmobinisauii 6ys0 NOBHMM Ta BiAHOCHO
LUBMAKUM — 33 2 TUXKHI.

AHani3 KoHTPakKTypu, abo obmexeHHA pyxiB B Cyrnobi
Aae b6inblwe LiHHOT iHPpopMaLi ANA BUBYEHHA 3MiH Y CY-
rnobax. OTKe immobinisauia KoniHHoro cyrnoba (puc.) B
| Ta Il rpynax TBapuH Aana KOHTPakKTypy B 60°, Toai Ak B 1l
rpyni obmexkeHHA He nepesBuwysanu 25°. | BiANOBIAHO,
BiAHOBNEHHA B rpynax 3 BibpauliiHot po3pobKoto 6yno
cTpimkum, B Il rpyni gocArHyTo nosHe BigHOBAEHHA, B |l
rpyni — BigHOBNEHHA A0 5° 3a/MLLKOBOI KOHTPAKTYpH, B
| rpyni cnocTepiraemo 3aMLWLKOBY KOHTPAKTYpPYy Yy Malixke
35°, wo 6inbwe, HiXX chopmoBaHa iMmobinisauiniHa
KOHTpakKTypi 8 Il rpyni.

Mpu NnpoBeageHHI ekcnepumeHTy 6yno BUABAEHO, WO
Nnpu NporpecyBaHHi KOHTPaAKTYpX Ha iMmobinisoBaHomy
cyrnobi BUHWKAE OBMeXKeHHA PyXiB Ha MPOTU/IEKHOMY.
MpUYMHa 3MEeHLIeHHA obcary pyxis, NEPeBaXKHO PO3ru-
HaHHA Ha HeiMMO6iNi30BaHil KiHLiBLI MM NOB’A3YEMO 3
TUM, WO ANA NiIATPUMKN PiBHOBaru Npu nepecysBaHHi Nnpm
BiACYTHOCTi MOBHOLLHHOI OMNOpPM, LWYpPWU MOBUHHI 3MEH-
LWYBATU BUCOTY TiNa, TUM
CaMMM  3TMHa4YM  OMo-

y NabopaTopHUX WypiB nicaa 3HATTA immobinisau,ii

PHY KiHUiBRY. TpuBanui

TepMiH cnocTepesKeHHA nicaa 3HATTA iIMmobinizawii 4yac nepecyBaHHA TaKUM

fpyna 35 goba 42 noba 49 noba 56 fo6a cnocobom Besie A0 GyHK-

T K t/p m K | tp m K | t/p T K t/p_| WIOHa/bHOTO 3MEHLEHHS

| | 596 | 634 | 25286 | 5247 | 5¢3 [15,217] 37¢4 | 423 |23,034| 3424 | 3+3 |18,299 obcary pyxis (T06T0 KOHTP-

51:67 | 2:13 | 0,001 |44+70| 111 | 0,001 | 31:42 | 0:7 | 0,001 | 26+40 | 0+8 | 0,001 | @KTYPa HEBUKOPUCTaHHS),

o | 4017 | 5:5 (14,085 | 3048 | 625 [ 7,245 | 1426 | 242 6120 704 | 213 [3,638 AKa LBMAKO 3HMKAE Mpu

27+49 |-1212| 0,001 |18+43|-2:11|0,001| 7227 | -1:5 | 0,001 | 013 | -2:7 | 0,005 | BYAHOB/NEHHI HOPMANbHO-

1454 | 443 | 6,484 | 1245 | 423 |6,551| 765 | 2:3 | 4,680 | 123 | 122 | 0,345 | o €nocoby nepecyBanHs.

1 220 |-1:10| 0,001 | 2519 | -129 | 0,001 | 0+15 | -3:8 | 0001 | 2:8 |-3:3 | 0738 | CNEUNbHO MU He BuBYa-

N Uen aCnekT, | ue moxe

F |157,850|0,786 85,855(0,592 100,266(1,872 221,903(2,329 YT TEMOIO  HACTYMHUX
p | 0,001 |0466 0,001 |0,560 0,001 (0,173 0,001 |0,117 OGN Kb,
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MpuynHOIO, YOMY Y TBApPWMH NPU BUKOPUCTAH- 70
Hi BiBpauUiltHOro BN/MBY He BigBY/NOCA NOBHOMO
BiAHOBNEHHA 06CAriB PyXxiB, MOMHa MOACHUTU
TUM, WO BCE K TaKW, OOMEKEHHA PyX/JMBOCTI
BM/INBAE i HA CTaH M’A3iB, i KOPOTKOYACHWI BN/IMB
BibpaLlii He MOXKe NOBHOLIHHO 3aMiHUTU di3nyHe
HaBaHTAXKEHHA, A TiNIbKU BIAHOBUTM TigpogmHa-
MiKy cyrnoba 4yepes MOKpPaALLEHHS KpoBOODiry.
Lle 3amano ana nigTpMmMKu Ta BiGHOBAEHHA CUAN
m’azis.

My He 3HAWWAM AaHWUX AOCAIAXEHb LOA0
BM/IMBY HWU3bKOYACTOTHOI Bibpalii Ha BigHOB- iG
NeHHA PyX/AIMBOCTI cyrnobis y nabopaTopHuMx TBa-
pyH. TOMy MOXKHa BBarKaTu, WO OTPMMAHI AaHi 0@
CTaHYTb OCHOBOK HOBOFO HanNpPAMKY AK ANS BU- 0 7 14 21 28 35 42 49 56
BYEHHA BMAMBY HM3bKOYACTOTHOI Bibpalii, TaK i [o6a
MOLUTOBXOM A0 PO3pO6KM MpUCTPOiB 418 Npo-
BeAeHHA Binbll By3bKO HanpaB/NEHUX eKCrnepu- =t=llm —o—IK =@=lllm —o=lK =o=lllm —o=IlIk
MEHTIB.

BUCHOBKM. PUCYHOK — [InHamiKa 3MiHM KOHTPAKTypu KONiHHOrO cyrnoby Lwypis B npoueci

HusbkoyacToTHa BibpaLis [03BONSE 3MEH- MIPOBEACHHA EKCMEPUMENTY-

LWWTK BMIMB IMMOBINI3aLji | 3HAYHO NPUCKOPUTM BUTOK iIMMOBIiNi3aliiHMX KOHTPaKTyp Ta iX nogasnblie
BigHOBNAEHHA cyrnob6a nicns ii 3aBepLueHHs. Mpyu HeMOXK-
JIMBOCTI NpoBeaeHHA BibpoTepanii B nepiog immobinisa-
Lii, il npoBeAeHHA CNif NOYMHATU AK MOXKHA paHille. cnigxeHb 3 6iNbl TPMBANUMM TepMiHaMM iIMMODbini3auii,

MepcneKkTMBM NOAANbLINX AOCNIANKEHD.

Tpeba BiAMITUTK, LLO HA CbOrOAHI iCHYE Mano Aochni-
[OKEHb LLoA0 BM/IMBY HM3bKOYACTOTHOI Bibpaujii Ha po3- By Ha cyriobu.

IMmobinisauia BigHOBAEHHA

w £=d o L*a}
[=] =] [=] (=1

Koutpakrypa, rpag.

[
o

NikyBaHHA. OTpuMaHi gaHi noTpebyoTb NoganbWwmxX 4o-

BapiaHTIB iMMObini3auii Ta perkmumis BibpaujiiHoro Bnam-
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®OPMYBAHHA IMMOBINI3ALIAHOI KOHTPAKTYPU KOJIIHHOTO CYINIOBA Y IABOPATOPHMUX TBAPUH TA BIJ-
HOBJIEHHA MOI0 ®YHKLIOHA/IbHOCTI NiA BN/IMBOM HU3bKOYACTOTHOI BIBPALLII (ekcnepumeHTanbHe gochi-
DOXKEHHA)

XacasHex A .A. M., KapniHcbka O. [.

Pestome. TepmiH «cyrnob0Bi KOHTPAKTYpPU» BUKOPUCTOBYETLCA ANA ONWUCY BTPATVM NAaCMBHOTO Aiana3oHy pyxis Aiap-
TPO3HMX Ccyr106iB, HaMbINbLL NOLWMPEHOro Ta pyXxomoro Tuny cyrnobis. Mpu immobinisauii npotarom 4oTMpbOX i HinbLue
TUXKHIB cyr1060Bi CTPYKTYpK Binblue cnpusanm obmexkeHHo obcary pyxis, i KOHTPAKTYPW, WO BUHWKAIOTb B pe3ybTaTi
€ HEe3BOPOTHUMM.

Mema docnidxceHHs. BusHauntu Bname immobinisauii Ha GopmMmyBaHHA KOHTPAKTYpW KoJliHHOrO cyrioba y nabo-
paTOpHUX TBAPWH (LLypiB) Ta OLIHUTU MOMK/IMBICTb BiAHOBAEHHA PYX/IMBOCTI Y pa3i BUKOPUCTAHHI HM3bKOYACTOTHOI Bi-
6paii B npoueci immobinisauii Ta nicns ii 3aBeplleHHA.

06’ekm i MemoOu 0ocnioreHHA. EkcnepumeHTanbHe AocnigxKeHHa byno nposeaeHo Ha 30 HeniHiHMX Binunx wy-
pax-camugax Bikom 6 micauis. Jocnigxysanu 3 rpynu no 10 TBapmH: | rpyna — 4 TvxKHI immobinizauii, 4 TM3KHI cnoctepe-
eHHA 6e3 peabinitTauinHnx 3axoais; Il rpyna — 4 TvKHI immobinisauii, 4 TUXHI NPoBOAMAACE HA3bKOYACTOTHA Tepanis;
Il rpyna — 4 TUKHI immobinisauji Ta 4 TUMKHI NOCNIiNb LWypWU OTPUMYBaAK Kypc BibpauiliHoi Tepanil.

Mepen npoBeaeHHAM iMMobinisaLii BCim TBaprMHaM BUMIpPIOBaN KyT PO3rMHAHHA Ta 3TMHAHHA KoNiHHOTO cyrnoba.
IMMmobinizauia 3agHbOI KiHLiBKKM Nig, KyTom 140° 6yna BMKOHAHA WAAXOM il YTPMMaHHSA Nif, rincoBoto NMos’sa3Koto Ta
€/1aCTUYHUM BMHTOM Yy HEHAPKOTM30BAHMX LLypiB. BibpauiliHy po3pobKy immobinisoBaHoro KosiHHOro cyrnoba Bu-
KOHYBA/IM 3 BUKOPUCTaHHAM BibpauiiHoro cteHay B pexkumi 20 My, 3 amnaitygoto 1,5 mm. BU3HaueHHsi KOHTPaKTypu
NPOBOAN/IN LLOTUKHA.

Pe3zynbmamu docnidxeHHA. byno BUABNEHO, WO CTPiIMKE HAPOCTaHHA 0BMeXKeHHA pyxiB BiAOYBaeTbCA MOYMHAIOUM
3 2 TUXKHA imMmobinisauii. Y TBapuH | Ta Il rpyn obmexkeHHs pyxis Bigdysanoca ogHakoso, B Il rpyni TinbKu Ha 4 TUKAEHD
CrnocTepirasiocb NOMITHI 3MiHK, afie 3HaYyLLLO MeHLLe, HiX B | Ta Il rpynax. Micaa 3HATTA immobinisauii y TBapuH Biaby-
Ba€ETbCA HOpMai3aLia po3rMHaHHA. B | rpyni cnoctepiranv nosinbHe 36inblueHHA pyXiB, AKi Ha 4 TUXAEHb NiCA 3HATTA
immobinisaLii He gocArM HopMabHUX 3HaYeHb. Y Wwypis |l rpynu cnoctepirany cTpiMKe 3MEHLLEHHA KOHTPAKTYpW, i
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NMOBEPHEHHA NPAKTUYHO A0 NEPBUHHUX 3HaYeHb. B IIl rpynu BiAHOBAEHHA ByN10 NOBHUM Ta BiZHOCHO WBUAKUM — 33 2
TUXKHI.

ImMmobinizauina KoniHHoOro cyrnoba B | Ta Il rpynax TBapuH Aana KoHTpaKTypy B 60°, Toaj Ak B Il rpyni obmexeHHA
He nepeswuLLyBann 25°. BigHoBAEHHSA B rpynax 3 BibpaLiinHO po3pobKoto Byno cTpimkum, B Il rpyni A4OCArHYTO NOBHE
BigHOBANEHHSA, B |l rpyni — BigHOBNEHHA A0 5° 3aAMLWKOBOIT KOHTPAKTYPK, B | rpyni 3a/1MWLKOBA KOHTPAKTYpa CTaHOBUANA
6ina 35°, wo binble, Hixk cdopmoBaHa immobinizauiiHa KoHTpakTypi B Il rpyni.

BucHosKu. H13bKo4vacToTHa Bibpaliia 403BONSE 3MEHLLUTM BN/IMB iIMMOBIiNi3aLji i 3HaYHO NPUCKOPUTY BiAHOBNEHHSA
cyrnoba nicns ii 3aBeplueHHA. MNpyn HEMOXKIMBOCTI NpPoBeAeHHA BibpoTepanii B nepiog immobinisadji, il npoBeaeHHs
CNif, NOYNHATM AK MOXKHA paHilue.

Tpeba BiAMITUTH, LLLO HA CbOrOAHI iICHYE Mano A0CNIAKEHb WOAO BNIMBY HU3bKOYACTOTHOI BibpaLiii Ha pO3BUTOK im-
MO6ini3aLiMHNUX KOHTPAKTYP Ta IX Nogasblue NikyBaHHA. OTpUMaHi gaHi NoTpebyoTb NOAANbLIMX AOCIAKEHDb 3 Hinblu
TPUBANIMMM TEpMiHaMK iIMMOBini3auii, BapiaHTiB iMMoBini3aLji Ta pexkMmis BibpalliiHOro BNiMBY Ha cyrnobu.

KntouyoBi cnosa: nabopaTopHi TBapMHU, EKCNEPUMEHT, KOHTPAKTYpPa, KONiHHMI cyrnob, Bibpauis

FORMATION OF IMMOBILIZATION CONTRACTURE OF THE KNEE JOINT IN LABORATORY ANIMALS AND
RESTORATION OF ITS FUNCTIONALITY UNDER THE INFLUENCE OF LOW-FREQUENCY VIBRATION (experimental study)

Khasawneh A. A. M., Karpinska O. D.

Abstract. The term «joint contractures» is used to describe the loss of passive range of motion of diarthrosis joints,
the most common and mobile type of joints. When immobilized for four or more weeks, the joint structures contribute
more to limiting the range of motion, and the resulting contractures are irreversible.

Objective of the study. To determine the effect of immobilization on the formation of knee joint contracture in
laboratory animals (rats) and to evaluate the possibility of restoring mobility in the case of low-frequency vibration
during immobilization and after its completion.

Object and research methods. The experimental study was conducted on 30 nonlinear white male rats aged 6
months. We studied 3 groups of 10 animals each: Group | —4 weeks of immobilization, 4 weeks of observation without
rehabilitation measures; Group Il —4 weeks of immobilization, 4 weeks of low-frequency therapy; Group Ill —4 weeks
of immobilization and 4 consecutive weeks of vibration therapy.

Before immobilization, the angle of extension and flexion of the knee joint was measured in all animals.
Immobilization of the hind limb at an angle of 140° was performed by holding it under a plaster cast and elastic bandage
in unanesthetized rats. Vibratory development of the immobilized knee joint was performed using a vibration stand in
the 20 Hz mode with an amplitude of 1.5 mm. Determination of contracture was performed weekly.

Research results. 1t was found that a rapid increase in movement restriction occurs from the 2nd week of
immobilization. In animals of groups | and I, the limitation of movements occurred in the same way, in group Ill only
at week 4 there were noticeable changes, but significantly less than in groups | and Il. After removal of immobilization,
the animals showed normalization of extension. In group |, a slow increase in movements was observed, which did not
reach normal values by week 4 after immobilization was removed. In rats of group I, a rapid decrease in contracture
was observed, and a return to almost the original values. In group Ill, the recovery was complete and relatively fast —in
2 weeks.

Immobilization of the knee joint in groups | and Il resulted in a contracture of 60°, while in group Il the restrictions
did not exceed 25°. Recovery in the groups with vibration development was rapid, in group Ill a complete recovery was
achieved, in group Il — recovery of up to 5° of residual contracture, in group | the residual contracture was about 35°,
which is more than the formed immobilization contracture in group IIl.

Conclusions. Low-frequency vibration can reduce the effect of immobilization and significantly accelerate joint
recovery after its completion. If vibration therapy is not possible during the period of immobilization, it should be
started as early as possible.

It should be noted that today there are few studies on the effect of low-frequency vibration on the development of
immobilization contractures and their subsequent treatment. The data obtained require further research with longer
immobilization periods, immobilization options, and modes of vibration exposure to joints.

Key words: laboratory animals, experiment, contracture, knee joint, vibration
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