ISSN 1608-1706 (print), ISSN 2307-1397 (online)

CMELIAAI3OBAHWIA PELLEH3OBAHUIA HAYKOBO-MPAKTUYHMIA XYPHAA

Tom 23, Ne 1, 2022

Tpasma

N
N
=)
N
-
Ol
prd
o)
AN

3
—

JlixysaHHs BOJIO
B M'A3ax Ta cyrnobax' |gm

30, 50, 100 r rena y TyGi

1. Mowasawnn: nocmmpasmamuynuii Gins y w'A3ax ma cyanobax, 30manenns cyxomuns.
0B08'AZKO80 YAAKHD i A 3 NOGHOK it e dna 24EMOCYRAHNA NiKAPCERO2O 2acoly Dacmym®™ 2ems N9 324 gid 09.04.2020, a came 3 ROANUM NEPeniNom
npomunoxkazaxs, nobivrux egexmia [ ocolinusocmed 30TMOCYBANHA,

Ingopaayin NPo peuenTypHui i i aacié gna e i BROPOB’S, AN MES i
CKOPOYEHA [HCTPYKUIA ama MeanyHoro 3acrocysantn nikapcskoroe sacoby SACTYM® FENb (FASTUM® GEL)

Cxnapn, 11 renio MicTuTs 0,025 r. P w4Ha rpyna. Hecrepoigwi npomwsananshi sacofiu ann micuesoro sacTocysattn. Kop ATX MO2A A10. Nokazannn.
NocTrpasmaTidmAi Ginb y M'A3aX Ta cyrnobax, cyrommne. Mp HanaHicTs B aramHes! rinepuyTaneaocT 1o Gyab-aKoi i1 JoNoMixHIY pedoRHH Nikapcbrora aacoby,
HEHEHICTD B AHAMHE DEarWl GOTOUYTIBOCT, BULOM PearUil rNepuy TIMBCCT, BRAKE COHAYHMX NPOMeHIB, HaBiTs ¥ Burnagl 0 CBITNE Yu YD 8 conapii
nig wac nikysanna i npoTarom aAnox Trxxie nicna #oro npunuienma, [l ipusectp sarmocT Ta imwi.

O 3ac MNig vac ni Ta NPOTATOM 2 THXHIE NICAN AOTO 3aBEPLISHHRA PEKOMENAYETECR HOCHTH OAAT, AKKIA JaKPMBAE AINAHKY @
HAHECEHHR, LA YHUKHEHHA GoTouyTANBOCTI,

CnociB 2acTOCYBANHA TA AO3M. [ENb CAI HAHOCHTH TORKIM WAPOM [3-5 (M) Ha ypamen ginansd ai | 1o 3 padis Ha Jofy. 8 AR KPILOFD NPOHAEHEHHR JACTOCYBATH Nerki macamui pyxn. MoBiuui

edext, Ihogi micuesi weipni peakuil, Taki Ax epuTema, excemd, coepdix | BIRUYTIR nedivkA; PigKko: Kep pearui (§ A, Gynbosni ewcunn i sponna’ankal; aywe Pk

NENTHYHA BIWPINE, WNYHKORO-KUUIKORR KDOBOTEYA, AIAPER, KEHTAKTHWI ABPMATHT, HUDKCRA HEAOCTATHICTY 350 NOTIPWEHHA CTAHY ¥ Padi HARBKOCTI Takei Ta iHwi. Kaveropin signycwy. 3a peuentom.
A Metapini Many garrypinr lorictise enp Cepaicec CpJl. Appeca: Bia Cete Canti 3, 50131 ®nopenuia (D1}, franis.

32 N0EHOK IBOPMALIEK IRERTAATECA 10 IHCTPYKLT AR MEQVNHOND JACTOCYBAHHA NiKkapCLkaro sacoly Dacrym® rens KE §24 ain 09.04,2020, PN, N9 LA/10841/01/01
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IsvkenoB A.A.7, KapniHcekm M.IO.", KOpyeHko A.A.2, KapniHcbka O.A.", [oH4YapoBa N.€.2
TAY «IHCTUTYT NAQTOoAOriT XpebTa Ta Cymobis iM. npog. M.I. CuteHka HAMH Ykpainu», M. Xapkis, YkpaiHa
2 AOHeLbK HALIOHAAbHMV MeAnYHn yHiBepcuteT MO3 YkpaiHu, m. AumaH, YkpaiHa

MareMaTtnyHe MOAEAIOBAHHS 9K IHCTPYMEHT
AOCAIAXEHHS QYHKUIT M’43iB TA3OBOro nosica
npu AUCNAACTUYHOMY KOKCAPTPOS3i

Pestome. AkTyanbHICTb. AMCMIAQCTUYHUY KOKCOPTPO3 Y AOPOCAUX MALIEHTIB XOPAKTEPU3YETHCS 3MIHOK reoMe-
TPUYHUX MAPAMETPIB, MPOKCUMAABHOIO BIAAIAY CTETHOBOI KICTKI, BEPTAKOXKHOI 3QNQAMHN TQ iX CriBBIAHOLUEHB. [Tou
3MIHEHHI reOMeTPUYHMX MAPAMETPIB KYAbLLOBOIO CYMo6Q 3MIHIOKTLECS KYTU MPUKPIMIAEHHSI M SI3iB TA MAEYI iX CUA,
10 06YMOBAKOE OCOBAMBOCTI POBOTH M G3iB TA30BOrO Mosica. Mera po6otn — o6rpyHTYBAHHSI TA MO6YA0BA MQA-
TEMQATUYHOT MOAEAI POBOTU M 513iB TA30BOrO MOSICA MPU AUCIAQCTUYHOMY KOKCOPTPO3i. Marepiaau ta metoau. B
OCHOBY 6YAOBU MOAEAI POOOTU M 513iB TABOBOrO MosICA fpv AUCIAQCTUYHOMY KOKCOPTPO3i OYAO MOKAQAEHO 6a-
30BY QI3NYHY MOAEAL TA3Q TQ HUKHBOI KIHLBKM. SMIHY MQpAMETPIB KyAbLLOBOIro CYrmooa BUKOHYBAAU 3riAHO 3 AQ-
HUMUM MPOBEAEHOI PAHILLE PEeHTTEHOMETPIT 49 KyAbLLIOBUX CYIMOBIB AOPOCAUX MNALIEHTIB i3 AUCIAQCTUYHUM KOKC-
apTPO30M. AAST KOXKHOIO 3 M 513iB OYAO BU3HQYEHO MAPAMETPU MOro PpoBOTH TA MOro BHECOK Y 36epeXXeHHSs1 ropu-
30HTAALHOI PIBHOBAM/ TA3Q, CKAQAEHO PIBHSIHHST PIBHOBAMY MOMEHTIB CUA M $13iB TQ30BOIO rosiCA 1A MPOAHAAIZ0-
BAHO POB6OTY BCIX M 513iB TA30BOrO MOSICA, 3A3HAYEHUX Y MOAEAL. Pe3yAbTaTn. KOXKeH i3 M’513iB, LLO 3a6e3neyyroTs
FOPM3OHTAALHY PIBHOBArY TQ3Q, Y HOPMI (rpw BA3i nawieHTa 80 Kr) PO3BUBAE CUAY, LLLO CTAHOBUTH OAU3BbKO MOAOBM-
HW CBOET MAKCUMAABHO MOXXAMBOI CUAM, TOGTO BCI M S1311 MPALFOKOTH STK MIHIMYM i3 ABOPQ30BMM 3ArACOM MiLHOCTI.
36inbLueHHS Bary nauieHTa Ha 20-25 % (a0 100 kr i GinbLLe) MOMITHO noripLye epekTnBHICTs POOOTM M'S3iB. BoHM
3myLueHi 3aaisti noHas 70-80 % cBoOEl QBCONOTHOI CUAM, LLIO PISKO 3HUDKYE iX BUTDUBAAICTb TQ €(PEKTUBHICTb PO-
601u. lpou rerkomy cryneHi Ancrnaasii (1-v1 tun 3a Crowe) KOXXeH 3 QHAAIBOBAHUX M S13iB PO3BUBAE CUAY, AULLE HO
TPETUHY MEHLLE T ABCOAOTHNX 3HAYEHb. 30iAbLLEHHST BAry naLieHTa HQ 20 % BUMQrQE Bis, KOXXHOIO 3 Ms13iB MQWXKe
MQKCUMQABHMX 3YCUAb, A MOAQAbLLE 30IAbLLIEHHST BAr NOTRPEBYE CUAM, LLO NEPEBULLYE MOXXAMBOCTI M s3a. [om
TSDKKOMY CTyreHi AMCrAQ3Ii KyAbLLOBOro cymo6a (3-41 mur 3a Crowe) M3 He B 3MO3i BIopaTUCS 3 POOOTOK 3i
36epEeXXEHHST TOPU3OHTAABHOI PIBHOBArM Ta3A. lauieHTV 3MyLLIEH ByAYTb KOPUCTYBATUCS AOAQTKOBOK OMOPOK
a60 3aCTOCOBYBATH MPOUCTOCYBAALHI MEXAHI3MU AAST TOAETLLIEHHST MepeCyBAHHS. BACHOBKN. PO3006AeHa HaMM
MQTEMATUYHO MOAEAL POBOTH M SI3iB TA30BOIrO MOsSICA MU AUCIAQSIT KYABLLIOBOrO CYmoba BiAOBPAXKQE KAIHIYHI
MpPOSIBU ANCIAQCTUHHOIO KOKCAPTPO3Y TA AO3BOASIE BUBHATH OCOBAMBOCTI POBOTH M '513iB TA30BOro rosica A0 TQ
MiCAs €HAOMPOTE3YBAHHST AUCTIAQCTUYHOIO KYAbLLIOBOrO CYIno6ad. 3MiHQ reoMeTpuyYHm1X NapamMeTpiB KyAbLLIOBOIO
Cymoba rnpm3BoANTb AO MOPYLLEHHST QYHKLT M S13iB TA30BOIO MosICA TQ SMEHLLYE ePEKTUBHICTb POOOTV QBAYKLIN-
HOro MexaHiamy. HanbGIAbLL 3HQYYLLMY HETQTUBHWW BIIAMB HQ POBOOTY M’SI3iB TA30BOrO MosiCQ MQKOTh r€OMETPUYHI
3MIHW KYAbLLIOBOIO CYmo6Q, siki 3GIAbLLYIOTE MOMEHT CUAM TPABITALIT T SMEHLLYIOTb MOMEHT CUAM M 'S13iB-QBAYK-
TOPIB. KOpeKujis 3a3HaYeHUX NapameTpiB rnpu eHAOMPOTE3YBAHHI KYAbLLOBOIO CYmo6Q nokpaLlye 6ioMexaHIiyHi
YMOBU POBOTM M SI13iB TA30BOIrO MosICA | MIABULLYE epeKTUBHICT QBAYKLIMHOro MexaHiamy. OTpuMAHi pe3yAbLTaTi
MOKQ3AAU, SIKUM YYHOM ANCIIAQCTUYHI 3MIHW KYAbLLIOBOIO CYmo6Q HeratvBHO BINAVBAKOTL HQ POBOTY M 513iB TA30BO-
o fosica, AOBEAU, LLLO HAUBAXKAUBILLIMMIK GAKTOPAMM ePeKTUBHOI POOOTM QBAYKLUIMHOIO MEXQaHI3My € CUAQ M '53iB
TQ BAra nauieHTa. | came ui ¢akTopu MQroTb KPUTUYHV BIIAMB HQ POBOTY M 513iB TA30BOIO MosICA LWOAO 36epeiXeH-
HST rOPU3OHTAABHOI PIBHOBATM TA3Q.
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Bctyn

JucrtacTUYHUR KOKCapTpo3 Y AOPOCIUX Malli€HTiB
XapaKTepU3yeThbCs LIJIOI0 HU3KOW ocobsuBocTeii. Ha-
camrepes 1le 3MiHa TEOMETPUUHUX IapaMeTpiB, Tpo-
KCUMAaJbHOTO BiJUIily CTETHOBOI KiCTKM, BEpPTJIOXHOI
3aMaMHU Ta iX CHiBBiIHOIIEHb. 30KpemMa, y Malli€eHTiB
i3 Ii€10 TTaTOJIOTI€I0 YACTO CIIOCTEPITAETHCS 30ibIIICHHSI
muiikoBo-giadizaproro kyta (IIJIK) cTerHoBoi KicTKH,
3MiHIOETHCS (hopMa BePTIIOXKHOI 3amaauHu, il ITMOuHa,
TOBIIMHA ii AHA, CHiBBIAHOLIEHHS IPOKCUMAIbHOIO Bill-
NIy CTETHOBOI KiCTKM Ta BePTIIOXKHOI 3anmanuHu [1—4],
TOOTO MOPYIIYETHCS KOHIPYEHTHICTh CYIrJIO0OBMX IO-
BEPXOHb.

[Ipyr 3MiHEHHi reoMeTpUYHMUX MapaMeTPiB KYJbIIO-
BOTO Cyrjio0a 3MiHIOIOTbCS KYTU MPUKPITUIEHHS M’SI3iB
Ta TJIevi iX Cuj, 110 OOYMOBJIIOE OCOOJMBOCTI POOOTH
M’S13iB Ta30BOTO IT0osica. 30KpeMa, 3MiHa KyTa IIPUKpi-
IUJIEHHS M’s13a 200 KyTa MoTo Iii pa3oM i3 BKOPOUESHHSIM
rjieya CUJIM M’si3a TIPU3BOJASATH A0 3MEHIIEHHS MOMEH-
Ty CHWJIM, 1110 3HUXYE ePEeKTUBHICTD iioro podootu. Kpim
TOTO, caMi M’SI31 B 1OPOCMX MAalli€HTIB i3 AUCILIACTUY-
HUM KOKCapTPO30M il Yac MPOTPecyBaHHS 3aXBOPIO-
BaHHSI PO3BMBAIOTHCS iHAKIIE, HiXK Y HOPMaJIbHUX yMO-
Bax, TOMY IX CKOpOYyBajJbHa aKTHUBHICTh i aOCOJIFOTHA
cuia HUXKYi. PO3BUTOK B LIMX yMOBax 3ruHaJbHO-TIPU-
BiZITHOI KOHTPaKTypu 3 M’SI30BUM IMCOaTaHCOM i Mopy-
IIEHHSM PYXiB Y KYJbIIIOBOMY CYTIJI00i TAKOX HETATUBHO
BIJIMBAE HA poOOTY M’SI30BOTO armapara Ta30BOro Iosica
[5], 3mMeHIIyI0OUN e(PEeKTUBHICTL poOOTHU aA0AYKIUiAHOTO
MeXaHi3My.

Kiiniune gocaigkeHHs1 poOOTH M’sI3iB Ta30BOTr0 MO-
sgca Ma€ TMeBHI oOMexeHHs [6] i He MO3BOJISIE TTOBHO-
IIIHHO BUBYMTHU, K poOOTa M’s3iB 3aJIeXKUTh BiJl TeO-
METPUYHUX TapaMeTpiB KYJbIIOBOro cyrioba, Tomy
MOJIEIIOBaHHS pOOOTH M’s3iB Ta30BOTO Mosica 0yJ10 00-
paHO HaMHU SIK iHCTPYMEHT JJisi BUBUEHHSI €(DEKTUBHOT
po6oTH abAyKIIiMHOro armapaTra KyJbIIOBOIO CYrjo0a.
B ocHOBY p03p0o0KHU TaKO1 MOIEIi MOK/IAaAeHO IMIPUHIIUIT
TOPU30HTAJbHOI piBHOBAaru Ta3a IIpU OJHOOIIOPHO-
MY CTOSIHHi, TOOTO M’sI3M-a0ayKTOpU CTerHa MOBUHHI
NPOTUIIATH Basi MmalieHTa (CUJi rpasiTauii), yTpumMy-
[0YM Ta3 TOPU3OHTAJIbHO HE MEHUI HiX i3 TBOKPATHUM
3anacoM MiltHocTi. Lle Tak 3BaHa poboTa abayKuiiHOTO
MexaHi3My, e()eKTUBHICTb SIKOI KJIIHIYHO MU OLIiIHIOEMO
3a HasIBHOCTI KyJbraBoCTi Npu Xoab0i, o3Hak TpeHje-
JnieHOyra ta [douieHa, BUKOPUCTaHHS JOAATKOBUX OTIOP
TOIIIO.

MeTta po0O0OTH — OOGIpyHTYBaHHs Ta IO0YI0Ba MaTeMa-
TUYHOI MOZEIi poOOTH M’SI3iB Ta30BOIO Iosica IMPU JUC-
TUIAaCTUYHOMY KOKCapTpO3i.

MaTepiaAn Ta MeToAmn

B ocHOBY Oyn0BM Mojiesi poO60OTH M’SI3iB Ta30BOTO IO~
sca IpU AUCIUIACTUYHOMY KOKCapTpo3i OyJIo IoKiIane-
HO 0a30By (hi3uuHy MOJeJib Ta3a Ta HUXKHbBOI KiHIIiBKH,
po3pobieHy B ymabopatopii 6iomexaHiku I'Y «lHCcTUTYT
naToJiorii xpebra Ta cyriaobiB iM. mpod. M.I. Curten-
ka HAMH Ykpainu», Ha OCHOBIi $IKOi CTBOpPEHO ILIac-
Ky rpadiuny moaensb [7], 10 sIKOi OyJu BHECEHi CYTTEBI

PucyHok 1. IpagiyHe 306pa>keHHs mogzeni Kysib-
woBoro cyrnob6a 3 Nno3Ha4YeHHsIM M’s13iB — cTabini-
3artopiB Taza. BekTopamu no3Ha4dyeHi cuim ta KyTu
HanpsMky gii m’asis: F, — m. piriformis; F, — rpy-
na m’a3ie: m. gluteus medius, m. gluteus minimus,
m. tensor fasciae latae; F, — m. iliopsoas; F, —
m. sartorius; F,— m. rectus femoris; F,— m. gluteus
maximus; F, — m. gracilis; F;, — m. pectineus; F, —
m. add. longus; F,, — m. add. brevis; F,, — m. add.
magnus; P — Bara Tina

IOTIOBHEHHS Ta 3MiHM. 30KpeMa, Oyau 3MiHEHi reome-
TPpUYHI MapaMeTpu KYJIbIIOBOTO cCyrjioba (30iiblIeHo
IIAK cTerHoBoi KiCTKM, MOTOBILEHO JHO BEPTIIOTOBOL
3aIlauHM, 3MiHEHO ITOJIOXKEHHS 1LIleHTpa o0epTaHHs To-
JIOBKM CTETHOBOI KiCTKH), 110 TIPU3BEJIO 10 3MiHU KYTiB
MPUKPITJIEHHST M’$513iB TA30BOTO TMOsICa Ta MOMEHTIB CUJ
Ta iHIMX 3MiH. 3MiHY mapaMeTpiB KyJbIIOBOIO Cyrioda
BUKOHYBAaJIM 3TiIHO 3 JTaHUMMU TIPOBEIEHOI paHillle peHT-
reHoMeTpii 49 KyJIbIIIOBUX CYTI00iB JOPOCIUX Malli€HTIB
i3 IUCTIIAaCTUYHUM KOKCapTpo30oM (i3 AUCIIIA3i€l0 KYJib-
moBoro cyrioba I-IIT crymens 3a Crowe, 1979 [8]).
KpiM Toro, mo momeni momaHO MPUBIAHI M’SI3U Ta 3MO-
NeJIbOBaHa 3rUMHANIBHO-TIPUBiIHA KOHTPAKTYpa KYJIbIIO-
BOTroO cyrjoba.

I'padhiuna Momesb KyJbLIOBOTO Cyrjoba 3 MO3HayeH-
HSIM M’S13iB — CTa0iIi3aToOpiB Ta3a Ta CXeMM iX il moaaHi
Ha puc. 1.
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PucyHok 2. Po3paxyHkoBa cxeMa MoAesli po6oTu M’a3iB i3 BKIIOYEHHSIM M’S13iB-aaayKTopiB cTerHa

Ha ocHoBi maHoi rpadiuHoi Momeni moOynoBaHa
po3paxyHKoOBa cxemMa poOOTH M’SI3iB y BUIJISIII Baxe-
JIsk mepiioro poay (puc. 2), 110 Binpi3HSIETbCS Bim Oa-
30BOi PO3paXyHKOBOI CXeMM TMOKa3HWKaAMU BEJIUYUHU
rmjiedya CHJIM Ta KyTOM TPUKPITJIEHHS KOXHOTO M’s3a,
XapaKTepHUMU IS OUCILIa3ii KyJIbIIOBOro Cyrioba, a
TaKOX BKJIFOYA€E M’SI3U MPUBIAHOI TPpyIu cTerHa. Ik i B
0a30Biit Mofei, IS KOKHOTO 3 M’s13iB 0yJI0O BU3HAUEHO
rmapaMeTpu MOoro pobOTH Ta OTO BHECOK Y 30epekeH-
HST TOPU30HTAJIbHOT PiBHOBAru Tasa, CKJIaJeHO PiBHSIH-
Hs piBHOBarm MOMEHTIB CHJI M’SI3iB Ta30BOrO IT0sICa Ta
IpoaHalli3oBaHO POOOTY BCiX M’s3iB Ta30BOro Imosca,
3a3HAYCHUX y MOJIEJTi.

Cama MaTtemMaTWYHa MOIEIb SIBJIIE COOOI0 PiBHSIHHS
piBHOBarm MOMEHTIB M’SI30BHUX CWJI — TOPU30HTAIbHUX
crabinizaTopiB Taza.

>M=0. oY)

PiBHsSIHHST piBHOBarm MOMEHTIB CWJI JIJIsS HAIIOl po3pa-
XYHKOBOI CXeMU Oy/ie MaTu BUTJISII:

M(P) — M(F,) — M(F,) — M(F,) — M(F,) —
— M(F) — M(F,) + M(F,) + M(F,) + M(F)) +
+ M(F,) + M(F,)) =0, 2
abo
aP — dF, cos o — cF, cos p — dF, cosy — bF, cos p —
—dF, cos ¢ — cF cos 0 + gF, cose + gk cosn + hF cos A +
+hF cosu +gF, cosé =0, 3)

abo

aP =bF, cosa +cF, cos f +eF, cosy +bF, cosp +
+dF, cos ¢ +cF, cos 0 — gF, cos e — gF, cos n —
— hF, cos A — hF,, cos u — gF,, cosé, 4)

ne OykBamu a, b, ¢, d, e, g, h TI0O3HAYEHO BEJIMUUHY TIeUa
CWJIM BiMOBiIHOTO M’si3a, a ., B, v, ¢, ¢, 0, €, M, A, 1, 6 —
KYT Jii CWJIX BiAIIOBiIHOIO M’s13a.

XapakTepuCTUKU pOOOTU M’SI3iB B3STi 3 JIiTepaTypHUX
naHux [11] Ta oTpuMaHi NUISIXOM OPSIMUX BUMipiB Ha i-
3UYHill Mozeni (Taba. 1).

PesyAbTaTi

[TincTaBisitouM 3HAaUYEHHS Baru Tijla Mali€eHTa, BEIUYUH
rieya CUJj Ta KyTiB 1ii M’sI3iB i3 Tabs. 1 B piBHSIHHSA (4),
OTPUMYEMO:

0,07P=0,04F, cos 70° + 0,03 F, cos 30" +
+0,01F, cos 20° + 0,04F, cos 20° + 0,02 F; cos 5° +
+0,03F, cos 10° — 0,03 F; cos 80° — 0,03 F, cos 5° —

— 0,05F, cos 55° — 0,05F,, cos 50° — 0,03 F cos 85°,

abo
0,07P=0,038F, +0,015F, +0,003F, +0,014F, +
+0,02F, +0,05F, —0,03F, —0,003F, — 0,041 F, —
—0,038F,—0,03F,,.
Takum yHOM, MU OTPUMYEMO ITOKa3HUKM CHUJI, HEOO-

XiTHUX JUTST 30€peKeHHsI TOpPU30HTAIbHOI piBHOBAru Ta3a B
HopwMi (Tadr. 2).

6 TpaBMma, ISSN 1608-1706 (print), ISSN 2307-1397 (online)
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Tabsmuys 1
c 5 MakcumanbHa JUTERD Kyt aii SENLHETT
wna M’a3 cuna, H cu::u, ot :(g;:,-
F, Piriformis 296 0,04 a 70
Gluteus medius 1363
F, Gluteus minimus 585 21083 0,03 b 30
Tensor fascia lelatae 155
F, lliopsoas 800 0,01 v 20
F, Sartorius 104 0,04 0 20
F Rectus femoris 260 0,02 (0] 5
Fy Gluteus maximus (nepegHsa nopuis) 648 0,03 0 10
F, Gracilis -110 0,03 g 80
Fy Pectineus -175 0,03 n 5
Fy Add. longus -420 0,05 by 55
Fio Add. brevis -285 0,05 R 50
Fi Add. magnus -1100 0,03 5 85
P Bara Tina 700-1200 0,07 - 0

Tabnuus 2. Benn4nHu cusl, HeoobxigHux Ans 3abe3ne4yeHHs ropu30HTasIbHOT piBHOBaru rasa B HOPMi,
i MakcumanbHi (a6CONOTHI) 3HAYEHHS cun

Cuna m’asie, H
M’asn
Mpyna M“an)f :::a npwu Ba3i nauieHTta (P), kr
e Hasea 80 100 120
AbpoykTopu F, Piriformis 296 174 218 261
Gluteus medius
F, Gluteus minimus 2105 1239 1548 1858
Tensor fasciae latae
F, lliopsoas 800 471 588 706
F, Sartorius 104 61 76 92
F Rectus femoris 779 458 573 688
F, Gluteus maximus 1296 763 953 1144
ApnykTopu F, Gracilis -110 -65 -81 -97
Fy Pectineus -175 -103 -129 -154
Fy Add. longus -420 247 -309 =371
F Add. brevis -285 -168 -210 -252
F, Add. magnus -1100 -647 -809 -971
Moka3HMK cunu BiAHOCHO Max 3Ha4eHHsa, % 58,8 73,6 88,3
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PucyHok 3. fliarpama BenuynH cu, WO NOBUHHI PO3BUHYTU M’SI3U Ta30BOro rnosica
npuv HoOpMasibHUX CUJI0BUX Ta reOMeTPUYHUX MOKa3HUKaX 3aJ1eXKHO Bif Barv Tina

Sk 6aummo 3 JaHMUX TaOJaMIli, KOXEH i3 M’43iB, 1110 3a-
0e3reuyloTh TOPU30HTAJIbHY piBHOBAry Tasa, y HOPMi
(npu Basi maiieHTa 80 Kr) po3BUBa€E CUITy, 110 CTAHOBUTH
OJIM3BKO TTOJIOBUHM CBOEI MaKCUMaJIbHO MOXJIMBOI CUJIH,
TOOTO BCi M’SI3M MPALIOIOTh SIK MiHIMyM i3 TBOPa30BUM 3a-
acoOM MIITHOCTI. A SIKIIIO B3SITM IO yBaru CHMHEPTi3M po-
00TU M’sI3iB-a0ayKTOpPiB (IMiABUILEHHS TOEAHAHOI CUJU
M’sI3iB-arOHICTIB i Yac pyxy), TO MOXHa TOBOPUTH, 110
3arrac MilIHOCTi poOOTH M’SI3iB y HOPMi CTAHOBUTDH HE MEH-
1re 3—4 pa3sis.

HarowmicTb 30ibleHHs Baru nauienta Ha 20—25 % (mo
100 xr i GiybllIe) TOMITHO TOTipIIYE €(DEKTUBHICTh POOO-
™M M’s13iB. BoHu 3myiireHi 3amistu oHan 70—80 % cBoei
a0COJIIOTHOI CUJIY, IO Pi3KO 3HUXKYE 1X BUTPUBAIICTH Ta
e(eKTUBHICTb pOOOTH.

SIX mpuKiIan HAaBOIMMO JliarpaMy BEJIMYMH CUJIU M SI13iB
Ta30BOro Iosica, HEOOXiMHOI IsT 30€epekeHHSI TOPU30H-
TaJbHOI piBHOBaru Tasa (puc. 3).

Ha piarpami 4iTko Bi3yasizyeThbcs, 1110 HEOOXigHa ISt
TOPU30HTAIBHOI PiBHOBATrM Ta3a CUjia KOXXHOTO 3 aHaTi30-
BaHMX M’SI3iB (Ipyruil CTOBIELb) MEHIIA 3a i aOCOMIOTHI
3Ha4YeHHs (MepIIMii CTOBIEIb) Maiixke BABiUi. Ajie 30i1b-
LIeHHs1 Bary mnauieHTa Ha 20 % i Ginblie (TpeTiii Ta 4yer-
BEPTUIl CTOBIILI) BUMAra€ BiJl KOXHOTO 3 M’s13iB 3yCUJIb Y
70—80 % Bin itoro MaKCMMaIbHUX MOKJIMBOCTEH.

B ymoBax TpuBajoro (pyHKIIOHYBaHHSI AUCILIACTHAY-
HOTO KYJIBIIIOBOTO CYIJIo0a BUHUKAE SIK IIiJla HU3Ka 3MiH
reOMETPUYHMX ITapaMeTpiB BEPTIIOXKHOI 3aNaIMHU Ta TIPO-
KCUMaJIbHOTO BifIJliJTy CTETHOBOI KiCTKH, TaK i MOPYIICHHS
B po0OTi M’s13iB TA30BOTO MOSICA.
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PucyHok 4. Qiarpama Benn4uH cwi, L0 NOBUHHI PO3BUHYTU M’SI3U Ta30BOrO Mosica
npu 1-my Tuni gucnnagsii kynsLwosoro cyrnoba 3a Crowe
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PucyHok 5. Qiarpama Benn4uH cui, L0 NOBUHHI PO3BUHYTU M’SI3U Ta30BOrO MNosica
npu 3-my Tuni agucnnasii KysnbLwoBoro cyrioba 3a Crowe

ToMy MU mifcTaBWIM B piBHSAHHS (4) KOHKPETHi 3Ha-
YEHHsI 3MiHEHUX TeOMETPUYHUX MapaMeTpPiB KYJIbIIOBOTO
cyrnoba, XapakTepHMX JJIsl TUCIIJIACTUYHOIO Cyrioba, Ta
3aHMKEHI MTOKa3HUKK aOCOJTIOTHOI CUJIM M’SI3iB, 1110 XapaK-
TEPHO ISl IUCTUIACTUYHOTO Tpoliecy. TakuMu 3MiHEeHUMU
napametpamu Oynu: K cTerHoBOi KiCTKHU, TOBIIMHA
ITHA BEePTJIIOXKHOI 3allafiHU, JaTepatisalis eHTpa odep-
TaHHS TOJIOBKM CTETHOBOI KiCTKH, BeJTMUMHA ITPUBEICHHS
crerHa. TakuM YMHOM, HaM BIAJOCS BU3HAYWTH BILIWB
KOHKPETHMX 3MiHEHUX MOKA3HUKIB KYJIbIIOBOIO Cyrjioba
Ha poOOTy M’sI3iB Ta30BOIO IOsICa.

151 TIOpiBHSIHHS HABOIMMO JiarpaMM 3YCUJIb M’SI3iB
npu 1-my Ta 3-My TUMi AUCIUIA3il TA30CTETHOBOTO CYTJI00a
3a Crowe (puc. 4, 5).

SIK BUIHO 3 HaBeIEHOI JiarpaMu, IIpU JIESTKOMY CTyIIe-
Hi nucnnasii (1-i Tunm 3a Crowe) KOXeH 3 aHai30BaHUX
M’sI3iB (OpyTuii CTOBIELb) PO3BUBAE CUITy, Ha TPETUHY
MeHIIe ii abCOMIOTHUX 3Ha4YeHb (MIEePIInii CTOBIIEIb). 3a
YMOB M’SI30BOTO CUHEPTi3MY 1€ MOXKHAa BBaXKaTH 3ad0BiIb-
HOIO (yHKIIi€I0 M’s13iB. AJle 30i/lbIIIEHHS] Bary naiieHTa
Ha 20 % (TpeTiii CTOBICIIb) BUMArae Bil KOXHOTO 3 M’sI13iB
Maiike MaKCUMaJIbHUX 3YCWJIb. A Tojajibliie 30i1bIlIeHHSs
Baru (Y4eTBEpPTUIl CTOBIIELb) MOTPeOYE 3yCUJIb, IO Tepe-
BUIIYIOTb MOXJIMBOCTI M’si3a. ToOTO Bara mallieHTa Mae
BaXXJIMBUI HETaTUBHUI BIUIMB Ha POOOTY M’SI3iB — TOpU-
30HTAJILHUX CTa01J1i3aTOPIB Ta3a.

OtpuMaHi IaHi ITOKa3yIOTh, IO MPU TSKKOMY CTYIICHI
MUCIUIA3ii KyJbIIoBoro cyriaoba (3-ii tum 3a Crowe) M’s13u
HE B 3M03i BHOpaTUCs 3 pOOOTOIO 3i 30epeKeHHSI TOPU30H -
TaJbHOI piBHOBaru Taza. OTXe, O3HaKU M’sSI30BOI HEIO-
CTaTHOCTI y BUIJISII KYJbraBOCTi, pO3roiiayBaHHs TyJ1y0a,
HaxXWIiB Ta3y Mpy X0Ab0i MAaTUMYTh NOCTiliHi IposiBU. [1a-
LIIEHTHU 3MYyLIEHI OyIyTh KOPUCTYBATUCS TOAATKOBOIO OTIO-
poro abo 3aCTOCOBYBATH MPUCTOCYBaJIbHI MeXaHi3MU I
MOJIETIIIEHHSI TIepeCcyBaHHS, TOMY 110 Bifl M’513iB BUMaraTu-
MYTbCS 3yCUILIS, 1110 TIEPEBUILLYIOTh iX MOXJIMBOCTI.

O6roeopeHHs

TakuM 4MHOM, BUKOPUCTOBYIOUM PO3pOOJIEHY HAMU
MoJiesib poOOTH M’sI3iB 31 30epekeHHsI TOPU30HTATbHOT
piBHOBaru tasa, Mu OLIiHWJIU e(PeKTUBHICTb pOOOTH a0-
NYKIIHHOTO MeXaHi3My B HOPMi, TOTIiM, TiCJisi BHECEH-
Hs 3MiH, XapaKTepHUX [JIsI TUCTIJIACTUYHOTO YpaXKeH-
Hsl KyJIBIIOBOTO CyTjio0a, MU TIPOMOJEIOBAIM BHECOK
KOXHOI IMaTOJIOTiYHOI 3MiHM B IMMOPYIIeHHS poOOTH a0-
IYKIiAHOTO MeXaHi3My. BUKOpPHUCTOBYIOUM CYKyITHIiCTh
yCiX MaTOJIOTiYHMX 3MiH, MM CTBOPWJIM MaTeMaTUYHi
MOJeJi ITUCIUIACTUYHOr0 KOKCapTpo3y 3 Pi3HUM CTY-
MeHEeM BUPAXEHOCTi 3MiH, Ki MM YMOBHO BU3HAYUJIU
SIK JIeTKi, CepemHi Ta TSXKKi AUCTIACTUYHI 3MIHU KYJIb-
moBoro cyriob6a (1—3-i Tunu 3a Crowe). AHanizyrouu
OTpMMaHi B pe3yJibTaTi MOJEJIIOBAaHHS IaHi PO poOOTy
M’S13iB JUCILUIACTUYHOTO KYJIBIIIOBOTO CyTji0o0a, ¢ 3a-
3HAYUTHU, 110 MMOOyJOBaHA MaTeMaTWYHa MOJENb Bifi-
MOBifla€ MOCTaBJeHUM 3aBAAaHHSIM, BapiaHTU Mojejei
1—3-ro tumiB 3a Crowe y3romXyIOTbCS 3 KIiHIYHOIO
KapTUHOIO OMCIUIAa3ii KyJbIIOBOrO Cyrioba pi3HOTO
CTYIEHSI B 1OPOCIUX XBOPUX i MOXYTh OYTU BUKOpPUC-
TaHi IJ15 TOJaJbIIoi poOOTH.

MartemMaTUYHEe MOIETIOBAaHHS POOOTH M’SI3iB Ta30BOIO
mosica B YMOBax AMCILIA3il KYJIbIIOBOTO CyTiI00a mokasao,
10:

— 30inbenHs HIJIK crerHoBoi KicTKM HeTaTUBHO, aJie
He KpUTUYIHO BIUIMBA€E Ha e(heKTUBHICTh POOOTH M SI3iB Ta-
30BOT0 T0sICa, TAKOX MOMIpHUI HEraTUBHUI BJIMB CIIPaB-
JISIE 3TMHAJIbHO-MPUBIHA KOHTPAKTypa KYJbLIOBOTO Cy-
I71004;

— IOTOBILUEHHS JHA BEPTJIIOXKHOI 3aMafuHU 10 5 MM He
CITpaBJIsIE BUPAXKEHOTO BIUIMBY Ha pOOOTY M’SI13iB Ta30BOTO
rnosica, MpoTe Mofabliie 30iIbIIIEHHS] TOBIIMHU JHA BEpPT-
JIFOXKHOT 3aITailiHU Pi3KO TOTipIIye YMOBU POOOTH M’ SI13iB-
abIyKTOPiB Ta Pi3KO 3HMKYE e(DEKTUBHICTh POOOTU a0IyK-
LilfHOTO MeXaHi3MYy;
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— JlaTepasisallis lieHTpa 00epTaHHS IOJIOBKU CTETHO-
BO1 KiCTKM Ma€ HaOaraTo OiIbIIMI HEraTUBHUUN BIUIMB
Ha po0OTy M’si3iB, HiX IMOTOBIIEHHS JHA BEPTJIOXHOI
3anaiMHu, Xxo4ya obuaBa 1i (akTopyd MalTh aHaJIOTiv-
HUI MexaHi3M BIUIUMBY. | MOTOBLIEHHS 1HA BEPTIIOXKHOI
3anavuHu, i JaTepaisailis HeHTpa 00epTaHHS TOJOBKU
CTETHOBOI KiCTKM 301UIBbIIYIOTH IJIeYe CHJIM TpaBiTallii.
Ane XyTH mOii cus M’s13iB-a0ayKTOpiB IIpy JaTepaizalii
LeHTpa 00epTaHHS TOJOBKM CTEIrHOBOI KiCTKMU 3MiHIO-
IOTbCSI OLIBIIOI MipoO0, i 3A€0iMbIIOTO 3MEHIIYIOThCS
MJiedi cujl M’s3iB rpynu abayKTopiB cTerHa. Llum i mosic-
HIOETHCS TaKa IMOMiTHA BiIMiHHICTh y BIUIMBI LIUX (ak-
TOPiB HAa POOOTY aOMYKIIHHOIO MEeXaHi3My KyJbLUIOBOTO
CcyrJjio0a;

— Maca TiJia Tali€eHTa Ma€ ayXe BaroMuii HeraTUBHUI
BIUIMB Ha POOOTY a0AyKIIiHHOTO MeXaHi3My.

OCHOBHI 3aBIaHHSI TaHOTO JOCTIIKEHHS: TOKa3aTu
BIUIMB OKPEMUX T€OMETPUYHUX IMapaMeTpiB KYJIbIIIOBOTO
cyrinoba Ha (yHKIII0 M’$13iB Ta30BOIO IOsica; ITOKAa3aTu,
SIKMM YMHOM i 32 paXyHOK YOTO IOTipIIyEThCs podboTa ab-
IYKIIHOTO MeXaHi3My KyJIbIIOBOIO Cyrjio0a mpu IUcIuia-
3ii; BUSIBUTU MIPUXOBaHi pe3epBU ISl TOKPAIEHHSI pOOOTH
M’s13iB — cTabiizaTopiB KyiblioBoro cyrioba. [TpoBeneHi
HaMU JOCTiKEHHs POJeMOHCTPYBaIu, 1110 OCHOBHI Ta-
paMeTpH KyJIbIIIOBOTO CYIJ100a, 1110 BU3HAYAIOTh BEJTUUMHY
rieya cuiiu abayKTOpiB CTerHa, MOLIBHO PO3IJISIAaTh K
OioMexaHiuHi KpuTepil e(peKTUBHOCTI pOOOTH M’ SI3iB KYJIb-
IIIOBOTO CyIjI00a, a 0ioMeXaHiuHi pillleHHS B CTpaTeTii ore-
PaTUBHOTIO JIiKyBaHHSI KOKCApTPO3y BiMirpaioTh KIIIOUYOBY
poJb y 3abe3leuyeHHi HOpMaJbHOI poOOTU €HIOIpoTe3a
KYJIbLIOBOTO cyriioba [12].

Oco01uBe 3HAYeHHs 1€ Ma€ MpU JUCIIACTUYHOMY
KOKCapTpo3i, TOMy IO caMe MUCILIa3isl KyJbIIIOBOTO
cyrioba BUWKJIMKAE IIUIMII KacKal B3aEMOITOB’SI3aHUX
OioMeXaHIYHUX MOpPYIIeHb, 110 HE TiJIbKM BIUIMBAIOTH
Ha TeOMEeTPUYHI mapaMeTpu cyrjiioda, aje i mopyuyoTb
po06oTy M’SI3iB.

EHponpoTte3yBaHHS KyJIBILIOBOTO CYIJIo0a MpakTUYHO
3aBXIU YCyBa€ OUIBIIICTh HASIBHUX T€OMETPUYHUX IIPO-
TUPIY MK MPOKCUMAJIbHUM BiJIiJIOM CTETHOBOI KiCTKM Ta
BEPTJIIOXKHOIO 3aMaANHOI0, a SKIIO i 3aMIIAI0ThCS SKiCh
3aJIMILIKOBI HEBIIMOBIAHOCTi, TO BOHU KOMITEHCYIOTHCS TTif
Yac X001 3aBIsSKN podoTi M’s13iB [13].

Ane, Ha Xajb, BITHOBUTHM TIPaBWIbHY OioMeXaHiKy
IITYYHOTO Cyryioba He 3aBXIu BHaeTbes [13], Tomy 110
JIy’>kKe CKJIaJHO BpaxyBaTU MpPU TUIAHYBaHHI Ta BUKOHAHHI
orepallii eHIonpoTe3yBaHHs BCi chOpMOBaHi 3a 9ac XBO-
poOM KOMIIEHCATOPHI Ta aJanTalliiiHi peakilii i cTepeoTn-
MU PYXiB, SIKi OyAyTh YaCTKOBO 3pyiiHOBaHi. HoBi X pyxoBi
cTparerii MOBUHHI OyTU BUPOOJIEHI 3 ypaxyBaHHSIM HOBUX
YMOB po0OTH M’SI3iB, 1110 3MiHUJIMCSI.

BUCHOBKMU

1. Po3pobieHa HamMu MareMaTWUYHa MOJElb pPOOOTU
M’S13iB Ta30BOTO TOsICa TIPU JAMCILIA3i1 KyJbIIOBOTO CYTJIO-
0a BimoOpaka€e KIIiHIYHI IIPOSBU JUCILIACTUYHOTO KOKCap-
TpO3y Ta IO3BOJISIE BUBYATA OCOOJIMBOCTI pOOOTU M’SI3iB
Ta30BOTO I0sICa JI0 Ta IMic/sT eHIOTPOTe3yBaHHS TUCTLIAC-
TUYHOTO KYJIBIIIOBOTO CYI100a.

2. 3MiHa TeOMETPUYHUX TMapaMeTpiB KyJbIIOBOTO CY-
ryio6a MpU3BOJIUTh 10 MOPYLIEHHS (DYHKIIii M’s13iB Ta30-
BOTrO IT0Osica Ta 3MEHIIYe e(peKTUBHICTh poOOTU abmyK-
LmiliHoro MexaHi3My. HaiiGinbin 3HaYMMMWII HeTaTUBHUI
BIUTMB Ha poOOTY M’sI3iB Ta30BOTO IMOsica CIIPaBJSIIOTh Ie-
OMETPUYHI 3MiHU KYJIBIIOBOTO CYIJIo0a, SIKi 30iIbIIyIOTh
MOMEHT CHUJIM TpaBiTallii Ta 3MEHIIYIOTb MOMEHT CUJIU
M’s13iB-a0aykTopiB (30inbienHst LK crerHosoi xict-
KW, 3TMHAJIbHO-TIPUBIAHA KOHTPAKTypa, IOTOBIIEHHS
JIHA BEPTJIIOXKHOI 3allafiuHU Oifbllie 5 MM, JaTepaizallis
LIeHTpa 00epTaHHs TOJIOBKM CTETHOBOI KiCTKU Ta 30i/1b-
ILIEHHST BaTy Mali€eHTa).

3. Kopekllist 3a3HaYeHUX MapaMeTpiB MpU €HIO0MPOTE-
3yBaHHI KYJIBIIOBOTO Cyrjo0a ITOKpallye OioMexaHiuyHi
YMOBH POOOTH M’SI3iB Ta30BOTO Mosica i mimBUIIye eheK-
TUBHICTh a0MyKIIIITHOTO MEXaHi3My.

4. OTpuMaHi pe3yabTaTu ITOKa3aan, SKUM YMHOM JIHC-
IUIACTUYHI 3MiHM KYJIBIIOBOIO CYIJIo0a HEraTUBHO BILIM-
BalOTh Ha POOOTY M’SI3iB Ta30BOTO II0sica, Ta JAOBEJIH, IO
HalBaxXIUBIIMMU (akTopaMu e(heKTUBHOI poOOTU ao-
NYKIIHHOTO MeXaHi3My € cuja M’s3iB Ta Bara mnallieHTa.
[ came 11i hakTOpPM CIIPABIISIIOTh 3HAYHUI BIJIMUB Ha POOOTY
M’$13iB Ta30BOTO I0sICa 11010 30epeKeHHSI TOPU3OHTAIBHOT
piBHOBaru tasa.

KoHdJikT iHTepeciB. ABTopu 3asBISIOTH PO BiICYT-
HICTh KOH(JIIKTY iHTepeciB Ta BJIacHOI (piHAHCOBOI 3alli-
KaBJICHOCTI IIpM MiATOTOBLIi JaHOI CTATTi.
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Mathematical modeling as a tool for studying pelvic girdle muscle function
in dysplastic coxarthrosis

Abstract. Background. Dysplastic coxarthrosis in adult patients
is characterized by changes in geometric parameters, proximal fe-
mur, acetabulum and their ratios. When changing the geometric
parameters of the hip joint, the angles of muscles attachment and
their moment arms change too, which determines the peculiarities
of the pelvic girdle muscle functioning. The purpose of the work:
substantiation and construction of a mathematical model of pelvic
girdle muscles in dysplastic coxarthrosis. Materials and methods.
The basic physical model of the pelvis and lower extremity was
created to simulate the work of pelvic girdle muscles in dysplastic
coxarthrosis. A change in the hip joint parameters was performed
according to the data of previous radiography of 49 hip joints of
adult patients with dysplastic coxarthrosis. For each of the muscles,
the parameters of its work and its contribution into maintaining the
horizontal balance of the pelvis were determined, the equation of a
balance of moment arms of pelvic girdle muscles was compiled and
the work of all pelvic girdle muscles specified in the model was ana-
lyzed. Results. Each of the muscles that ensure the horizontal ba-
lance of the pelvis, normally (at a patient’s weight of 80 kg) develops
an effort that is about half of its maximum possible strength, i.e. all
muscles work with at least twice the margin of safety. Increasing the
patient’s weight by 20—25 % (up to 100 kg or more) significantly
impairs muscle performance. They are forced to use more than 70—
80 % of their absolute strength, which dramatically reduces their
endurance and efficiency. In mild dysplasia (Crowe type 1), each
of the analyzed muscles develops effort that is only a third less than

its absolute values. Increasing the patient’s weight by 20 % requires
almost maximum efforts from all muscles. And further weight gain
requires efforts that exceed the capabilities of the muscle. In se-
vere hip dysplasia (Crowe type 3), the muscles are unable to cope
with maintaining the horizontal balance of the pelvis. Patients will
be forced to use additional support or adaptive mechanisms to fa-
cilitate movement. Conclusions. The mathematical model of pelvic
girdle muscle in hip dysplasia developed by us reflects the clinical
manifestations of dysplastic coxarthrosis and allows studying the pe-
culiarities of pelvic girdle muscle function before and after arthro-
plasty of a dysplastic hip. Changing the geometric parameters of the
hip joint leads to dysfunction of the pelvic girdle muscles and reduces
the efficiency of the abduction mechanism. Geometric changes in
the hip joint have the most significant negative impact on the work of
the pelvic girdle muscles that increase the moment arm of gravity and
reduce the moment arm of the abductor muscles. Correction of these
parameters in hip arthroplasty improves the biomechanical condi-
tions of the pelvic girdle muscles and increases the efficiency of the
abduction mechanism. The results showed how dysplastic changes in
the hip joint negatively affect the work of the pelvic girdle muscles,
proved that the most important factors in the effective operation of
the abduction mechanism are muscle strength and weight of the pa-
tient. And it is these factors that have a critical impact on the work
of the pelvic girdle muscles in terms of maintaining the horizontal
balance of the pelvis.

Keywords: dysplastic coxarthrosis; pelvic girdle muscles; hip joint
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EKCnepuMeHTaAbHe AOCAIAXKEHHS
LLLIAbHOCTI KiCTKOBOI TKOHUHU
NP MOHOKOHAMUASPHIN APTPONAACTULL
KOAIHHOro cyrao6a 3a nonepeAHimm AaHnmm KT
TA iHTPOONepAaALuiNHOro ii BUSHAYEHHS

Pestome. AkTyanbHicTb. OAHUM 3 OCHOBHMX YCKAQAHEHb Mo MOHOKOHAUASIDHOMY €HAOMPOTE3YBAHHI KOAIH-
HOro cymoba € HecrtabiAbHICTb KOMMOHEHTIB eHAOMNpoTe3q. ov NAQHYBAHHI onepauii HeOBXiAHO BPQAXOBY-
BAQTY MIHEPAABHY LLIABHICTb KICTKOBOI TKAHWUHW AAST 3QMOGIFrQHHST HErQTUBHMM HACAIAKOM Y MICASIONEPALiMHO-
My repioAl, TAKUM sIK QCEeNTUYHUA TQ CENTUYHUMN MPOLECH B 30HI BCTAHOBAEHHST KOMIOHEHTA eHAOMpOoTe3q.
Mera. [lpoBeCTy MOPIBHSIAbHUM QHQAI3 PE3YABTATIB AOCAIAXKEHHST XQPAKTEPUCTUK LLIABHOCTI KICTKOBOI TKQ-
HUHW 30 AQHUMM KOMIT tOTEPHOI TOMOrpadii 1a 3arnpornoHOBAHOro npucTpor. Marepiaan ta meroaun. Arst
O3B SI3QHHSI MOCTABAEHOIO 3QBAQHHST OYAO MPOBEAEHE AOCAIAKEHHST LUIABHOCTI KICTKOBOI TKQHUHW AIASIH-
K OMUAY BEAMKOTOMIAKOBOI KICTKM 3Q AOMOMOIOK BUMIPKOBAABHOIO MPOUCTOOK. AAST MOPIBHSIHHST PE3YABLTQ-
TiB BUKOHYBAAM AOCAIAXKEHHS] LLIABHOCTI KICTKOBOI TKQHWHM B 30HI iHTEpECY BEAMKOrOMIAKOBOI KicTkn 3a KT-
306PAXKEHHSIMU KOAIHHOIO CYmo6a 3Q LLKAAOK OAMHULL [QYHCHIAAQ B 9 30HAX. AOCAIAXKYBAAM ABI FRYMN M0
10 xBopwx: | rpyna — nQUIEHTH, 'y SIKMX 3Q AQHUMUN AEHCUTOMETPII BYAQ BU3HQYEHQ ocTeorneHis (T-score Bia
-1,0 o0 -2,5), Il rpyna — 3a aAeHcuTomeTpieto T-score 6yB MEHLLUM Bis —2,5. P@3yAbTQTN. YCTQHOBAEHO, LLIO
MQKCUMQAAbHQ OMTUYHQA LLIABHICT KOPTUKQABHOIO LLIAPY Y XBOPUX | rpyriv cTaHOBUAQ 678 + 150 HU, Il rpyrn —
377 £ 93 HU, MOAYAb MNP Y>KHOCTI CTAHOBUB 1435 + 363 MIIQ, pi3HULSI BEAMYMHI Q6COPOBLIT KOPTUKAABHOIO LLIAPY
MDK rpyrnamy CTATUCTUYHO 3HaYyLa (t = 2,509, p = 0,046). Y LeHTPpAAbHWX 30HAX 1, 2 Ta 3 iHaekc abcopbuii
TKQHUHW BALLIMA Y XBOPUX | rpyrin. Ha Kparosmx 30HAx 4, 6, 7 1 8 piBeHb Q6CopbLji KICTKOBOI TKAHWHMN Y rpyrnax
XBOPUX MPAKTUYHO OAHAKOBUN. MOAYAL MPYXXHOCTI ry64QCTOl TKAHWHM BEAUMKOTOMIAKOBOI KICTKW B 30HI OrAY
Py eHAOMPOTE3YBAHHI CTATUCTUYHO HE BIAPIBHSIETLCSI Bif PO3PAXOBAHMX 3HQYEHb, XOHQ MOKA3HUK MEHLLIVN.
Lle moB’g93QHO i3 CTPYKTYPOK ry6YQCTOI TKAHWHW, SIKQ MAE TOHKI KICTKOBI MAQCTUHKN W NepeKkAaAnHu (Tpa-
6eKyAn), SKi nepexpeLLyoTbCsl Mk COOO0K 11 YTBOPIOKOTL 6Araro YapyHOK. Y MiCLi BUMIPIOBAHHS TBEPAOCTI
ryé4yacroi TKAQHWHW BEAMKQ MMOBIPHICTb MOTOQAMASIHHST B MDKTPQOEKYASIOHMU MPOMIDKOK, XO4Q PO3MIP iHAEHTO-
pPa GinbLLNA, TOMY Y BUMIPKOBAHHST 3QAYHQIOTLCST M KICTKOBI CTRYKTYPU. BUCHOBKM. Cy4QCHI METOAM MEANYHOT
Bizyaniszauii, y Tomy 4ncai KT, AQtOTb HE TiAbKW TOYHI AQHI LLLOAO 3MiH CTPRYKTYP KICTKOBOI TKQHWHM, O VI MOXKAU-
BICTb BUSHQYMNTU Pi3YHI BAQCTUBOCTI TKAHWMH — OMNTMYHY Q6 COPOBLIO KICTKOBUX CTRYKTYD, FEOMETPUYHI PO3MIPH
rouo. OAHQK TOMOrpPA®iYHi AOCAIAXKEHHST HQ CbOrOAHI BCE XK 3QAMLLIQKOTHCST AOBOAI AOPOTMMM, TOMY PO3PO-
OASIIOTLCST BiAbLL AOCTYIHI CIOCOOU BUSHAYEHHST QI3VYHNX AQHUX KICTKW. PO3POBAEHMI Crioci6 Ta rnpucTpiv
BUMIPKOBAHHST LLIIABHOCTI KICTKOBOI TKQHUHM AO3BOASIE LLBUAKO TQ 06 €EKTUBHO BU3HQYUTU SIKICTb KICTKU B 30HI
peseKuii, Are B AESIKUX BUMAAKQX Y XBOPUX 3i 3HVDKEHOHO LLIABHICTIO KICTKOBOI TKQHWHM BUHMKQE HEOBXIAHICTb
Y AOAQTKOBOMY MepeAonepaLiiHoMy rnpoBeAeHHI KT-AOCAIAXKEHb.

KAIOYOBiI CAOBQL: KICTKOBQ TKAHUHQ,; LLIABHICTB, TMGIAABHE MAQTO, EHAOMPOTE3YBAHHS
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Bctyn

MoHoKoHaWASIpHE  €HOOMPOTEe3yBaHHS  KOJiHHOTIO
cyriaoba OCTaHHIMHU NECATWIITTSIMM HaOupae Bce Oiflb-
101 TIOMYJIIPHOCTI Ccepel opToleniB €Bponu 3arajiom
Ta YkpaiHu 3okpema. Lleit meTonm JikyBaHHSI /103BO-
JIsle TIBUIKO BiTHOBUTU (DYHKIIIIO KOJIHHOTO CyTrjio0a,
OTpUMAaTH paHHE Ta TIOBHE MOTO HaBaHTaXeHHS, Mae
MaJly TpaBMaTUYHICTh Ta KOPOTIIWK TePMiH TOPiBHSIHO
3 TOTAJIBHUM €HJOTPOTE3YBAHHSM, O3BOJIIE 30eperTu
3B’SI3KOBMI arapar, He MEHII BaXJIMBOIO € i TOMipHa Bap-
TicTb iMIUTIaHTaTa [1].

OfHUM 3 OCHOBHUMX YCKJIAJHEHb, 110 MOXEe BIUIMHYTH
Ha BUKMBAHHSI BCTAHOBJICHOTO iMIUIaHTaTa, € HECTa0iIb-
HIiCTh KOMITOHEHTIB eHmomnpoTe3a. OmHI€EI0 3 OCHOBHUX
MPUYMH 1IBOTO € OCTEOIOPO3.

BaxuBuit BIUIMB Ha CTaOUIBbHICTH BCTAHOBJIEHOTO TH-
6iaJTbHOTO KOMITOHEHTa €HIOIMpOoTe3a Mae MiHepaibHa
IITBHICTH KicTKoBO1 TKaHuHM (MIIIKT) came B 30Hi iioro
imrianTauii. [1pu mmanyBaHHI omepallii HEOOXiZHO Bpaxo-
ByBatu MIIKT n1s1 3amo6iraHHs HeraTUBHUM HacJliaKaMm
y micjsonepaliiHoMy mepioni, TaKuM SIK aCeNTUYHUM Ta
CENTUYHUI MpoIlecu B 30HI BCTAHOBJIEHHSI KOMITOHEHTA
€HJ0MNpPOoTe3a, O3HAKM MOro HecTabiIbHOCTI, 10 MOXYTh
HiBeJIIoBaTH po0OTY Xipypra [2].

CkJ1agaloTbesl YMOBH, Y SIKMX CKJIQAHO TIPOTHO3YBaTH
NiiCHY KapTWHY, TMOB’sI3aHy 3 MiHepasi3alli€lo KicTKU B
30Hi iHTepecy Xipypra. Oco0IMBO 1¢ BaXKJIMBO IIPU MOHO-
KOHIWISIPHOMY €HIOIIPOTe3yBaHHI KOJIIHHOIO cyrioba i
OILTBIIIOI0 MipOIO B JIITHIX JTIOACH.

Jlsi BU3HAYEHHSI MiHepaJlbHOI IMiIJIbBHOCTI KiCTKOBOI
TKaHUHM YacTO 3aCTOCOBYIOTh JIE€HCUTOMETPUYHE 0OCTe-
JKEHHS, 1110 MAa€ OMOCEpPeNKOBAaHWII XapakTep Ta He 3a-
BXIU 00’€KTUBHO TOKAa3y€e CTaH KiCTKM, IO CITOCTepira-
€ThCs M yac onepauii. CTBoOpuaach cutyallisi, Ipu sIKiit
CcKJIagHO Hi3HaTtuch BiporigHi gani mpo MILKT y 3oHi
BCTAHOBJICHHSI €HIOIPOTE3a, 1110 OCOOJMBO BaXKJIMBO B
JIIOJIei TTIOXUJIOTO BiKY.

CraH KiCTKOBOI TKAaHMHM MOXHA BM3HAYUTH 3a PEHT-
reHorpaMaMM 3a JOIOMOTOI0 IPOTPAMHOTO KOMILIEKCY
X-rays [3, 4]. HemonikoM 11boro MeTomy € Te, 110 BiH He
JIa€ MOXJIMBOCTI OTPUMATH JaHi PO PO3IMOIia IIJIBHOCTI
KiCTKOBO1 TKAHWHU B IUIOLLIMHI ii Onuy.

MetogoM mepenonepaliiiHoro TUIaHyBaHHSI MOXe
OyTu KOMIT'IOTepHa ToMorpadisi, siKa I103BOJISIE BU3HAa-
YUTU IIUJIBHICTh Oi0JOTiYHMX TKAaHWH B omuHULgx [a-
yHCchinma [5], ale He 3aBXIW € MOXJIMBICTH BUKOHATHU
KT-nocnimxkennst no onepauii. Tomy HaMu po3pobieHui
TIPUCTPIif, 1110 TO3BOJISIE TIPOBOAUTH iHTpaoTIepalliifHe BU-
MipIOBaHHS IIUIBHOCTI KiCTKOBOI TKAHMHMU.

Mera: npoBecTH MOPIBHUIBHUI aHaJIi3 pe3yJabTaTiB 10-
CJIiIXKEHHSI XapaKTepUCTUK IIIBHOCTI KiCTKOBOI TKAHUHU
3a JaHUMU KOMIT' I0TepHOi ToMorpadii Ta 3anpornoHOBaHO-
IO MPUCTPOIO.

MarTtepiaAu Ta meToamn

Jns BUpilIEeHHST TTOCTaBJIEHOTO 3aBIaHHS OyJIo TIpo-
BelleHE MOCIIKEHHS IIUIBHOCTI KiCTKOBOI TKAHWHU [i-
JISHKUA OTWJTYy BEJIMKOTOMIJIKOBOI KiCTKM 3a JIOTIOMOTOI0
BUMipIOBaJIbHOTO MpucTporo. Cxema MpUCTPOIO HaBeAeHA
Ha puc. 1.

PoGora npucTporo 6a3yeThbcsl Ha BUMiplOBaHHI TBEPAOC-
Ti 3a Bikkepcom [6]. Lleit MeToI BiTHOCUTBCST 0 HEPYIHIB-
HUX BUIiB MEXaHiYHUX BUTIPOOYBaHb Ta JO3BOJISIE BUBYATH
MEeXaHi4Hi BJACTUBOCTI KOMITAKTHOI KiCTKOBOI TKAHUHU Y
Majiiux oocsirax. BiH IpyHTYeTbCS Ha JOCIHIIKEHHI 3aiexk-
HOCTi TTTMOMHM MPOHUKHEHHSI aJIMa3HOTO KOHYCa y BUTJISI-
IIi YOTUPUTPAHHOI MipaMiIK¥ B JOCTIIKyBaHMU MaTepial
BiI BemuuHU 3ycuiuisl. BumipioBanHs mpoBommim Ha 90
OonuJIaxX IUIaTO BEJIMKOTOMIJIKOBOI KiCTKU, BUJAJICHUX ITi[
yac BUKOHAHHS oIepallii MOHOKOHAUJISIPHOIO €HIOIIPOTe-
3yBaHHS (puc. 2).

JIJ1s1 MOPiBHSTHHST Pe3yJIbTaTiB JOCTIIXKEHHSI BUKOHYBa-
JIM PEHTTEHOMETPUYHE TOCIiIKEHHS IIITbHOCTI KiCTKOBOL
TKaHWHU B 30Hi IHTEPECY BEJIMKOTOMIIKOBOI KicTKU. Bu-
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Pucynok 1. MpucTpiii ans BU3Ha4eHHS WisIbHOCTI KiCTKOBOT TKaHUHW: a) Koprnyc; 6) LUTOK; B) HAKOHEYHUK
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PucyHok 2. Onun megianbHOro niaato
BEeJINKOroOMiJIKOBOI KiCTKU

MiptoBaHHsI BUKOHYBanu Ha KT-300paskeHHSIX KOJIHHOTO
cyroba 3a mkano oguHuUNb [ayHcdinma [5]. Bukopuc-
TOBYBAJIM TOMOTPaMM THX CaMUX TAIi€HTIB, 3p0o0JeHi I0
BUKOHAHHS OTIEpaTUBHOTO BTPyJYaHHSI.

Ilkana oguHuub layHcdinma (AeHCUTOMETPUUYHUX
noka3HukiB, aHri. HU) — mkana ni”iiiHoro mocna-
O0neHHs (abcopOilii) BUMPOMiHIOBAHHS IIOAO OUCTHU-
JIbOBAHOI BOIM, PEHTreHiBChKa IIiIJBHICTh SIKOI OyJa
npuiiHaTa 3a 0 HU (ripu ctraHagapTHOMY THCKY Ta TeM-
nepatypi) [5].

Jnst BU3Ha4YeHHsT piBHSI abcopOilii rydvacToi TKaHM-
HU JJSTHKY OMUJIY BEJIMKOTOMIJIKOBOI KiCTKM MPOBOAWIN
ananiz KT, 3po6ieHux 10 BUKOHAHHS Omepallii €HI0IIpo-
Te3yBaHHS.

Ilap KT, mo sskomy nependadyanaocs BUAaJICHHs HE0O0-
XiTHOI YaCTMHU BEJIMKOTOMIJIKOBOI KiCTKU, OyJIO po3adiie-
Ho Ha 9 30H (puc. 3).

Graphs: Line intensity

Graph  Processing

PucyHok 3. 30Hu BUMIipIOBaHHSI ONTUYHOT
LLiIBHOCTI

ITo KOoXHIii1 30Hi BU3HaYaIM MaKCUMaJbHUI iHIEKC a0-
cop6uii B onuHuisix layncdinsaa (HU) (puc. 4).

Ta6nuus 1. CepeaHi 4€HCUTOMETPUYHI MOKaA3HUKU
Aeskux pe4o0BUH Ta TKaHUH B oguHunusix layHcginga

PeuyoBuHa HU

MoBiTps -1000

Bopa 0

Kpos Bin +30 po +45

M'a3n Big +10 po +40

Kictka Bin +700 (rybyacTta pe4voBuHa) oo +3000
(KicTkOBa peyoBMHa)

PiBenn abcopO11ii KOPTUKAIBLHOTO IIapy BU3HAYAIN 3a
MaKCUMaJbHUM 3HAYEHHSIM IO MPOTSIKHOCTI Bill TOYKU
A 1o tTouku B. Otpumani naHi abcop0irii KiCTKOBOI TKa-

PucyHok 4. BusHayeHHsi iHgekcy lNayHcinna
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PucyHok 5. Po3anopgin ingekcy abcop6uii ryé4acroi TkaHUHU 3a 30HaMn

HUHU B onnHUIIX [ayHcdinbaa 3a dopmyiioro, sska Oyia
3alpoIIOHOBaHa PO3poOHUKaMu IIporpamMu Mimics (ip-
Ma «Materialise») [7], mepeBoAMIN B OMWHUILII IIITBHOCTL
KiCTKHU:

p=1,067 x HU + 131 (kr/m?),

ne p — uiiaeHicTh B Kr/mM?, HU — koeditieHT abcopOuiii
KiCTKOBOI TKaHMHU B omuHuusx layHcdinbma, 1,067 ta
131 — monpaBHi BeJTUYMHU.

OTpuMaHy IIJIBHICTh TEPEBOIMIN IS PO3PAXYHKY MO-
nynst ripyxkHocti (E) 3a ¢hopmyroro:

E=p x 3,64 — 506 (MITa),

Iie p — MIUTBHICTB, 3,64 Ta 506 — MOTIpaBHi BETUINHU.

JocnimkyBanu aBi rpynu xBopux: I rpyna — 10 maii-
€HTIB, Y SIKMX 3a JaHUMU JEHCUTOMETpii Oyia BU3HAYeHA
octeoneHis (T-score Big —1,0 1o —2,5), ta Il rpyna — 10
XBOPUX, Y SIKMX 3a JeHCUTOMeTpieto T-score OyB MEHIIUM
Bix —2,5 [8].

Otpumani nani KT-gocnimkeHb Oyiau oOpobJieHi
CTaTUCTUYHO, po3paxoByBaiu cepeaHe (M), iloro crtaH-
naptHe BigxuiaeHHs (SD) ta rpaHuyHi gaHi BUOipKu
(min + max). [TopiBHSIHHSI MiX TpyramMu MPOBOAMIIM 3a
nmortomoroio T-Tecty nj1sd He3aaexXHUX BuOipok. Yepes Te
1o abcopO1Iisl KicTKOBOI TKAHMHU Ta pO3paxOBaHMUI 3a
¢dopmyaMu MOIYJIb IMPYKHOCTI € 3aJIeXKHUMU BEJIUYM-
HaMH, Pi3HUIIO MiX I'pylaMy BU3HAYyalu 3a OMHUM IO-
KazHUKOM [9].

Pe3yAbTaTU TO OGrOBOPEHHS

3a maHumM, oTpuMaHuMM Ticast oopooku KT, ycra-
HOBJICHO, 1110 MaKCMMaJbHa ONTHUYHA UIIJIbHICTh KOPTU-
KajbHOTO 1apy xsopux I rpynu ctanosuia 678 £ 150 HU,
y xBopux II rpynu — 377 = 93 HU, Moaysib NpyXKHOCTI
craHoBuB 1435 £ 363 MIla, pisHulg BeJTMYMHU abcopo-
1ii KOPTUKAJIbHOTO MIapy MiX TpyrnmaMHu CTaTUCTUYHO
s3Hauymia (t = 2,509; p = 0,046). BizyanbHo mpu aHaJi-
3i KT y xBopux Il rpynu BigMivanm ocepeaku IMOBHOIO
pPYWHYBaHHSI KOPTMKAJIBHOTO IIapy THX e 30H. IHmeKc
abcopO11ii KOPTUKAJIBLHOTO Iapy Yy 30HaX pyHHYBaHHS

He nepeuinyBaB 100 HU, y cepenapomy — 50 = 45 HU.
V nesaKux XBOpMX CIOCTEpirajy IOBHY BilCYyTHICTh KOp-
TUKAJILHOTO IIapy MO 30Hi 8§ i3 3a7y4yeHHsIM y pyWHiBHUI
Mpolec CyMiXXKHUX AUISIHOK 30H 7 Ta 9. Y xBopux | rpy-
MY pyHHYBaHHS KOPTUKAJIBHOTO 1IAPY 3 YTBOPEHHSIM 30H
OCTEOHEKPO3y HE CIIOCTepiraiv, Xouya BiaMidaau 3HaYHE
iioro moToHIIeHHs. OIHO3HAYHO BU3HAYWUTM 3arajib-
HY TEHJICHIII0 pO3TalllyBaHHS JIUISTHOK KOPTUKAJIbHOTO
apy 3 MaKCMMaJIbHOIO I MiHiMaJIbHOIO IIiIJIbHICTIO He-
MOXJIUBO Yepe3 BUCOKY BapiabesbHICTh iX BUHUKHEHHS,
Xo4Ja Tpeba BiIMITUTH, 11O MediaJIbHUN Biddij KOJIHHOTO
cyriio0a MmepeBaXkHO Ma€ MEHIIY IIUTbHICTh KOPTUKaIb-
HOTO IIapy, HiXX MepeaHiil i1 3aaHiii.

Posznonin piBHs abcopO1iii rydyacToi TKAaHMHU 3a 30Ha-
MM HaBeJeHO B Ta0I. 2.

Yepes Te 110 MU BU3HAYaJIM MaKCUMaJlbHUU piBEHb
abcopOI1ii B 30HaX OMUIY, Pi3HUIII MiX TpyrmaMu MalieH-
TiB He BU3HAUEHO, ajie MOXXHa CIOCTepiraT¥ 3MiHYy po3-
MOy IIIJIBHOCTI ry04acToi TKAHWHU Yy XBOPUX Y IPYy-
nax. Jyist HaouHocTi maHi abcopOilii Oyam mokasaHi Ha
miarpami (puc. 5).

3a maHuMu Taba. 2 Ta pUC. 5 MOXHa MPOCTEXKUTHU
3MiHU KoedilieHTa abcopOuii rydyacToi TKAaHMHU B
rpynax. Tak, y nueHTpaJlbHUX 30Hax 1, 2 Ta 3 iHgeKcC
abcopOuii TkaHuHU Buile y xBopux I rpynu. Ha kpa-
iioBUX 30Hax 4, 6, 7 Ta 8 piBeHb abcopOIIii KicCTKOBOT
TKaHWHU B Tpyrax XBOPUX MPaKTUYHO OJHAKOBWIA.
IlikaBuM BusBMIacSI MediajbHa KpalioBa 8-Ma Ta IIeH-
TpajibHa 5-Ta 30HU, B IKUX CIIOCTEPIiraloThCs ocepe-
KM HEKPOTU30BAHOI TKAHWHMU 3 OTITUYHOIO HIIJIbHICTIO
Ha piBHI MakKCUMaJbHOTO 3HaY€HHS KOPTUKaJIbHOI
TkaHuHu. He y Bcix xBopux Il rpynu Oyam BimmiueHi
30HU OCTEOHEKPO3y B 5-i1 30Hi, mosiBa IKUX CBiTYUTH
Mpo MOIIMPEHICTh MpOlieCiB pyiHHYBaHHS KiCTKOBOI
TKaHUHU.

3a jaHuMM abcopOllii OyJIo po3paxoBaHO MOIYJIb MPYK-
HOCTI ry04acToi KiCTKH, 1110 OyJI0 MOPiBHSIHO 3 pe3yJibTaTa-
MU BUMipIOBaHb 3a IOTMIOMOTOI0 PO3pO0JIEHOTO TTPUCTPOIO.
JlaHi Tpo BETMYMHU MOJYJIsI TIPYXKHOCTI KiCTKOBOI TKaHU-
HU HaBeJeHO B Ta0I. 3.
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3a JaHUMM CTAaTUCTUYHOTO aHajli3y HaMU OyjJI0 BU-
3HA4Y€HO, IO MOMAYJb TPYXKHOCTI TIyOyacToi TKaHU-
HU BEJUMKOTOMIiJIKOBOI KiCTKM B 30Hi OMWJY IpPU €H-
NOMNpPOTEe3yBAaHHI CTAaTUCTUYHO HE BIiJPi3HSAETHCS Bil
po3paxoBaHMX 3HaYeHb, XOua MOKa3HUK MeHIui. Lle
MOB’SI3aHO i3 CTPYKTYPOIO TyOUacTOi TKAHUHU, sIKa Ma€
TOHKI KiCTKOBi IUTaCTMHKHM i MepeKIaguHu (TpabeKy-
JIN), SIKi MepexpelryloThbes MiX c000I0 i YyTBOPIOIOTh

0araTto yapyHoK. Y Miclli BUMiplOBaHHS TBEPIOCTi Iy0-
yacToi TKAHUHU BeJMKa WMOBIPDHICTb MOTPArISHHS B
MiXXTpaOeKyJIsIpHUI TPOMiXOK, X0Ua po3Mip iHIeHTopa
OUTBIINIT, TOMY Y BUMipIOBaHHSI 3aJIy4alOThCs i KiCTKOBI
CTPYKTYpH.

LlikxaBuMuy BUSIBUIIMCS 30HA 8 y TALiE€HTIB I rpyrm Ta 30H1
7 i1 8 y mauienTiB 11 rpymu. Byso BusiBiIeHO cTaTUCTUYHO 3HA-
gymry (p < 0,05) pi3HUIIO Y 3HAUEHHSIX PO3PaxOBaHOIO Ta

Tabnuys 2. Po3nopain pieHs abcopoOuii KicCTKOBOi TKaHUHU 3a 30HaMu

PieeHb abcop6uir, HU CTaTUCTUYHA 3HaYYLLICTb
3oHa MiX rpynamm XxBopumx
Mpynal fpynalll (t, p)
1 424 + 56 279 =106 t=2,386
359 +492 172 + 384 p =0,063
5 206 =74 132+ 68 =-1,369
122 + 260 50+197 p=0,229
3 215+ 126 151 £ 71 =-0,876
98 + 348 76 +238 p=0,421
4 386 = 121 345+ 42 t=0,554
219 +486 301+ 384 p =0,604
5 323 £ 201 444 + 156 t=-0,859
110+595 267 ~ 564 p=0,430
6 288+ 185 248 £ 17 t=0,360
141 +558 228 + 260 p=0,733
7 515 + 222 501 +92 t=0,097
354+ 835 397 570 p=0,927
8 491 £ 252 664 + 358 t=-0,757
279 + 826 258 - 934 p=0,483
9 403 +319 420+ 118 t=0,086
193 + 877 285 +500 p=0,935
Tabnuus 3. Posnogin moayns npy>HOCTi KiCTKOBOT TKaHUHY BUPOCTKA BEJINKOrOMIJIKOBOT KiCTKU
B 30Hi eHAoNMpoTe3yBaHHS
Mopaynb npyxHocTi, MlMa
3o0Ha Mpynal Mpyna ll
KT InaeHTOp T KT InpeHTOp T, p
K 2602 = 584 2523 +£615 t=1,857 1517 £ 293 1333+ 208 1=2,984
1928 +~ 3334 1850 + 3340 p=0,160 1179+ 1691 1100 + 1500 p =0,096
1 1618 £217 1575+ 194 t=2,795 1053 +412 960 + 350 600 1=2,560
1365+ 1882 1350 + 1800 p=0,068 639 + 1462 +1300 p=0,125
2 484 + 265 710 £248 1=2,625 771+ 286 239 +£246 45 t=1,934
165+ 736 430+ 900 p=0,120 445 + 981 +600 p=0,149
3 556 + 275 757 £ 476 1=23,902 807 + 488 351 343+ 272 t=1,660
266 ~ 895 300+ 1250 p =0,060 +1322 100+720 p=0,195
4 1471 £ 471 821 1443 + 460 1=2,763 1311+ 162 1087 + 380 t=1,102
+ 1858 800+ 1800 p=0,070 1140 + 1462 700 + 1460 p=0,385
5 1224 +781398 | 11931755 t=1,841 1694 + 607 1667 + 586 t=1,600
+2282 370+2200 p=0,163 1008 ~ 2161 1000+ 2100 p =0,251
6 1087717518 | 1085+719 t=1,011 934 + 68 923 + 64 t=2,149
+2138 520 +2140 p=0,387 856 + 981 850 + 960 p=0,165
7 1970 + 861 1963 + 862 t=2,180 1918 £ 357 1877 =352 t=5,422
1346 ~ 3214 1340+ 3210 p=0,117 1513+2185 1480 + 2150 p =0,032
8 1879 £ 979 1775+ 932 t= 23,896 2550 £ 1390 2220+ 1146 t=1,978
1054 + 3179 1000 + 3000 p =0,030 973 +~ 3598 960 + 3200 p =0,027
9 1536 = 1240 1523 £ 1232 t=2,900 1602 = 457 1567 =493 t=1,671
720+ 3377 710+ 3350 p =0,063 1078+ 1913 1000 + 1900 p=0,237
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BUMIPSIHOIO MOMIYJISI IPYKHOCTI. Lle mOsICHIOETBCS TUM, 1110
caMe B LIMX 30HAaX CIOCTePIiraroThesi 0CepeK OCTEOHEKPO-
3y 3i 30UIBIIEHOIO IIUIBHICTIO Ta KaBePHU, Y SIKMX KiCTKOBa
TKaHMHA MPaKTUYHO BiACYTHS. Y MPUHLIMII caMe HasIBHiCTb
pyWHYBaHHSI KiCTKOBOI TKAHWHM MEIiaJIbHOTO Kparo IJIaTo
BEJIMKOTOMIJIKOBOI KiCTKH 1 € MPUYMHOIO EHI0MPOTE3yBAHHSI
KOJIIHHOTO cyriioba. Y xsopux Il rpyrm 30HM 3 HepiBHOMIpP-
HOIO IIUIBHICTIO KiCTKOBOI TKAHUHU OiJibIlle, IO i MOKa3ye
HasIBHICTH pyMHYBaHHS B 30Hi 7 Ha JOJATOK 0 30HMU 8.

3a pe3yabTaTaMu CTATUCTUYHOTO aHaJi3y po3paxyHKO-
Bux naHux KT Ta npsiMux BUMiploBaHb 3a JOIIOMOTOIO PO3-
pO0GJIEHOTO MIPUCTPOIO BCE XK PEKOMEHAYEMO IJIsl XBOPUX,
y SIKUX 32 JaHUMM JEHCUTOMETpil 1iarHOCTOBAaHO OCTEO-
nopo3, npoBoAuTH noaaTkoBo KT KomiHHUX CYI/IO0iB 115
OiJIbIII TOUHOTO BU3HAYEHHSI 30H PYHYBaHHSI KiCTKOBMX
CTPYKTYp ab0 BpaxoBYyBaTH, 110 30Ha HEKPO3y rydyactoi
TKaHWHU MOXe OyTH OiJIbIIIO0.

BucHoBKMU

CyuacHi MeToau MeIMYHOI Bizyauizaitii, y Tomy umucii KT,
JA0Th HE TiTbKU TOYHI JaHi 00 3MiH CTPYKTYp KiCTKOBOI
TKaQHWHU, a 1 MOXJTMBICTb BUBHAYUTU (Di3UUHI BIaCTUBOCTI
TKaHUH — ONTUYHY a0COPOIIiI0 KiCTKOBUX CTPYKTYP, TeOMe-
TpyU4Hi po3Mipu Tomo. OmHak ToMorpadidHi JOCTiIKeHHS
Ha ChOTOMHI BCE 3K 3aJMIIAIOTHCS TOBOJII TOPOIMMU, TOMY
PO3POOJISTIOTHCS OUTBII JOCTYIIHI CITIOCOOM BU3HAYeHHsS (i-
3WYHUX JaHUX KiCTKU. Po3pobeHuii crocid Ta npucTpiii BU-
MipIOBaHHSI IIUTBHOCTI KiCTKOBOI TKAHWHU T03BOJISIE IIIBUIKO
Ta 00’€KTUBHO BU3HAYNTH SIKICTh KiCTKHM B 30Hi pe3eKii. Ajre
B JIESIKX BUTIAAKAX Y XBOPUX 31 3HIDKEHOIO IILTBHICTIO KiCT-
KOBOI TKAHWHY BUHUKAE HEOOXIIHICTh Y JOJATKOBOMY IIepe-
nmonepamniitnomy nposeaeHHi KT-gocmimkeHs.

Konduikr inTepeciB. ABropu 3asiBIsIIOTH PO BiACYT-
HiCTh KOHQJIIKTY iHTepeciB Ta BjacHOI (hiHAaHCOBOI 3alli-

KaBJICHOCTI ITPU MiArOTOBII JaHOI CTATTi.

Information about authors

Cnuncok Aiteparypu

1. XKyk I1. M., boiinox A.JI., babyn /. B. ma in. Biooaneni pe-
3YAbMAMU MOHOKOHOUAAPHOI APMPONAACIUKY KOATHHO20 CYeno-
6a. Bicnux opmonedii, mpasemamonoeii ma npome3sysanns. 2014.
Ne 4. C. 47-50.

2. Zhuk P.M., Movchaniuk V.O., Matsipura M.M. Actual
analysis of complicotions after unicompartmental arthroplasty of
the knee joint. Visnyk ortopedii, travmatolohii ta protezuvannia.
2020. Ne 1. P. 101-106.

3. Tumowenxo O.11., Kapnunckuiit M. 1O., Bepeuyn A.I. Hc-
cnedoganue OUASHOCMUYECKUX 803MOICHOCMEL NPOSPAMMHOO
xomnaexca «X-rays». Meduyuna u... 2001. No 1. C. 62-64.

4. Bupsa O.€., Tonosina 4.0., Maauk P.B., Kapnincoxuii M. 1O.,
Kapnincoxa O.JI. Penmeenomempuune 00cnionceHHs Kicmkoeoi
winoHocmi 'y pasi anoKOMRO3UMHO20 eHOONPOME3Y8aHHs (eKchne-
pumerm in vivo). Opmonedust, mpaemamonous. U npome3uposa-
nue. 2020. Ne 4. C. 18-24. DOLI: 0.15674/0030-59872020418-24.

5. Xogpep M. Komnvromepnas momoepagus. bazosoe pykoeoo-
cmeo. 2-e u3zo., nepepad. u don. M.: Meo. aum., 2008. 224 c.

6. ISO 6507-1:2005 Metallic materials. Vickers hardness
test. Part 1. Test method.

7. Boponxesuu U.A. Ocoberrocmu cmpyKmypbl RPOKCUMANLHO-
20 anugu3a 6oavuledepy08oil Kocmu u AghghekmusHocms ukcayuu
OMAOMKO8 UMNPECCUOHHOU 30Hb OCKOALHAMbIX NEPENOMOB MbIUieA-
K08 b0blUedepy060ll KOCMU (KCNEPUMEHMANbHOE UCCIe008aHUE).
Tpasmamonoeust u opmonedust Poccuu. 2013. 3 (69). 57-63.

8. Hosukoe B.E., Ckpunnuxosa U.A., Mypawio JI.M., Abupo-
6a D.C. Jlgyxanepeemuueckas peHmeeH06CKas adcopouuomempusi 6
KAUHUYECKUX UCCAeO008aHUSX U PeanbHoll npakmuke. Bonpocsl 6oc-
npouszgooumocmu u kauecmea. Ocmeonopos u ocmeonamuu. 2014.
Ne 17(1). C. 39-42. https.//doi.org/10.14341/0ste02014139-42

9. Hacnedos A. SPSS 19: npogheccuonanvhbiii cmamucmuueckuil
ananuz dannwix. CII6.: [Tumep, 2011. 400 c.

OmpumaHo/Received 05.01.2022
PeueH3osaro/Revised 17.01.2022
MputiHamo do dpyky/Accepted 24.01.2022 W

V. Movchanyuk, PhD srudent at the Department of traumatology and orthopaedics, National Pirogov Memorial Medical University, Vinnytsia, Ukraine; e-mail: vadymmovchaniuk@gmail.com; https://

orcid.org/0000-0002-7496-9530.

P. Zhuk, MD, PhD, Professor at the Department of traumatology and orthopaedics, National Pirogov Memorial Medical University, Vinnytsia, Ukraine; e-mail: dr.petro.zhuk@gmail.com; https://

orcid.org/0000-0001-7320-8900.

Olena Karpinska, Research Fellow at the Department of biomechanics laboratory, State Institution“Sytenko Institute of Spine and Joint Pathology of the National Academy of Medical Sciences of Ukraine”,

Kharkiv, Ukraine; e-mail: helen.karpinska@gmail.com; https://orcid.org/0000-0002-1482-7733

M. Karpinsky, Research Fellow at the Department of biomechanics laboratory, State Institution “Sytenko Institute of Spine and Joint Pathology of the National Academy of Medical Sciences of Ukraine’,

Kharkiv, Ukraine; e-mail: korab.karpinsky9@gmail.com; https://orcid.org/0000-0002-3004-2610

S. Sukhorukov, Vinnytsia National Technical University, Vinnytsia, Ukraine; e-mail: suhorukov@vntu.edu.ua; https://orcid.org/0000-0003-4201-1691

Conflicts of interests. Authors declare the absence of any conflicts of interests and own financial interest that might be construed to influence the results or interpretation of their manuscript.

V.O. Movchanyuk?, PM. Zhuk!, O.D. Karpinska?, M. Yu. Karpinsky?, S.I. Sukhorukov?®
'National Pirogov Memorial Medical University, Vinnytsia, Ukraine
2State Institution “"Sytenko Institute of Spine and Joint Pathology of the National Academy of Medical Sciences

of Ukraine”, Kharkiv, Ukraine

3Vinnytsia National Technical University, Vinnytsia, Ukraine

Experimental study of bone tissue density in monocondylar knee arthroplasty according
to preliminary CT data and its intraoperative determination

Abstract. Background. One of the main complications in mono-
condylar arthroplasty of the knee joint is the instability of the com-
ponents of the endoprosthesis. When planning the operation, it is
necessary to take into account the bone mineral density to prevent

negative consequences in the postoperative period, such as aseptic
and septic processes in the area of the implantation component.
The purpose was to conduct a comparative analysis of the results of
studying the characteristics of bone density according to computed
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tomography and the proposed device. Materials and methods. To
solve this problem, a study of the bone density of the tibial sawdust
area was carried out using a measuring device. To compare the re-
sults, a study of bone density in the area of interest of the tibia was
performed using CT images of the knee joint on a scale of Hounsfield
units in nine zones. Two groups of 10 patients were studied: group
I — patients in whom, according to densitometry, osteopenia was
determined (T-score from —1.0 to —2.5) and group 11 — patients, in
which densitometry T-score was less than —2.5. Results. It was found
that the maximum optical density of the cortical layer in group I pa-
tients was 678 = 150 HU, in group II patients — 377 £ 93 HU, the
elastic modulus was 1435 = 363 MPa, the difference in the absorption
of the cortical layer between the groups was statistically significant
(t=2.509; p=10.046). In central zones 1—3, the tissue absorption in-
dex is higher in patients of group I. On the marginal zones 4, 6—8, the
level of bone tissue absorption in both groups of patients is almost the
same. The modulus of elasticity of the cancellous tissue of the tibia
in the sawdust area during endoprosthesis does not statistically differ

from the calculated values, although it shows fewer data. This is due
to the structure of the cancellous tissue, which has thin bone plates
and crossbars (trabeculae), which intersect with each other and form
many cells. The place where the spongy tissue stiffness is measured is
highly likely to fall into the intertrabecular space, although the size of
the indenter is larger, therefore, bone structures are also involved in
the measurements. Conclusions. Modern methods of medical imag-
ing, including CT, provide not only accurate data on changes in bone
tissue structures but also the ability to determine the physical prop-
erties of tissues — optical absorption of bone structures, geometric
dimensions, etc. However, tomographic studies are still quite valu-
able today, so more affordable ways to determine the physical data of
the bone are being developed. The developed method and device for
measuring bone density makes it possible to quickly and objectively
determine the quality of the bone in the resection area. But in some
cases, in patients with low bone density, there is a need for additional
preoperative CT examinations.

Keywords: bone tissue; density; tibial plateau; arthroplasty
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AOCAIAXKEHHS HaNpPY>XeHO-AeDOPMOBAHOIO CTAHY
MOAEAI TOMIAKU 3 NepeAOMOM CepeAHbOI TPEeTUHU
BEAUKOTOMIAKOBOI KICTKU NPU PISHUX BAPIAHTAX
OCTEOCUHTE3Y B YMOBAOX 3POCTAIOYOro
CTUCKQAKOYOro HOBAHTAXXEHHS HO CUCTEMY
«IMAAQHTAT — KICTKQO»

PestoMe. AKTYaAbHICTb. Y 3QraAbHii CTRYKTYPI TOQBMATU3MY MEPEAOMM KICTOK HKHIX KIHLIBOK CTQHOBASITH
47,3 %. I3 umx nepeAomis rnepLue MicLe 3aMaroTb AiQI3QpHI nepeAomMm KICTOK rominku — 45-56 %. MNMepebir
rpoLecy 3POLLEHHSI MQE NeBHi OCOBAMBOCTI y TPETUHI BUNOAKIB, LLO MOB’SI3QHO 3 HOAMIPHOK Baror. Mera:
MPOBECTY MOPIBHSIAbHE QHAAIZ HQMPYXKEHO-AEPOPMOBAHOIO CTAHY MOAEAEN FTOMIAKU 3 TePEAOMOM BEAMKO-
FOMIAKOBOI KICTKW 1iA BIAMBOM CTUCKQKOYOIrO HABAHTQDKEHHST MUY PISHUX BAPIAHTAX OCTEOCUHTE3Y TA 3QAEX-
HO BiA MACUH TIAQ nauieHTa. MarepiaAn Ta MeTtoan. Po3pobreHQ 6Q30BA CKIHYEHHO-eAEMEHTHQ MOAEAb O-
MIAKU, SIKQ MICTUAQ BEAMKOTOMIAKOBY Y MOAOTOMIAKOBY KICTKM TQ KICTKW CTOMM. Y BCIX CYOB6QX MK KICTKOBUMM
eneMeHTaMK POBUAM MPOLLAPOK i3 MEXAHIYHMN BAQCTUMBOCTSIMI XPSILLOBOI TKAHMHM. MOAEAOBAAM NELEAOM
B CEPEAHIV TPETUHI BEAMKOrOMIAKOBOI KICTKM TQ TPW BUAM OCTEOCUHTE3Y 3Q AOMOMOro QrapQTa 30BHILLIHLOT
oikcauii, HOKICTKOBOI NAQCTUHM TQ IHTPAMEAYASIOHOIO CTRPWXKHSI. YCi MOAEAI AOCAIAXKYBAAM Mih BIIAMBOM BEP-
TMKQALHOIO CTUCKQKOYOro HABAHTAXKEHHST BeAndHoo 700 t1a 1200 H. Pe3yAbTaTtn. SMiHV BEAVNYUH HAMPYXKEHb Y
KICTKOBIV TKQHMHI 3QAEXKHO BiA MQCU TIAQ MALIEHTA MQIOTb AIHIVIHY 3QAEXHICTb, ANQPAT 30BHILLHBLOI ¢ikcauii Ta
IHTOAMEAYASIPHUA CTRUXKEHbL 3Q6E3MEYYIOTh 3HMKEHHSI BEAUYMH HAMPY)KEHb B 30Hi MEPEAOMY HXKYE PIBHS MO-
KQ3HUKIB AAST HEYLLKOAXKEHOI KICTKM, HAKICTKOBQ MAQCTUHA MOKQ3YE 3HAYHO TiPLLI MOKA3HMKIA PIBHSI HAMPY)KEHb
§IK B 30Hi MepeAoMy, TaK i B MPOKCUMAABHOMY BIAAIAI BEAUKOTOMIAKOBOI KICTKN. Y AMCTAABHOMY BIAAIAI HOVIBALLIMA
PIBEHb HAMPY>KEHb BU3HAYQETHCSI B MOAEAI 3 OCTEOCUHTE30OM QAP ATOM 30BHILLIHLOI pikCcaLil, Y MeTraAeBmx KOH-
CTRYKLiSIX HANBIAbLLI HAMPY)KEHHST BUHUKQKOTH B HAKICTKOBIV MAQCTUHI. HABKOAO QIKCYIOYMX IBUHTIB TQ CTOVKHIB
HQUBULL HAMP Y XKEHHST BUSHQYQKOTHCST MoV BUKOPUCTAHHI QrapaTa HQ HUKHEOMY CTPVKHI. BUCHOBKW. HavripLui
MOKQ3HUKU DIBHSI HAMPY>XKEHb B 30HI MepeAomy (Bia 26,5 A0 45,4 MINa) Ta HQ METAAEBIV KOHCTPYKLUIT (Bia 227,5 A0
389,9 MlQ) BU3HAYEHO M BUKOPUCTAHHI HOKICTKOBOI MAQCTUHU, LLLO € HACAIAKOM BUHMKHEHHST AOAQTKOBOIO
3rMHAKOYOro MOMEHTY B PE3YALTATI ii OAHOBIHHOro POo3TaLlyBAHHS. OCTEOCHMHTE3 3Q AOMNOMOIrOK ArnapATa 30-
BHILUHBOI pikcauii 3a6es3nevye AOCUTb HU3bKV PiBeHb Harpy eHb (Bia 0,7 A0 1,2 MIQ) B 30HI nepenomy, are
HEeAOAIKOM € BUCOKIV pPIBEHb HAMPY>KeHb HQ CaMOoMy arnapaTi (Bia 133,7 A0 229,2 MIQ) TQ B AMCTAABHOMY BIAAIAT
BEAMKOrOMIAKOBOI KiCTiku (Bia 13,2 A0 22,6 MIQ), 1O NOB’ 13QHE 3 AOBXKUHOK BAXKEAIB, SIKUMIM € QIKCYHOYi CTPK-
Hi. HQUVHWKYI MOKQ3HMKW HAMPYXKEHb Y BCIX EAEMEHTAX MOAEAI BU3HQYQKOTHCST MPU BAKOPUCTAHHI OCTEOCUHTE3Y
IHTOAMEAYASIPHUM CTPUDKHEM, LLIO OOYMOBAEHO LIEHTPAAbHUM PO3TALLYBAHHSIM OCHOBHOI OMopKY 3Q BICCKO HQ-
BAHTQXKEHHSI TQ KOPOTKMMIM BADKEASIMU, SIKUMM € DIKCYIOYi rBUHTY, DYHKLST 3AAEXKHOCTI BEAUYUHIM HAMPY>KEHb B
EAEMEHTAX MOAEAI € AIHIMHOKO TQ MPSIMO MPOMOPLUIMIHOK.
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Bctyn

[Tpu BUBYEHHI MUTaHHS HAAMIpHOI Baru Ta IepejoMiB
KICTOK TOMUJIKM Ha Pi3HUX PiBHSIX MU CTUKHYJUCS 3 TUM,
1110 B 3arajibHiil CTPYKTypi TpaBMaTU3My MepeOMU KiCTOK
HIUKHIX KiHLIBOK CTaHOBJIATH 47,3 %. I3 1ux nepesoMiB
nepiie Miciie 3aiiMaroTh AiadizapHi nmepesomMu KiCTOK To-
minku (JIITKT) — 45—56 % [8].

[lepebir mpolecy 3polleHHSI Ma€ MEBHI OCOOJMBOCTI
Yy TPETHHi BUIIAOKiB, 110 TTOB’S3aHO 3 HaIAMipHOIO Baroio.
Taki xBopi NKyIOTbCSI METOAMKAMM, SIKUMM HalKpalie
BOJIOJi€ MEBHUI Jikap, 0e3 ypaxyBaHHSI HaAMipHOI Baru,
BUKOPUCTOBYIOUM HasIBHI MeTajeBi KOHCTPYKIlii, 0e3 ypa-
XyBaHHS$I 6ioMeXaHiYHUX 0COOIMBOCTEN Y TAKUX TPaBMOBa-
Hux [9—11].

3a MaHWUMM MPOBEIEHOTO aHaJIi3y JiTepaTypHUX JKepen,
HaMu He OyJI0 3HAWIEHO JOUIbHOTO OOIPYHTYBaHHSI qude-
PEHIIIIOBAHOTO ITIXOMY ISl BU3HAYEHHS ONTUMAIIEHOI Xipyp-
TiYHOI TAKTVKM BUOOpY IMITIaHTATa IJIsI CTAOLIi3allii y1aMKiB
npu AITKI y mamieHTiB i3 CymmyTHBOIO HAAMiIpHOIO Barolo.

BpaxoByloun Te, 1110 Ha cydacHOMY eTami pO3BUTKY
TpaBMaTOJIOrii Ta oOpTomenii MaTeMaTUYHE MOJIEeJIIo-
BaHHS J103BOJIIE 00’€EKTUBHO Ta OE3MEYHO i3 BUCOKOIO
TOYHICTIO BiATBOPUTU TMOBEAIHKY OiOMEXaHIYHOI CcHuC-
TeMU «iMITJIAHTaT — KiCTKa» B yMOBax CTaHAAPTHOTO Ta
HaAMipHOTO HaBaHTaXEHHsI, TPOBEJCHHS JaHOTO J0-
CJIIIDKEHHST HaM 371aJ10CS IOCUTh 1iKaBUM i TOUITbHUM,
OCKIIbKM MaTeMaTU4YHE MOJETIOBAHHS i3 BUKOPUCTaH-
HSIM METO/1y CKiHYEHHUX €JIEMEHTIB 103BOJISIE TIPOBECTU
OILIIHKY HaAilfHOCTi CUCTeMHM «iMILUIAHTAaT — KiCTKa», A€
MOXKJIMBICTh BUSIBUTHU iCHYIOUi MepeBaru Ta HEIOJiKU
npu MeToaax ¢ikcallii y1aMKiB miaciza BeIUMKOTOMiIKO-
BOI KiCTKH, 110 3aCTOCOBYIOTHCS, JO3BOJISIE AOCTIAUTU
IUHaAMIiKy Tipoliecy aedopMyBaHHSI CTPYKTYp KiCTKO-
BOI TKAHWHU Ta (PiKCYIOUMX METAJOKOHCTPYKIIiii, 1110, B
CBOIO 4epry, 3yMOBIIIOE BMOip ONTUMAaJIbHOI METaJeBOl
KOHCTPYKIIi IS OCTEOCUHTE3Y MepeoMy y TallieHTa i3
HaaMipHOIO Baroio [12].

MeTa: npoBecTH IMOPIBHSUIBHUI aHali3 HaIpy>KeHO-
ne(OpMOBAHOTO CTaHy MOJEJIel TOMIJIKM 3 IepeIOMOM
BEJIMKOTOMIJIKOBOI KiCTKH MiJl BIUVIMBOM CTUCKAOYOro Ha-
BaHTaXXEHHSI MPU Pi3HUX BapiaHTax OCTEOCHMHTE3y Ta 3a-
JIEKHO BiJl MacH Tijla MmauieHTa.

MarTepiaAn Ta MeToAmn

VY nabGoparopii Giomexaniku 1Y «lHcTHTYT martojo-
rii xpebra Ta cymiobiB im. mpod. M.I. Curenka HAMH
VYkpainu» Oysa po3pobiieHa 6a30Ba CKiHUeHHO-eJIeMEeHTHA

MOJie/Ib TOMIKM JIOAMHU. 3araibHUil BUIJISIL MOJEJi Ha-
BeIeHO Ha puc. 1.

Monenb ckiaganacs 3 BEJIUMKOTOMIIKOBOI Ta Majoro-
MIJIKOBOI KiCTOK i KiCTOK CTOITH. Y BCiX CyIJI00ax MixX KiCT-
KOBHUMU eJIEMEHTaMU pOOWJIM MPOLIAPOK i3 MEXaHIYHUMU
BJIACTUBOCTSIMU XPSIIIIOBOi TKAHWHMU.

Ha 6a3oBiit Momesi MoaeIioBaIn IIEPEeIOM B CepeaHiit
TPETHHI BEJIMKOTOMIIKOBOI KiCTKM Ta TPU BUIM OCTEO-
CUHTE3y 3a JOIMOMOIOI0 arapaTa 30BHIIIHBOI ¢ikcarii
(A3®d), HaAKiCTKOBOI IJIACTMHU Ta IHTpaMeIyJIsIPHOTO
cTpuxkHs. [TpoMixKOK MiX KiCTKOBUMU (hparMeHTaMu B
30Hi mepeoMy 3alIOBHIOBAIN €JIEMEHTOM, SIKUI IMiTy-
BaB KiCTKOBUI1 pereHepaT. 30BHIIIHIN BUTIISII MOEIEi
3 TEPEeJOMOM Yy CEpeHili TpeTUHI BEJIMKOTOMIiJIKOBOI
KiCTKM Ta pi3HUMU BUJIaMU OCTEOCUHTE3y HaBEICHO Ha
puc. 2.

VY HamoMy OOCIiIXeHHi MaTepiaJ BBaXKajlW OIHO-
pizHUM Ta i30TponHUM. K CKiHUEHHUI eJIeMeHT OyB
oOpanuii 10-By3/ioBuUil TeTpaeAp 3 KBaIpaTUYHOIO
anpokcumalli€ro. Ycim MaTtepianam, 3 SKUX CKJIaaaaucs
MOJeJi, 3aJaBajJy BiAMOBiAHI MeXaHiuyHi BJIAaCTHUBOCTI,
Taki sIK MoayJb IpyxkHocti FOHra ta xoediuieHt Ily-
accoHa. MexaHiuHi BJIAaCTMBOCTI 0i0JOTiYHUX TKaAaHWUH
obupanu 3a maHumu Jjitepatypu [1—4]. Bmactupocri
MeTaJleBUX KOHCTPYKIIiii oOupanu 3a JaHUMU TEXHiu-
Hoi Jitepatypu [5]. JlaHi 3 MexaHIYHUX XapaKTePUCTUK
MaTepiajiB, BAKOPUCTAHUX TIPU MOJIETIOBaHHI, HaBee-
Hi B Ta0Omd. 1.

Vci Moaei mocimKyBaiy Mil BIUIMBOM BepTUKAJIbLHOTO
CTHCKAIOUoro HaBaHTaxkeHHs BeianuyuHowoo 700 Tta 1200 H.
Cromna moeneit Oyjia XXopcTKo 3akpirieHa. CxeMa HaBaH-
TaxKeHHsI MoJiesiell HaBeJeHa Ha puc. 3.

JI1st MOpiBHSIHHS HaANpy:KeHO-Ie(POpPMOBAHOIO CTaHY
MoJiejieli BM3HAYalM MaKCHMaJbHi BEJIMYMHU Harmpy-
JKeHb B TIPOKCMMAaJIbHOMY Ta IHUCTaJlbHOMY (hparMeHTax
BEJIMKOTOMIJIKOBOI KiCTKH, Y 30Hi IIEPEJIOMY, Y MEeTaJIeBili
KOHCTPYKIIii Ta B KiCTKOBilf TKAHWHI HaBKOJIO (hiKCYIOUUX
TBUHTIB.

JlocnimkeHHs Moie/iel BUKOHYBAJIM 3a JOIIOMOTOIO Me-
TOMY CKiHUYEHHUX eJIeMEeHTiB. SIK KpuTepiii OLliHK1 HaIpy-
JKE€HO-1e(hOPMOBAHOTO CTaHy MoJesieli BUKOPUCTOBYBATU
HanpyxkeHHs 3a MizecoM [6].

MogaentoBaHHSI BUKOHYBaJIM 3a JOIMOMOTOI CHUC-
TEMH aBTOMAaTH30BaHOTO IpoeKTyBaHHI SolidWorks;
pO3paxyHKM HaMpyXeHOo-1ehOopMOBAHOIO CTaHY MO-
neneil — 3a JAOMOMOIOI0 TPOrpaMHOTO KOMILIEKCY
CosmosM [7].

Tabnuusa 1. MexaHi4yHi xapakTepucTukmu Mmatepiasis, LLO BUKOPUCTOBYBAJIN NMPU MOLAEJIIOBaHHI

Marepian Mo.n,ynlt\.’I Ircl):ra (E), Koed)iu.ieu'; MyaccoHa,
KopTukanbHa KicTka 18 350 0,29
lybuacTa KicTka 330 0,30
XpswoBa TKaHUHA 10,5 0,49
KicTkoBuin pereHepar 1,00 0,45
TutaH BT-16 1,1 - 10° 0,2
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PesyAbTaTH

IlepmuM eTanmoM poOOTH BMBYAIM HAIPYKEHO-I€-
¢opMOBaHMI CTaH MOJeJeil TOMIJIKU 3 MepeIOMOM Be-
JIMKOTOMIJIKOBO1 KiCTKM B CEpEeAHili TPETUHI MPU Pi3HUX
BapiaHTaXx OCTEOCHUHTE3Y ITi/Ji BIJIMBOM OCbOBOTO CTHC-
Karw4oro HaBaHTaxXeHHs BeianunHoto 700 H. Posmonin
HaIpyXeHb B MOJEJi TOMIJIKM 0e3 TepesioMy HaBeJIeHO
Ha puc. 4.

PesynbraTi MozmetoBaHHS TTOKa3aju, 1110 B HOPMi MaK-
CUMaJlbHi HaIpyXeHHs BeanunHowo 5,2 MIla BuHMKa-
I0Tb B JUCTAJIbHOMY KiHIIi BeJIMKOTOMIJIKOBOI KicTKu. Ha
MPOKCUMAJIbHOMY KiHIIi HaIpy:KeHHSI AEI0 HYDKYi i BU-
3HavaloThcs Ha piBHI 3,4 MIla. HaliHukuuii piBeHb Ha-
npyxeHb — 2,6 MIla — y cepenHiii TpeTHHi miadiza Benu-
KOTOMIJIKOBOI KiCTKH.

Ha puc. 5 HaBeneHa KapTUHA PO3MOILTYy HAIpPy>XXeHb B
MOJIeJIi TOMIJIKM 3 TIE€PEeJIOMOM BEJIMKOTOMIJIKOBOI KiCTKM
B cepeHiii TpeTuHi Ta octeocuHTe3oM A3D i cTucKao-
YMM HaBaHTaxXeHHsIM BeanmanHoio 700 H.

ITpu BukopucrtanHi ocreocunte3y A3®M npu nikyBaH-
Hi TIepeIoMiB BEJIMKOTOMIJIKOBOI KiCTKM B CEpeaHiii Tpe-
TUHI Ta HAaBAHTAXEHHI KiHLIBKM Macolo TiJla MauieHTa
70 Kr MaKCUMaJIbHU piBeHb HanpyxkeHb 13,2 MIla crio-
CTEpPIraeTbcsl B IUCTAIIBHOMY (DparMeHTi BEJIUKOTOMi-
KOBOI KiCTKU. Y MPOKCUMAJIIbHOMY BiJi1i Halpy>KEeHHS
He TepeBUIyoTh mo3Hauku 2,5 MIla. HaitHuxuuii pi-
BeHb HanpyxeHb 0,7 MIla Bu3HauaeTbcs B 30Hi Mepesio-
My. Y 1aHOMY BUMAAKY 3a HU3bKUI PiBEHb HAIPYKEHD B
30Hi MepeoMy JOBOAUTHCS PO3ILJIauyBaTUCS BUCOKUMU
HaIpyXeHHSIMU Ha ejqeMeHTax A3D — no 133,7 MIla ta
Ha KpaliHix ¢gikcyrouux ctpuxkHax — po 30,0 MIla, mo
00yMOBJIEHO TOBTMMM BaxKeJISIMU, IKUMU € caMme (iKcy-
[04i CTPUKHI.

PosrnsgHeMo HanpyxkeHo-neopMoBaHUI CTaH MoOJei
TOMIJIKY 3 TIEPEeJIOMOM BEJIMKOTOMIJIKOBOI KiCTKU B CEepe/l-
Hill TpeTHUHI Ta OCTEOCMHTE30M HaKiCTKOBOIO TUIACTUHOIO
MiJ CTUCKAYMM HaBaHTaXeHHAM BeanumHoro 700 H,
SIKWI HABEIEHWIT Ha pucC. 6.

IIpn octeocwHTEe3i HAKICTKOBOIO ILIACTUHOIO 30HA
MaKCUMaJIbHUX HaMpyKeHb 3MIllIA€ThCS B 30HY Iepesio-
My, J€ HaIlpyXeHHS cAraloTh 3HaYeHHs 26,5 MIla. Ha-
MPYXEHHS B NUCTAJILHOMY Ta MPOKCUMalbHOMY (par-
MEHTaX BEJIMKOTOMIJIKOBOI KiCTKM BHU3HAYalOTbCS Ha
oaHakoBoMmy piBHi — 7,8 ta 7,3 MIla BinnosinHo. Ha-

BKOJIO (DiKCYIOUMX TBUHTIB HAIIpy*KE€HHS 3HAYHO HMXKYI,
HixX pu octreocuHTe3i A3D, i He NMepPeBULLYIOTh TO3HA-
yku 8,1 MIla, ane cama nmiaacTuHa BUIIPOOYE BxKe BUCOKI
HaBaHTaXeHHS, MPO IO CBiMYNTh BUCOKMI piBeHb Ha-
npyxeHnb — 227,5 MIla. lle € pe3yabTaToM 0MHOOIYHOTO
po3TallyBaHHS MJIaCTUHM Ha KiCTIIi.

Ha puc. 7 BimoOpaxXeHO pO3IOIil HaIllpyXXeHb B MO-
JIeJli TOMIJIKA 3 TIePeIOMOM BEJIMKOTOMiJIKOBOI KiCTKU B
CepeHiil TPeTUHI Ta OCTEOCHMHTE30M iHTpaMeayJIsipHUM
CTPMIXKHEM MiJl CTUCKAIOYUMM HABaHTAXEHHSIM BEJIWYU-
Hoto 700 H.

30BCiM MO-iHIIOMY TOBOIUThH cebe MOJEb BEJIUKO-
TOMIJIKOBOI KiCTKM IIpH ii IIepesioMi B CepemHiil TpeTUHi
3 OCTEOCHUHTE30M iHTpaMemyJlsspHUM CTpUKHeM. Takuii
BUJI OCTEOCUHTE3Y NTO3BOJISIE OTPUMATH 3HWXKEHHS PiB-
HsI HaIlpy>keHb B KiCTKOBiil TKAHMHI, 1110 MEHIIUI HaBiTh
3a MOKa3HUKU Mojesi B HopMi. Tak, y aucTaJibHOMY Ta
MPOKCHUMaJIbHOMY (hparMeHTax KiCTKU Hanpy>XKeHHS BU-
3HavaloThes Ha piBHi 3,4 ta 2,9 MIla BignosinHo. Y 30Hi
rnepesioMy HarpyXeHHSI 3HUXKYIOTbCS MpakTu4dHo 1o 0 i
craHoBysATh 0,1 MITa. Tex came criocrepiraetbes i Ha-
BKOJIO (hiKCYIOUMX TBUHTIB, /Ie piBEHb HAMPYXeHb HE Te-
pesuye 1,4 MIla.

JaHi 1momo MakKCUMaJIbHUX 3HaueHb HATpy>KeHb B eJie-
MEHTaX MoJejell TOMUJIKK 3 TepeIOMOM BEJIUKOTOMIJIKO-
BOI KiCTKM IPU Pi3HUX BapiaHTaX OCTEOCUHTE3Y ITiJl CTUC-
KalouMM HaBaHTaxeHHsIM BeaumyuHow 700 H HaBeneHi B
TaoJ. 2.

HaoyHO TOpIBHATM BEJIMYMHMU HAIpYyXeHb Ha
pi3HUX eJleMeHTax MOJeJieii TOMIJIKM 3 MepeIoMOM
BEJIMKOTOMITIKOBOI KIiCTKM TIpW PIi3HUX BapiaHTax
OCTEOCHHTE3Y ITiJi CTUCKAIOUMM HaBaHTaXEHHSIM Be-
mumanHoo 700 H MoxXxHa 3a momoMorolio giarpaMmu, siKka
HaBeJeHa Ha puc. 8.

Sk 6aunmo Ha puc. 8, OCTEOCHHTE3 BEJIMKOTOMiIKOBOI
KiCTKM HaKiCTKOBOIO IJIACTUHOIO TIPU MePeIoMax B cepe/-
Hill TPeTUHIi MOKa3ye HAWTipIli MOKa3HUKU BEJIWYMH Ha-
MPYXEHb B TPhOX i3 IT'SITU CETMEHTaX MOjieJli, 0COOJIMBO B
30Hi TIEpeJIoMy Ta caMme Ha IUIaCTHHI.

PosrisineMo, K MOBOASITh cebe MOjei OCTEOCUHTE3Y
BEJIMKOTOMIJIKOBOI KiCTKHU 3 TIEpeJIOMOM B 1 cepenHili Tpe-
THHI TIpY TiABUIICHHI HaBaHTaxeHHs 10 1200 H, 1o Bin-
noBigae Maci Tina nauieHrta 120 xr. Po3nonin HanpyXeHb B
MoJesi 6e3 repesioMy HaBeieHO Ha puc. 9.

Tabnuusa 2. Benn4nHn MakcumMmasibHUX HarnpyxxeHb B eJIeMeHTax Mogesieli roMisiku 3 nepesioMmomMm
BeJINKOroOMiJIKOBOI KiCTKU nNpy pi3HUX BapiaHTax OCTe@OCUHTEe3Y MNif CTUCKaOYUM HaBAHTa)XX€HHSIM
BesinynHoio 700 H

HanpyxeHnHs, MIMNa
Bioain
Hopma A3D MnacTtuHa CTpuxeHb
MpokcumanbHui 3,4 2,5 7,3 2,9
AdncTtanbHnin 5,2 13,2 7,8 3,4
30Ha nepenomy 2,6 0,7 26,5 0,1
KoHcTpyKuisa 133,7 227,5 73,2
Bxin rBuHTIB 30,0 8,1 1,4
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1]

PucyHok 1. BaszoBa CKiH4eHHO-e/leMeHTHa MOA4eJIb rOMIJIKU: a — 3arasibHuvi Burnag; 6 — eurnag
3 MegianbHOro 60Ky; B — BUrnag 3 1atepasibHoro 60Ky; r — BUrnsg cnepeay; o — Burnsg 33agy

r A

a (] B
PucyHok 2. Mogeni nepesioMmy BeJIMKOrOMIJIKOBOI KiCTKv B cepenHin PucyHok 3. Cxema
TPeTuHi 3 octeocuHTe3aom: a — A3®D; 6 — HaKicCTKOBOIO NIaCTUHOIO; HaBaHTa)XX€HHS
B — IHTpameaynsspHUM CTPVDKHEM mMmogeneii

O—‘-I\JWLU‘IG}"-JO’J{DB

ﬂ 200
a 6 B

PucyHok 4. KaptuHa po3noginy Hanpy)eHb B MOA4EJ1i rOMIJIKU B HOPMi Nig CTUCKaOYUM HaBaHTa)K€HHSIM
BenunyumHoto 700 H: a — 3aranbHuii Burnsg; 6 — cepeguHa giagisa; B — po3TnH BeIMKOroMisikoBoi KicTku
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AEN

PucyHok 5. KapTuHa po3anoainy Hanpy>xeHb B MOA4eJ1i rOMiJIKu 3 mepesioMOM BeJINKOroMisIKOBOI KicTKu
B cepeaHivi TpeTuHi Ta octeocuHTe3om A3®P nig cTuckaroYnmMm HaBaHTaXXeHHSIM BesindnHoto 700 H:
a — 3aranbHuii Burnsg; 6 — 30Ha nepesioMmy; B — PpO3TUH BEJINKOroOMi/IKOBOT KiCTKU

ﬂ I l m
a o B

PucyHok 6. KapTtuHa po3noginy Hanpy>eHb B MOAEJ1i rOMIJIKA 3 NepesioMOM BEeJINKOrOMIJIKOBOI KiCTKU
B cepeaHivi TpeTUHIi Ta 0CTEeOCUHTE30M HaKiCTKOBOIO MJ1IaCTUHOIO Mif CTUCKAIOYUM HaBaHTa)keHHSIM
BesimynHoto 700 H: a — 3aranbHuii BUrnsag; 6 — 3o4Ha nepesiomy; B — PO3TUH BEJINKOrOMIJIKOBOT KiCTKU

I | |
a 6 B

PucyHok 7. KapTuHa po3noainy Hanpy>xeHb B MO4eJ1i rOMiJIKU 3 mepesioMOM BeJINKOrOMiJIKOBOI KiCTKu
B cepeHili TPeTUHI Ta OCTeOCUHTEe30M iIHTpaMeay/ISPHUM CTPV)KHEM Mif CTUCKaYUM HaBaHTa)XX€HHSIM
BenunyuHoto 700 H: a — 3aranbHunii Burnsg; 6 — 30Ha nepesioMmy; B — PpO3TUH BEJINKOroMiJIKOBOI KicTku

o—tmw-hcnmxlm(oa

O—‘I\JOJ-h-U‘IG)'\ImCDa‘
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MpokcumanbHuia [uncTanbHuii 3oHa nepenomy KoHcTpykuis Bxig rBuHTiB

Hanpy>xeHHs, MIMa

Bipain mogeni
B Hopma M A3 M lMnactmHa M CTpuxeHb

PucyHok 8. [liarpama BesinYnH MakCUMaJibHUX Harnpy>XeHb B eJIeMeHTax MoAes1er roMisikv 3 nepesioMmom
BeJINKOroOMiJIKOBOI KiCTKU nNpuy pi3HUX BapiaHTax OCTeOCUHTE3Y MNif CTUCKaIDYUM HaBaAHTa)XXeHHSIM
Besnm4nHow 700 H

J 1]

PucyHok 9. KapTuHa po3noginy Hanpy>xeHb B MOAEJ1i rOMiJIKM B HOPMI Mg CTUCKaOYUM HaBaHTa)keHHSIM
BenunymHoto 1200 H: a — 3aranbHnii BUrnsg; 6 — cepenuHa giagiza; B — po3TuH BE/IMKOroMisIKOBOi KicTkun

101

PucyHok 10. KapTuHa po3anoginy Hanpy>eHb B MOAeJli FOMIJIKU 3 nepesioMOM BeJINKOrOMIJIKOBOI KiCTKu
B cepeaHiii TpeTuHi Ta octeocnHTeaom A3®D nig cTtuckaroYmm HaBaHTaXKeHHSIM BesindnHor 1200 H:
a — 3aranbHuii Burnsg; 6 — 3oHa nepesioMmy; B — PO3TUH BEJINKOrOMI/IKOBOT KiCTKU

200

O—‘I\JDJAU'IG)‘-IUJCCS

200
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200
(4] B i

PucyHok 11. Kaptuna po3noaginy Hanpy>xeHb B MOA4€eJ1i rOMiJIKu 3 nepesioMOM BEeJINKOrOMiJIKOBOI KiCTKu
B cepeHiii TPeTUHIi Ta OCTEeOCUHTE30M HaKiCTKOBOIO M/1aCTUHOIO MNif CTUCKAaIOYNM HaBaHTa)XXeHHSIM
BenunymHoro 1200 H: a — 3aranbHnii BUrnsg; 6 — 30Ha nepesioMmy; B — PO3TUH BEJIMKOroOMIJIKOBOI KicTKu

i 200
6 B

PucyHok 12. KapTuHa po3anopginy Hanpy)eHb B MOAEeJ1i rOMiJIKu 3 nepesioMOM BEJINKOrOMIJIKOBOI KiCTKU
B cepeaHiv TPeTUHIi Ta OCTEeOCUHTEe30M iHTpaMeay/ISPHUM CTPY)KHEM Mif CTUCKaYUM HaBaHTa)XXe€HHSIM
BenunymHoro 1200 H: a — 3aranbHnii BUrnsg; 6 — 30Ha nepesioMmy; B — PO3TUH BEJINKOroMiJIKOBOI KicTku

D—‘MWLU'IG)‘%OUCDS

O—‘I\)E.O-IhU'IO)‘-JUJCDa‘
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HanpyxeHHs, MIla

100
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MpokcrmanbHuit [vcTanbHun 30Ha nepenomy KoHcTpykuis Bxin remHTiB

Bipain mopeni
B Hopma M A3® M [lnactnHa M CTpuxeHb

PucyHok 13. Qiarpama Besin4ynH MakcumasibHUX Harnpy>XeHb B eJIeMeHTax MoAesieii roMiJikv
3 nepesioMoOM BeJINKOroMiJIKOBOI KiCTKM NPy Pi3HNUX BapiaHTax OCTE@OCUHTEe3Yy Nif CTUCKAIYUM
HaBaHTa)xeHHsM BesinynHoro 1200 H
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ITinBuilleHHs BeJMYMHU HaBaHTaxeHHs no 1200 H
MPU3BOIUTH 10 MiBUILIEHHS BEJIUUUH HAMPYXEHb Y BCiX
eJleMeHTax Mopesi. Tak, MaKCHUMallbHi Halpy>XeHHS
BesnuuHow 8,9 MIla BU3HAYalOThCSl HA AUCTAIBHOMY
KiHIIi BEJIMKOTrOMiJIKOBOI KicTku. Ha mpokcumanbHOMY
KiHIi MaKCMMaJlbHi HalpyXX€HHS BU3HAYAIOThCS Ha PiB-
Hi 5,8 MIla. Haiinuxuwuii piBeHb HanpyxeHb 4,5 MIla
CMOCTEpITaeThbCs B CEpeHill TpeTuHI aiadiza BEJIUKOTO-
MiTKOBOI KiCTKH.

PosrnsiHeMo, sIK BIUIMBA€E MiABUILIEHHS HaBaHTaXEH-
Hsl Ha MOJIeJIb TOMIJIKM 3 TIepeJIOMOM BEJTMKOTOMIJIKOBOL
KICTKHU B cepelHiii TpeTuHi Ta ocreocuHTe3oM A3M. Ha-
npyXeHo-ae(GopMOBaHUI CTaH MO BitoOpaxXeHo Ha
puc. 10.

IIpu BukopucraHHi ocreocunTesy A3M mpu JiKyBaH-
Hi IepeIoMiB BEJIMKOIOMIJIKOBOI KiCTKM B CEpemHiil Tpe-
TUHIi 30UIbIIIEHHST BeJMYMHU HAaBaHTAaXXECHHSI Ha KiHIIiBKY
no 1200 H BUKJIMKAE MiABUILEHHS MaKCUMAaJIbHOTO PiB-
HS HampyxkeHb 10 22,6 MIla B aucraibHOMYy (parMeHTi
BEJIMKOTOMIJIKOBOI KiCTKU. Y MNpPOKCHMaJIbHOMY Biamimi
HampyxXeHHs 3pocTatoTh 10 4,3 MIla. ¥ 30Hi nepenomy
BEJIMYMHA HAMPYXXEeHb TAaKOX 301IbIIYETHCS, ajie 3aauiia-
€TbCS HA TOCUTh HU3bKOMY piBHI — 1,2 MITa. 3HauHe miza-
BUIILIEHHSI PiBHS HaTpykeHb 110 229,2 MIla Takox criocTe-
piraetbcst Ha egemeHTax A3M Ta Ha KpaiiHix (Bikcyrounx
cTprkHIX — 1o 51,4 MITa.

Ha puc. 11 BimoOpaxkaeTrbcsa HampyxkeHO-aedopmMoBa-
HUI CTaH MOJEJi TOMIIKM 3 MepejoMOM BEJIUKOTOMII-
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PucyHok 14. Ipagikv 3ane>XxHOCTi BeJINYNH Hanpy>keHb B MOA4eJli BeJINKOrOMi/IKOBOi KiCTKU
npw ii nepenomi B cepenHivi TPeTUHI Ta pi3HUX Bugax OCTeOCUHTEe3Y Bif Macu Tina nayieHra:
a — y npokcumasibHoMy ¢pparmeHTi; 6 — y aucTanbHOoMy pparMeHTi; B — y 30Hi nepesiomy
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PucyHok 15. Ipagik 3anexxHoCTi BesINYNH Hanpy>xeHb B e/IeMeHTax MeTasnieBUX KOHCTPYKLiA

i HaBKOJ10 piKCYIOYUX rBUHTIB Y BEJINKOrOMIJIKOBIH KicTLi npy ii nepesiomMi B cepeHivi TpeTUHI Ta pi3HUX
BUAax OCTEOCUHTEe3Y Bif Macu Tina nayieHTa: a — B eleMeHTax KOHCTPYKLii; 6 — HaBKoJ10 gikcyroymnx

FBUHTIB Ta CTPVDKHIB
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Ta6auua 3. Benn4nHn MakcumMasibHUX HarnpyXxeHb B eJIeMeHTax Mogesieli roMisiku 3 nepesioMmomMm
BEJINKOroMisIKOBOI KiCTKU rnpv Pi3HUX BapiaHTax OCTE€OCUHTE3Y Mif CTUCKAIOYUM HABAHTa)XXEHHSIM
BesnunyuHoro 1200 H

HanpyxeHHs, MINa
Biogin
Hopma A3D MnactuHa CTpuxeHb
MpokcnmanbHuin 5,8 4,3 12,5 5,0
AdnctanbHnii 8,9 22,6 13,4 5,8
30Ha nepenomy 4.5 45,4 0,2
KoHcTpykuis 229,2 389,9 125,5
Bxig renHTiB 51,4 13,9 2,4

KOBOI1 KiCTKM B CEpeIHiil TPEeTUHi Ta OCTEOCMHTE30M Ha-
KiCTKOBOIO IIJIACTUHOIO TTifl CTUCKAIOYMM HaBaHTaXKEHHSIM
BesuuuHowo 1200 H.

AHaJIOTiYHiI 3MiHM HaIpyXeHO-1e(OPMOBAHOTO CTaHY
BiIOYBalOThCSI i B MOJIE/Ii 3 OCTEOCMHTE30M HaKiCTKOBOIO
IJIACTUHOIO. 30HAa MaKCUMAJIbHUX HAIpPYXEeHb 3aTMIIAETh-
csl B IISIHILI TTepesioMy, JIe HATIPYXKEHHSI CSATat0Th 3HAUEHHS
45,4 MIla. HanpyxeHHsI B IUCTaJIbHOMY Ta IPOKCUMAJIb-
HOMY (parMeHTax BeJIMKOTOMIJIKOBOI KiCTKU ITiABUIIYIOTh-
cst 1o 13,4 Ta 12,5 MIla BinnoigHo. HaBkosio ikcyrounx
TBUHTIB MAaKCUMAaJIbHI 3HAYEHHS HaIPYXXeHb 3pOCTAIOTh 10
no3Hauku 13,9 MIla, aje 1ie OibIIi HaBaHTAaXKEHHST BUHM -
KaloTh B HaKiCTKOBIlf 1actHi — 389,9 MIla.

OcTaHHIM eTaroM pO3MISTHEMO PO3IOAi HaNpyXeHb B
MOJIeJIi TOMIJIKM 3 MEepeIOMOM BEJIMKOTOMIJIKOBOI KiCTKHU
B CEpellHill TPETUHI Ta OCTEOCUHTE30M iHTpaMeIyIIpHUM
CTPUKHEM TIijl CTUCKAIOUMM HaBaHTAXEHHSIM BEJIMUMHOIO
1200 H, sxuii HaBeaeHoO Ha puc. 12.

Monenb BeIMKOroMiJIKOBOI KiCTKU IpH 1i epesoMi B ce-
penHilt TpeTUHI 3 OCTEOCUHTE30M iHTpaMEeLyISIPHUM CTPYXK-
HeM Ha MiABUIIEHHST CTUCKA0YOro HaBaHTaxkeHHs 10 1200 H
BiIMOBiZa€e Tak caMo, SIK i mornepeaHi Moaesi, — IiABUILICH-
HSIM piBHSI HaIlpy>XeHb Ha BCiX eleMeHTax. Tak, y IucTaib-
HOMY Ta MPOKCUMaTbHOMY (hparMeHTaX KiCTKM MaKCUMaJIbHi
HampyKeHHS 30UTbIIYIOThCS 10 5,8 Ta 5,0 MIla BimmosigHo.
V 30HI niepesIoMy HaIpyKeHHS TaKOXK ITiIBUIIYIOTbCSI BIBi-
4i, ajie 3aMIIaThes myxke Hu3bkuMu — 0,2 MIla. Te came
CIIOCTEPIra€eThcsl i HABKOJIO (PIKCYIOUMX T'BUHTIB, [Ie PiBEHb
HanpyXeHb He niepeBuiiye 2,4 MIla. HanpykeHHsI B caMoMy
CTPVKHI cATaroTh mo3Hauku 125,5 MIa.

VY tabs1. 3 HaBeneHi JaHi 010 BEJIMYMH MaKCUMAaJIbHUX
HanpyXeHb B eJIeMEHTax MOJeJell TOMIJIKA 3 TIepeIOMOM
BEJIMKOTOMIJIKOBOI KiCTKM TIpM Pi3HUX BapiaHTax OCTEO-
CUHTE3y TMill CTUCKAaIUMM HaBaHTaXEHHSIM BEJIMYMHOIO
1200 H.

71 3py4YHIIIOro MOpiBHSIHHS BEIWYMH HaIlpy>KeHb Ha
Pi3HUX eJIeMEeHTaX MOJeJei TOMIIKHU 3 TIepeIOMOM BEIM-
KOIOMIJIKOBOI KiCTKM IPU Pi3HUX BapiaHTaX OCTEOCHUHTE-
3y Mill CTUCKAIOUMM HaBaHTaXXEHHSIM BeauurHowo 1200 H
Oyna nmoOynoBaHa Jiarpama, sika HaBeleHa Ha puc. 13.

SIk 6aummo Ha puc. 13, ipu 30iIbIIIEHH]I HABAaHTaXKEHHS
Ha TOMiJIKY OCTEOCHHTE3 HaKiCTKOBOIO TUIACTMHOIO TTOKa-
3y€ HAUTIpII pe3yJbTaTh 3 TOYKHU 30py PO3MOIITY HArpy-
JKE€Hb caMe B 30Hi epeyiomy.

JIns1 HaOYHOTrO YSIBJIEHHS 3MiH BEJIMYMH HaIlpyXkeHb B
€JIeMEeHTaX BEJIMKOTOMIJIKOBOI KiCTKM MpH il IepesioMi B ce-
pEeHiii TPETHUHI Ta Pi3HMX BUIAX OCTEOCUHTE3Y BiJ MacH Tija
nauieHTa 6iyi modynoBaHi rpadikuy, sIKi HaBeneHi Ha puc. 14.

Sk 6aunmo, 3MiHM BEJIMUMH HAIpyXeHb B KiCTKOBIi
TKaAHWHI 3aJIeXXHO Bill Macy Tijia TallieHTa MaloTh JIiHii-
Hy 3anexHicte. [Ipu upomy A3®D Tta iHTpamemyasspHUA
CTPUXEHb 3a0€3MeUyIOTh 3HUKEHHSI BETMYMH HATIPYXeHb
B 30Hi IIepeIoMy HIDKYEe PiBHS MOKA3HMKIB IUIST HEYIIKO-
IKeHOo1 KicTku. HakicTKkoBa IlacTMHA MOKa3ye 3HAuYHO
TipIli TOKAa3HUKU PiBHS HAMpyXeHb K B 30Hi Mepeaomy,
TaK i MPOKCUMAJIbHOMY BiJili BEJIMKOTOMIiJIKOBOI KiCT-
KU. Y IMCTaIbHOMY BillIisli HAWBUIIMIA PiBEHb HANIPY>KEHb
BU3HAYAETHCS B Mozei 3 octeocuHTe30M A3D. Lle moxke
OyTW HacCJIiIKOM 3HAYHOI Baru camoro ariapara, sika, Ji-
OUM Yepe3 JOBUI BaXijib HUKHBOTO (PIKCYHOUOTO CTPUK-
H$l, 30IACHIOE TOIaTKOBE HABAHTAXKEHHSI HAa JTUCTAIbHUI
KiHelb BEJIMKOTOMIJTKOBOI KiCTKHU.

I'padixm, ki HaBemeHi Ha puc. 15, IEMOHCTPYIOTh 3a-
JIEKHICTh BEJIMUMH HAIpyXXEHb B €JIEeMEHTaX MeTaJleBUX
KOHCTPYKIIili TPpU OCTEOCUHTE3i BEJIMKOTOMiJIKOBOI KiCTKI
3 MIepeJIOMOM B CEpeHil TpeTHHi 3aJIeXKHO Bil Macu Tijla
nalieHra.

Takox $IK i B KiCTKOBiii TKaHWHi, y Me€TaJeBUX KOH-
CTPYKILiSIX BEIMYMHU HATIPYKEHb MPSIMO TTPOTOPIIIAHO 3a-
JIexxaThb Bill Macu Tia mainieHta. HaitGinbii HanpyKeHHst
BMHUKAIOTh B HaKiCTKOBill ruractuHi. lle oOymoBieHO ii
ONHOOIYHMM HaKJIaJaHHSIM Ha KiCTKY, 110 TpYM HaBaHTa-
JKeHHI KiHIIiBKM BUKJIMKAE JOJATKOBUI 3TMHAIOYUIA MO-
MeHT. HaBkoso (ikcyrouux IBUHTIB i CTPMIKHIB HaWBUILIL
HaIpyKeHHSI BU3HAYAlOThCs TpU BUKOpUcTaHHI A3dD Ha
HWXHBOMY CTpUXHi. [IpMurHy MU BxXe MOSICHIOBAJIA — 1I€
Bara amapata Ta JOBXWHA CTPUKHIB.

BUCHOBKMU

1. Haiiripiii moka3HUKM piBHS Hampy>KeHb B 30Hi Ie-
penomy (Bim 26,5 o 45,4 MIla) Ta MeTasieBOi KOHCTPYKIIil
(Bim 227,5 no 389,9 MIla) Bu3HaueHO MPU BUKOPUCTAH-
Hi HaKiCTKOBOI TUTACTUHM, IIIO € HACJIIKOM BUHUKHEHHS
JIOIATKOBOTO 3TMHAI0YOr0 MOMEHTY B pe3yJibTaTi ii 0JTHO-
OiyHOro posrtamryBaHHs. PaHHI HaBaHTaXXeHHS B JaHOMY
BUIAIKY MOXYTh CTaTU NMPUYMHOIO 3rMHAHHS TUIACTHUH i,
SIK HACJIiIOK, HeIIPaBWILHOIO 3pPOIIEeHHS (pparMeHTIiB Be-
JINKOTOM1JIKOBOI KiCTKH.
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2. OcteocuHTe3 3a goromoror A3M 3abe3nedye IT0CUTh
HU3bKUIi piBeHb HarpyxeHs (Bin 0,7 o 1,2 MTIla) B 30Hi epe-
JIOMy, aJie HeJIOJIKOM € BUCOKIi1 piBEHb HaITPy>KeHb Ha CAMOMY
araparti (Bix 133,7 00 229,2 MIla) Ta B muctajibHOMY BiJliiii Be-
JIMKOTOMIJIKOBOI KicTKH (Bin 13,2 no 22,6 MI1a), 1110 1moB’si3aHe
3 TOBXWHOIO BaXKeJIiB, IKMMHU € (DiKCYIOUi CTPYXKHI.

3. HaliHk4i moKa3HUKM HAIIPyKeHb Y BCiX eleMeHTax
MojieJli BU3HAYal0ThCs MPY BUKOPUCTaHHI OCTEOCUHTE3Y iH-
TpaMenyJISIpHUM CTPUKHEM, 1110 OOYMOBJIEHO LIEHTPAJIbBHUM
pO3TalllyBaHHSIM OCHOBHOI OIMOPM 3a BiCCI0 HaBaHTAXKEHHS
Ta KOPOTKMMMU BaXKeJISIMU, IKUMU € (PiKCyIoUui TBUHTU.

4. OyHKIS 3a7eXHOCTI BEIMUYMHU HAINpyXeHb B efe-
MEHTaX MOJIEJIi € JIIHIMHOIO Ta MPSIMO MPOIMOPLIAHOIO.

Konduikr inTepeciB. ABTopu 3asBISIOTH TIPO BIICYT-
HIiCTb KOHMUIIKTY iHTEpeciB Ta BiacHOI (hiHaHCOBOI 3alli-
KaBJICHOCTI ITPY MiATOTOBI JaHOI CTATTi.
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Investigation of the stress-strain state of the tibia model with a fracture of the middle third
of the tibia in different variants of osteosynthesis under conditions
of increasing compressive load on the implant-bone system

Abstract. Background. In the general structure of injuries, frac-
tures of the bones of the lower extremities account for 47.3 %. Of
these fractures, in the first place are the diaphyseal fractures of the
shin bones, accounting for 45—56 %. The course of the fusion pro-
cess has certain features in a third of cases, which are associated with

excess weight. The purpose was to carry out a comparative analysis of
the stress-strain state of the models of the tibia with a fracture of the
tibia under the influence of a compressive load with different vari-
ants of osteosynthesis and depending on the patient’s weight. Ma-
terials and methods. A basic finite element model of the tibia was
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developed, which contained the tibia, fibula, and foot bones. In all
joints, an interlayer was made between the bone elements with the
mechanical properties of cartilage tissue. A fracture in the middle
third of the tibia and three types of osteosynthesis were simulated
using an external fixation apparatus, extramedullary plate, and intra-
medullary nail. All models were tested under the influence of verti-
cal compressive loads of 700 and 1200 N. Results. Changes in tissue
stress values depending on the patient’s weight have a linear relation-
ship. An external fixation device and an intramedullary nail provide
a decrease in the stress values in the fracture zone below the level
of indices for an intact bone. The extracorporeal plate shows sig-
nificantly worse indicators of the level of stress, both in the fracture
zone and in the proximal tibia. In the distal region, the highest stress
level is determined in the model with osteosynthesis with an external
fixation device. In metal structures, the greatest stresses arise in the
extramedullary plate. Around the fixing screws and rods, the highest
stresses are determined when the apparatus is used on the lower rod.

Conclusions. The worst indicators of the stress level in the fracture
zone (from 26.5 to 45.4 MPa) and in the metal structure (from 227.5
to 389.9 MPa) were determined using an extra-bone plate, which
is a consequence of the appearance of an additional bending mo-
ment as a result of its one-sided arrangement. Osteosynthesis using
an external fixation device provides a fairly low level of stress (from
0.7 to 1.2 MPa) in the fracture zone, but the disadvantage is a high
level of stress on the device itself (from 133.7 to 229.2 MPa) and
in the remote department tibia (from 13.2 to 22.6 MPa), which is
associated with the length of the levers, which are the fixing rods.
The lowest stress indices in all elements of the model are determined
when using osteosynthesis with an intramedullary nail, which is due
to the central location of the main support along the load axis and
short levers, which are fixing screws. The function of the dependence
of the magnitude of stresses in the elements of the model is linear and
directly proportional.

Keywords: osteosynthesis; tibia; middle third; weight
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IrHateeB O.M.", TypumH M.1.", EpmoneHko T.0.7, KiumapeHko O.A.?
'Opaecbkuit HALIOHAAbHW MeAnYHUM yHiBepcuTeTt, M. Oaeca, YkpaiHa
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AiOQrHoCTUKA OCTEOMOAASILIT 1 OCTeonoposy
B XXIHOK Y NTOCTMEeHOoNAya3i

Pesiome. Hessaxkaroum HQ MOAIGHUM KAIHIYHME PE3YALTAT (MEPEAOMM), MOPGOCTOYKTYDHI, €TIOAOrYHI TQ NATo-
FreHEeTNYHI XaPAKTEPUCTUKI OCTEONOPO3Y M OCTEOMQAASILT SIKICHO BIAPI3HSIKOTLCSI, | CXEMM AIKYBQHHST MoV AQHNX
CTQHAX OYAYTb PISHUMU. AAST BUKAKOYEHHST AIQrHOCTUYHOI MOMUAKW MePEA MPUSHAYESHHSIM AIKYBAHHST MALIEHTY
HeOobXIAHO MPOoBeCTU ANDEPEHLIQABHO-AIQrHOCTUYHI 30XOAM, LLIO BUSHAYQKOTb MOUYMHY 3HVDKEHHST MIHEDQABHOI
LLIABHOCTI KICTKOBOI TKQHMHM (MILLIKT). TTip, HQLLMM CrIOCTEPEXXEHHSIM nepebyBanm 65 XIHOK y NMoCTMeHOnayasi,
cepeAHiI BiK sikvx cTaHosumB 62,30 + 2,74 poky, 3i 3HmKkeHor MLLKT, sikim npoBeAn MOPGOAOTHHE AOCAIAKEHHS]
KicTkoBOI TkKQHMHM (KT) nis 4HOQC eHAOMPOTE3YBAHHS 3 MPUBOAY MELEAOMY LLUMVIKU CTErHOBOI KICTKI. [lpoBeAeHO
PEHTreHIBCbKka AeHCUTOMETPIs1 (ocTeoaeHcuTomeTp «Hologic Discovery» (CLUA)). @yHKLIOHAAbHY OLiHKY CTQHY
KICTKOBO-M ‘$130BOI CUCTEMU MPOBOAMAM 3Q AOMOMOIor anaparty «Insight™». BusHa4yaam piseHs BitamiHy D (25(OH)
D) y cuposarui kposi, octeonporerepuHy (OF1l), mapkep pe3opbuii KT C-TepMIHQAbHU TeAONENTUA KOAQreHy
1-ro iy (CTx). CTBOPEHO MATEMATUYHY MOAEAB, LLIO AO3BOASIE MPOrHO3YBATY 3HQYEHHST MOPOOAOTYHOro MoKAs-
HUKQ «BUCOKQ QYHKLIIOHQABHQO QKTUBHICT KAITWH KT» Moy OCTEOMAASILl TQ OCTEONOPO3i Yepes iHLLI — HANBIAbLL
MpPOCTI TA AOCTYHI — AQ6OPATOPHI NOoKA3HMKM (25(OH)D, CTx, OFIl), 30 AQHUMU PEHTTEHIBCHKOI AEHCUTOMETPII Ta

obcTexxeHHs Ha anapari «Insight™» (QabromeTpist vi iHKAIHOMETPIST).
KAIOHOBiI CAOBQ: TOCTMEHONQY3Q; OCTEOMAASILYS, OCTEONOPO3, AIQrHOCTUKA

Bctyn

Octeomanauiss (OM) — 1e CHUCTeMHMU IIaTOJIO-
TiYHUWI TIpolec, IO XapaKTepU3YETbCS 3HUXEHHSIM
MinHOCTi KicTkoBoi TKaHuHMu (KT) B pe3ynabTati Hamx-
MipHOTO HAaKOIIMYEHHSI HEMiHepaJi30BaHOTO OCTEOily
i HEBiAMOBIAHICTIO MiX yTBOPEHHSIM KiCTKOBOIO Ma-
TPUKCY Ta loro MiHepasizauieo. Haibiabir yacTto oc-
TeoMaJIslisl y JOPOCAUX PO3BUBAETHCSI BHACIIOK BU-
paxeHoro nediuuty Bitaminy D Oyab-sikoi eTiosorii. ¥
KJIiHIYHi# TpaKTUIli BTpaTy KiCTKOBOI Macu MOB’SI3yI0Th
3 po3BUTKOM octeonopo3y (OIl). Ognak OM Takox €
OPUYNHOIO 3HUKEHHST MiHepaJbHOI IIiIIBHOCTI KiCTKO-
Boi TkannHu (MILKT), mo cympoBOmXKyeTbCS 3pOC-
TaHHSIM PU3UKY MEepeoMiB i3 PO3BUTKOM IIPOILIECY
[1-3]. ¥ nopocnux noaei 1ieit mpoiiec yacTo nepeodirae
o6escumntoMHo [3, 4], ax i OIl, i npencrasise coboo
10 BUHUKHEHHS IepesioMy «6e3MOBHY» XBopoOy. [lpu
IIbOMY, He3BaXalouu Ha MOAIOHWU KIIHIYHUKN pe3ysib-
TaT (nepeyoMu), MOphOCTPYKTYPHi, €TiONOTiUHI Ta ma-

ToreHeTuuHi xapakrepuctuku OIl i OM skicHo Bimpi3-
HAIOThCA [4—6], i cxeMHu JTiKyBaHHS TP JAHUX CTaHax
OyAyTb PiZHUMU.

Meton peHTreHiBchbkoi aeHcutometpii (I EPA)
He a03BoJisie nudepeHliloBaTU MPUUYUMHU 3HUKEHHS
MIIKT (OIT i OM) [7, 8]. AEPA 3abe3neuye TinbKu
NiarHOCTUKY 3HUKEHHs KiCTKOBOI Macu 0 3aJaHUX
y MporpaMHOMY 3a0e3ledyeHHi nmpuiaay 3HauyeHb, 110
BinmoBimatoTk OIl abo ocTeomeHii, He3aJaexXHO Bim ma-
TOJIOTIYHOTO MpOlieCy, SIKUil BUKJIMKAB 1€ 3HUKEHHS
[9], To6To OII niarHOCTYIOThH i B Malli€HTIB 3i 3HUXEH-
HSM KicTKOBoOi Macu, Bukiukanum OM [10]. JEPA, mo
CYTi, € HE IiarHOCTUYHUM, a TIPOTHOCTUYHUM METOJA0M
MOCHiAXEHHS, 1110 J03BOJISIE OUIHUTHU TUIBKU CTYIiHb
pu3uky nepesomy [11]. st BUKIIOYEHHS AiarHOCTUY-
HOI TTOMWJIKU TIepe] MPU3HAYCHHSIM JIIKyBaHHS Talli-
€HTY HEOOXiHO TpoBecTH nudepeHIiaTbHO-TiarHOC-
TUYHI 3aX0Au, 110 BU3HAYAIOTh MPUUYUHY 3HUXKEHHS
MIIKT. Biomncis, HeoOxigHa g miarHocTuku OM, €
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iHBa3MBHOIO MaHIiMyJslli€lo, TOMYy aKTyajJlbHa po3po0-
Ka YiTKMX KPUTEpiiB, 11O BM3HAYAIOTh HEOOXiAHICTh il
BUKOHAHHS, a00 MPOTHO3yBaHHS 3Ha4YeHHSI MOpdo10-
TiYHOTrO MOKa3HWKa Yepe3 iHIIi — HaOUIbII MPOCTi Ta
IOCTYITHI — JIabopaTOpPHi ITOKAa3HUKU a00 MOKa3HUKU
3a JTaHUMU peHTreHorpadii 4 iHIIoro o0CTeXXeHHS.
MeTta po6OTH: HeiHBa3MBHA JIarHOCTHKA OCTEOMAJIsI-
il — MOXJIMBICTh CIIPOTHO3YBaTU 3HAYE€HHST MOpPdoIo-
TiYHOro ITOKAa3HMKA IPU OCTeOoMaJlsllii uyepe3 MOCTYIHi
J1abopaTopHi MOKa3HUKM, 3a JAaHUMM PEHTI€HiBCbKOI IeH-
CUTOMETPpIi Ta o0cTexXeHHs Ha anapaTi «Insight».

MarepiaAn Ta meToamn

Ilig HalMM CIOCTEPEXKEHHIM 3HAXOIUINCH 65 XiHOK
y moctMeHomnay3i (ITM), cepenHiii BiK SIKMX CTaHOBMB
62,30 £ 2,74 poky, IKUM MPOBEIM MOPGHOJIOTIYHE T0CTi-
mxkeHHsa KT 1o gac eHgonpoTe3yBaHHS 3 IIPUBOIY Ilepe-
JIOMY IIUHAKU CTETHOBOI KicTKHU. I3 HUX 55 maiieHToK, siKi
MPAIIOBAJIA B HECTIPUSITIIMBUX BUPDOOHUYUX YMOBAX, MaJIl
samkeHHs MILIKT (OIT — y 31 xinku, OM — y 24), 10
JKiHOK He MaJIM MeTabomiuHux posnaniB KT.

®parment KT 3abupanu 1ig yac ornepatMBHOIO BTPY-
yaHHs. ['oTyBanu HeaekaabLHoBaHi 3pizu KT. Jdocmimky-
BaJIv TicTOMOP(MOMETPUYHI MapaMeTpU YTBOPEHHS KiCTKM.
DyHKIIOHAIbHY aKTUBHICTD siaep KiaitTuH KT Bu3Havaiu
32 JJOMOMOTOI0 MeTOoAy AudepeHIiaTbHOro 3a0apBiaeHHS
Saep 3 pi3HOIO (QYHKIIIOHAJIBHOIO aKTUBHICTIO [12]. Y KoX-
Homy Bunanky aociimxysanu o 100 kiitun KT. [Mocriiini
TiCTOJIOTIUHI IperapaTy JOCiIKyBaIn 3a JOTIOMOIOIO Me-
TOMY CBITJIOBOI MiKPOCKOIIii i3 3aCTOCYBaHHSIM CBITJIOBOTO
Mikpockorny «CarlZeiss», MopdoOMETpUYHI TOCTIIKEHHS
MPOBOAWIM i3 3aCTOCYBAaHHSIM JIiLIEH3IlTHOTO IPOrpaMHO-
ro 3abesneuyeHHs «BugeoTecT-Macrep (Mopdonorus)»
(000 «BupneoTect»).

[1poBeneHa peHTreHiBChbKa IEHCUTOMETPist (OCTeOaeH-
cutomeTp Hologic Discovery (CLLHA)). dyHKIIiOHATBHY

OIIIHKY CTaHy KiCTKOBO-M’$I30BO1 CUCTEMHU MPOBOIUIIHU 3a
nmoroMoroio arapara «Insight™», OLiHOBaIM MMOKa3HU-
K1 enekTtpomiorpadii (eaekrpomiorpadiuyHa aKTMBHICTh
M’s13iB), anbroMmetpii (0071b0Ba YyTIMBICTH), TepMorpadii
(TemmiepaTtypa M’s13iB), iHKJIiHOMETpil (THyuKicTh XpeOTa) i
BapiabeIbHOCTI ceplieBOro puTMy (amanrailist 10 GhisuIHUX
HaBaHTaxXeHb (WPW)).

PiBens BiTaminy D (25(OH)D) y cupoBartiii KpoBi Bu-
BUAaJIM 33 JOIIOMOTO0I0 iMyHO(EPMEHTHOIO METOIY Ha aHa-
nizatropi EUROIMMUN (Himeuunna), mapkep pe3opoOirii
KT C-tepmiHanbHUII TEJIOMENTUI KOJAreHy 1-ro TUILy
(CTx) — iMyHOXEMITIOMiHECLICHTHUM METOJOM Ha aHa-
nizaropi Cobas 6000 (Roche Diagnostics, LlBeituapis),
piBeHb octeornpoterepuny (OI') Bu3Hayaim MeTOIOM
iMyHO(EpMEHTHOTO aHali3y Ha arapari «Axsym System»
(Abbot, HiMmeuuuHa).

CraTuCcTHYHY OOpOOKY OTpHMMaHHUX pe3YyIbTaTiB IIPO-
BOIWIM 3a JOIIOMOIOI0 MpPUKJIagHMX IporpaM Microsoft
Office Excel i Statistica 10.0. [l MaTreMaTMuHOi 00pOOKU
BUKOPUCTOBYBAJIM METO/IM NEPBUHHOI OMHMCOBOT CTATUCTH -
KU: CepelHE 3HAUeHHSsI MOKa3HUKa, CTAaHAApTHE BilIXUIeH-
HS$I, CTAHIAPTHY MOMUJIKY, t-KpuTtepiii CThlofeHTA.

Oco0buBUii iHTEpPEC Y HAIIOMY TOCIIIKEHHI BUKIIMKAE
MOXKJIMBICTh CITPOTHO3YBaTH 3HAYE€HHSI MOP(OJIOTiYHOTO
MOKa3HUKa «BUCOKa (DYHKIIOHAJIbHA aKTUBHICTh KJIITUH
KT» (BDA) uepes iHIII — HaWOGIIBII MIPOCTi Ta JOCTYII-
Hi — 1abopatopHi mokaznuku (25(OH)D, CTx, OIII), 3a
nmaHumu peHtreHorpadii (BMD), obcrexkeHHs Ha amapari
«Insight™ (ayproMeTpis i iHKITIHOMETpist).

[MonepenHbo Oyno MOOYIOBaHO HU3KY MOJEIeil MHO-
XKUHHOI perpecii Bumy (1) mas MomemioBaHHS 3HAYCHHS
nokasHuka BAA ta BCTaHOBJIEHO, 110 HAWKpAIIUMU € Ti
Mofeli, B aKux o, = 0, TOOTO 3a/1eXHiCTh 3Ha4eHHA BOA
pO3IOAISIETbCA BUKIIOUHO Ha BigiOpaHi ITOKa3HUKU
25(OH)D, CTx, OIIT', BMD, anbrometpii Ta iHKJIiHOMe-
Tpii. MaTeMaTuyHa MOJE/b IJisI TaKOTrO PO3paxyHKy Mae

1,5
0,885

0,635 0,601

BMD neck

T-kpuTepin

Z-kputepinn 0,11

-0,39

-1,33

-2,39

M Irpyna MIlrpyna @I rpyna

PucyHok 1. Ctan MLUKT (peHTreHiBCcbka [eHCUTOMETPIs1)
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PucyHok 2. Piseub 25(0OH)D

BUJI JIiHIiTHOI MHOXXWHHOI perpecii, 3a TOMOMOTOI0 TaKMX
MojieJieil MOXKHa BpaXOBYBaTH BITIMB JEKiJTbKOX (haKTOPiB
Ha TTOKa3HUK, 110 MOJETIOEThCs. PiBHSAHHS TiHiiTHOT MHO-
JKMHHOI perpecii 0yayeTbcs 3a (OpMyJIOL0:

y=o,tox tox,taox,+.. tax, (1)

€ Y — MOKA3HUK, 110 MOIEIIOETBCH, 0, O, Oy, Oy, ... O —
KoeillieHT! PiBHAHHA JiHiHHOT MHOXUHHOI perpecii, X,,
X,, X5, ... X, — (DAKTOPH, SIKi BIUIMBAIOTh HA 3HAYEHHS IO~
Ka3HMKa, 1110 MOJICTTIOEThCS.

SIK MoKa3HMK aJeKBaTHOCTI perpeciiiHoi Mozesi BUKO-
pucToBYeThCsl KoedillieHT aerepMmiHanii R2 (R-kBampar)
KoedinienT merepminanii mpuiimae 3HadeHHs Big 0 mo 1.
YumMm 6mkde 3HadeHHs R2 1mo momymio mo 1, Thm Kpaiie
perpeciiiHa MozeNb allPOKCUMYE eMITipuJHi JaHi. Moaesb
BBaXXa€ThCS BipOrinHOI0, Koau 3HaueHHs1 R2 Oinbiie abo
nopiBHioe 0,5. Moneni, B sikux 3HauyeHHs R2 meHie 0,5,
HE BUKOPHUCTOBYIOThCSI, OCKIJILKM BOHU ¢J1abo BimoOpaka-
I0Th MOZICJIbOBAHUIA MpoLiec.

Pe3yAbTaTU TO OGrOBOPEHHS

IMokazuuk BMD neck 6yB 3Huxenuii (p < 0,05) y rpy-
Max JOOCITiKEHHSI TMOPIBHSIHO 3 KOHTPOJIBHOIO TPYIIOHO.
[Mpuaomy BMD neck, T-kpurepiii neck i Z-kpurepiii neck
oynu 3HmkeHumu (p < 0,05) y rpymni naiieHTok 3 OM 1o-
piBHsiHO 3 rpynioto OIT (puc. 1).

PiBens 25(OH)D 6yB 3umxenuii (p < 0,05) i y rpymi xi-
HOK 3 OI1i OM nopiBHSIHO 3 KOHTPOJIBbHOIO TPYIIOI0. 3Bep-
Tae Ha cebe yBary Oinbiie 3HKeHH: (p < 0,05) 25(OH)D,
docdopa, OIII i 6inpure minBuineHHs (p < 0,05) mokas-
Huka CTx y rpymi nauieHToK 3 OM MOpiBHSIHO 3 IPyMoO0
OIT (puc. 2, 3).

DyHKIliOHAIbHI MOKa3HUKU CTaHy KiCTKOBO-M’S130BOi
CUCTeMU — eJieKTpomiorpadisi, aJlbroMeTpisi, TepMorpa-
(is, iHKJIIIHOMETpisI Ta BapiaOeJbHICTh CEpLIEBOTO PUTMY
(amartanis g0 pi3MYHMX HaBaHTaXKeHb) y Tpymax Iali€eH-
ToK 3 OIl i OM — Oymm 3Hauyme 3HmkeHuMu (p < 0,05)
IMOPiBHSIHO 3 TTOKAa3HMKAMU XKiHOK KOHTPOJIbHOI TPYIH, a
TaKOX y MOPiBHSIHHI MixX rpymamu Hukuumu (p < 0,05) B
nauieHTok 3 OM (puc. 4).

Mopddosoriuni 3minu nipu OIT i OM MawTh CHiibHI
03HaKMu i BigMiHHOCTI. CiJIbHUM € BATOHYEHHS KiCTKOBUX
0aJIoK, PO3IIMPEHHS KaHaJliB OCTEOHiB, HasIBHICTb 0€3KJli-
TUHHUX JOUISTHOK i Oe3KMTUHHMX JIakyH. Ha BigMiHY Bif
OIl npu OM 30inbIIYETHCS TOBLIMHA i TIJIOIIA OCTEOIdY,
3MEHIIEeHHSI OKCH@iTl MaTpUKCy € MEHII BHPaXKCHUM,
crnoctepiraerbes 0inbmr Bucoka (p < 0,05) dyHkuioHaabHa
akTuBHicTh KJ1iTuH KT (BDA) (puc. 5).

Takum yunoM, y IIM xiHok 3 OM nopiBusiHO 3 [IM
xkinkamu 3 OIl BusBneHi 3Hauyue Buiii (p < 0,05) 3miHu
CTPYKTYypHO-(yHKIioHaabHOro crany KT, GioximMiyHMx
MapkepiB pe3opOllii, a Takox Oinbil HU3bkUii (p < 0,05)
piBeHb BMicTy 25(OH)D i OIII'. ®yHK1iOHAbHI TOKa3HU-
KW CTaHY KiCTKOBO-M’SI30BOI CUCTEMM Y MOPIBHSIHHI MiX
rpynamu Huxdi (p < 0,05) y nauientok 3 OM. Ha BigmiHy
Bim OIT mpu OM 30ibIIyETHCS TOBIIMHA i IUIOIIA OCTEO-

1,71

1,8

1,6

1,4

1,07 1,08

1,125

1,2

093 1

docdop

B | rpyna

CTx onr
M Il rpyna

O 1l rpyna

PucyHok 3. PiBeHb ¢pocgpopy, CTx, OINr
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PucyHok 4. lMoka3nuku «Insight™» i auHamomeTpii

imy, 3MeHIIeHHST OKCUMiTil MATPUKCY € MEHII BUPAKEHUM,
crioctepiraerbest 6l Bucoka (p < 0,05) ¢pyHKIlioHaTbHA
akTuBHicTb siaep kinituH KT.

VYV T1abn. 1 momanHi KoedilieHTH Momejell MHOXWHHOL
perpecii, moOyToBaHMX Ha YMHHMKAX, 10 BIUIMBAIOTH Ha
3HauYeHHs1 mokazHuka BMDA. Yci Moneni € anekBaTHUMU
Ta SIKICHUMU 3a 3HaUYeHHSIM KoedilieHTa getepMminarliii R2.
3Ha4yeHHs KoeDillieHTiB Mozei a,, ., ..., 0, BKa3ylOTh Ha
BIUIMBOBIiCTbh YNHHUKA B MOJIEI.

Monens 1 (R?=0,9926) moxHa 3anucaT HOpMYJIOIO:

B®PA=—-0,4x25(0H)D + 12,38 x CTx + 6,25 x OIII" +
+ 11,02 x BMD + 0,149 x anbro- + 0,16 x iHKJIiHO-.

Mogenb 1 MOXHa CMIPOCTUTH, BUKJTIOYAIOUHN 3 Hel YMH-
HUK 3 HaliMEHIIMM Koe(dilieHTOM. 3Ha4YeHHs o, Ta o, €

HalMeHIINMU Ta OJIM3bKUMU MixX CO0010, TOMY BUKJTIOUM -
MO 3 MOJEJIi YNHHUKM ajJIbro- Ta iHKJIIHO- Ta OTPUMAEMO
Mozenb 2:

(R2=0,9892): BOA = 0,057 x 25(OH)D + 18,46 x CTx +
+10,2 x OIIT + 15,05 x BMD.

Tenep Mu 6aunMo, 1110 B MOAEi 2 HaliMEHII BILJIMBO-
BUM € YuHHUK 25(OH)D, To0TO #10ro MoXHa BUKIIOUUTH
3 Hei. Otpumaemo mozens 3 (R? = 0,9891), sika 3a 3HaueH-
HsaM R? maitke He BimpizHseTbCs Bin moaeni 2:

BPA=17,9 x CTx + 10,5 x OIIT" + 16,5 x BMD.

Hani MoxHa 0y/10 6 YMHUTU aHAJOTIYHO, BUKITIOUYAIOUU
3 mozei 3 mocaigmoBHo OIIT ta 3 Mmoneni 4 CTx, ane pi3-
HULIS MixX KoedillieHTaMu B MoJiesli 3 € He3HAYHOI0, TOMY

60

46,9

46,4

Bucoka

MpomixHa

W Bes meTaboniyHmx posnagis KT EHOM EOM

Hwusbka

PucyHok 5. dyHkyioHanbHa akTuBHICTb saep knituH KT y naudieHntie 3 Ol ta OM
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Tab6nuusa 1. Mogeni ouiHkn 3Ha4eHHs Noka3Huka BPA 3a gaHUMU NepBUHHOIO 0OCTEXEHHS B XIHOK

e R2-KoedivicHTy Mopenb 1 Mogenb 2 Mogpenb 3 Mogenb 4 Mopapenb 5

0,9926 0,9892 0,9891 0,9719 0,938

25(0OH)D a, -0,4 0,057

CTx a, 12,38 18,46 17,9 14,7

onr 0, 6,25 10,2 10,5

BMD a, 11,02 15,05 16,5 36,97 50,26

Anbro- o 0,15

IHKNiHO- 0 0,16

60

20

10

= ByiCOKa (PYHKLIOHANbHA aKTUBHICTb

12345678 910111213141516171819202122232425262728293031323334353637383940414243

— \ogens 1

Mopenb 2 Mogpenb 3

PucyHok 6. SHa4eHHs1 noka3Huka BPA — nepBuHHi Ta po3paxoBaHi 3a gonomoroio moaeneii 1-3

pOOUTH TaKe BUKIIOUEHHS HemoUiIbHO. OTXe, IS MOIe-
JIIOBaHHS 3HaueHHs mokasHuka BDA kiaitua KT 3amuim-
Mo Mmoneni 1—3.

Takum umHOM, $SIK BUAHO 3 HaBeIEHOIro rpadiky
(puc. 6), mobymoBani moaeni 1, 2 Ta 3 MakKCUMAaJIbHO Bif-
TBOPIOIOTh NMEPBUHHI MOKAa3HMKU BUCOKOI (DYHKIIIOHAJIb-
Hoi akTUBHOCTI KJIiTUH KT Ta MOXyTh OyTH pEKOMEHI0BA-
Hi 71 MPaKTUIHOTO 3aCTOCYBAHHSI.

BUCHOBKMU

CTBOpeHa MaTeMaTU4YHa MOJIEJIb, 1110 JO3BOJISIE TPOTHO-
3yBaTH 3HAYeHHST MOPMOJOTIYHOrO TOKa3HUWKa «BHCOKa
¢yHKIIiOHaIbHA aKTUBHICTH siaep KirituH KT» mpu octeo-
MaJIsIIii Ta OCTEOIIOPO3i Yepe3 iHIi — HalOIbII ImpOoCTi
Ta IOCTYIHI — jlabopaTopHi nmokaszHuku (25(OH)D, CTx,
OIlIN), 3a faHUMU PEHTIreHiBCbKOI AEHCUTOMETpPii Ta 00-
CTeXeHHsT Ha amapaTi «Insight™» (ambromerpist Ta iHKITI-
HOMETpis).
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Diagnosis of osteomalacia and osteoporosis in postmenopausal women

Abstract. Despite a similar clinical outcome (fractures), morpho-
structural, etiological and pathogenetic characteristics, osteopo-
rosis and osteomalacia differ qualitatively, and treatment regimens
for these conditions will be different. To rule out a diagnostic error
before prescribing treatment, the patient must undergo differential
diagnostic measures to determine the cause of decreased bone mine-
ral density. We observed 65 postmenopausal women aged on ave-
rage 62.30 £ 2.74 years, with reduced bone mineral density, who
underwent morphological examination of bone tissue during hip
arthroplasty for femoral neck fracture. X-ray densitometry was per-
formed on Hologic Discovery bone densitometer (USA). Functional

assessment of the musculoskeletal system was performed using the
Insight™ device. The level of vitamin D (25(OH)D) in the blood
serum was evaluated, as well as osteoprotegerin, C-terminal telopep-
tide of type 1 collagen, bone turnover marker. A mathematical model
has been created that allows predicting the value of the morphologi-
cal indicator “high functional activity of bone tissue cells” in osteo-
malacia and osteoporosis through other, the simplest and accessible
laboratory parameters (25(OH)D, C-terminal telopeptide of type
1 collagen, osteoprotegerin), according to X-ray densitometry and
examination on the Insight™ device (algometry and inclinometry).
Keywords: postmenopause; osteomalacia; osteoporosis; diagnosis
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AVHOMIKO KOpeKLUil
CKAGQAHOI CKOAIOTUYHOT Aedopmalii xpebTta
y AiTen npu BUKOPUCTAHHI FOAO-rPABITALIMHOI
TPAKLT

Pestome. AkTyansbHicTb. AepopmMaLlii xpebTa € OAHIEID 3 MNOLLMPEHVX OPTOMNEANYHNX MATOAOTIV AUTIHOIO BIKY.
CbOroaHi, 3a AQHUMM MEANYHOIT CTATUCTUKIK, Y 75 % AiTer BiIKOM 7—12 pPOKiB BUSIBASIETECSI CKOAIO3. CKOAIO3 IlI-IV/
CTYreHS! 3 BURQXKEHNMIMN KOCMETUYHUMIM TQ QYHKLIOHQABHUMMA MOPYLLIEHHSIMU CTAHOBUTL 1,5-2 % Big yCiX BUMQA-
KiB. NiKyBQHHSI BUR QXKEHMX CKOAIOTUHHUX AEDOPMQALN Y AITEV 3AANLLIQETHCS BEAMKM BUKAMKOM AAS XiPYPra-Bep-
Tebponora. llepeaonepauiviia raAo-rpaBiTauiviHa Toakuisa (ITT) Moxke 6yt OAHVM i3 BAPIQHTIB 3Q6€3rneYeHHS
KpQLLOI KOPEKLUIl CKAQAHUX CKOAIOTUYHUX A€DOPMALIN | MIHIMI3ALIT HEBDOAOTYHUX YCKAQAHEHb, OB SI3AHUX i3
CUNOBUM IHTPQOMEPALIMHUM HOBOHTAXKEHHSIM. Marepiaan Ta MeToan. AOCAIAXKEHO 76 NALIEHTIB BIKOM B4, 7 AO
17 POKIB 3i CKAQGAHUMU CKOAIOTUHHUMUN A€ DOPMALLSIMU XPpebTa. AOCAIAKEHO ABI rpynu: | (AOCAIAHQ rpyrnaq) —
38 aiten, saKmx AikyBAAW 3 BAKOPUCTAHHSIM rQAO-TOABITALIMHOI TOAKUI 3 3QCTOCYBAHHSIM PO3POOAEHOI TAKTUKIN
eTarHoro XipyprivHoro AikyBaHHs, Il (KOHTPOABHQ rPynaA) — 38 AlTen, SIKuM BUKOHYBAAM OAHOMOMEHTHY Xipyp-
r4Hy KOpeKUito. Pe3yAbTaTn. BU3HQYEHO, O MICAST TAAO-TPQABITALIMHOI TOQKUIT Y AiTEr CTATUCTUYHO 3HQYYLLE
(p < 0,001) 3smeHLumMBCS KyT AepopMAaLlii — B cepeaHbOMY HQ 36,5 + 14,9°, amiHQ AepopmaLii y XAOMYMKIB TQ Ai-
BYQTOK BiAOYBAAQCS OAHAKOBO (P =0,279). 3 BikOM y AiTevi 36IAbLLYETLCS KYT CKOAIOTUYHOI Aepopmadii. [licas [TT
Y AiTent A0 13 pOKiB CMOCTEPIrAAM 3MEHLUEHHST KYTA A€dOopMaLlii B cEpPeAHbOMY AC 67,6 + 14,7°, vy AiTer cTapLue
14 pokiB — A0 85,9 + 18,2°, y aiteri MonoaLue 14 pokiB 3MEHLLEHHS KyTa AepopMaLii 6yA0 3HAYYLLE GIAbLINM —
B cepeaHboMy Ha 38,9 + 13,2° Toal sIK y AiTent crapLue 14 pokiB y cepeaHboMy He csirano 30° — 27,56 + 18,6°.
Y aiteri MmoroaLue 14 pokiB 3QCTOCYBAHHST [TT GiAbLL epeKTUBHE, HDK Y AiTevt cTapLuoro Biky. [auieHTy | royrv
repea XipypridHOK KOPeEKLE CKOAIOTUYHOT AedopMALlii MAAM CTAQTUCTUYHO 3HAYYyLLe (P < 0,001) MeHLn KyT
Aepopmadii, Hx y nauieHTis Il royrv (106,0 £ 4,5°). [icas onepamBHOIT KopeKuii KyT Aedopmaii B aAitevi | rpynv
(44,4 + 15,3°) 6yB 3HauyLe (p < 0,001) MeHLumM, HXK Y Aitevt Il royriv (66,9 + 14,2°), smeHLueHHSs AepopmaLii xpe6-
TQ 6YAO CTATUCTUYHO 3HAYYLmM (P < 0,001) B 060X rpyrnax. BusHQ4YeHo, Lo B AiTert cTapLue 14 pokiB KopekLis
Aepopmadii 6yaa CTATUCTUYHO 3HAYYLLE MEHLLOK (o = 0,05), HK Y MOAOALLMX AITEN, MPUYOMY Lie CrNoCTepira-
AOCb BOOOX rpyrnax. B rpyni BiaCOTOK KopeKLUii aepopmaLii B Aitevi Bia 7 A0 13 pokiB 6yB CTATUCTUHHO OAN3bKUM
(p =0,181), ane B Il rpyni BiaCOTOK KopeKL|i B aAitev Bia 11 A0 13 pokiB 6yB 3HQYYLLE MEHLLNM, HXK Y AITEN MOAOA-
e 10 pokis. BACHOBKM. [1iCAST rQAO-TOABITALIMHOI TOAKLIT B AiTevt CTATUCTUYHO 3HAYyLLe (o < 0,001) 3MeHLLBCS
KyT AepopmaLii — B cepeaHbomy Ha 36,5 = 14,9°, 1o ctaHosmTb 34,0 + 14,1 % kopekuii ae popmaviii. AMHAMIKQ
KopeKuii He 3aAexuTs Bia ctarTi aitent (p = 0,824). BeAnynHa Kyta Aedopmauii B nauieHTiB | rpynv (raro-roasi-
TAUIVIHQ TOQAKLST) nepeA XipypridHO KopeKLie 6yAQ CTATUCTUYHO 3HQYYLLE MEHLLIOK, HIK Y aAiten Il roynn. Lle
06YMOBUAO CTATUCTUYHO 3HaYyLLe (P < 0001) KoLl pe3yAbTaTV XipypridHOI KopeKuii B [ rpyri (69,4 + 13,1 %), HK
y nauieHTis Il rpynu (46,6 + 12,3 %). He3aAeKHO Bia MPOTOKOAY AiKYBAHHST KPQLL PE3YALTATY KOPEKLLi CKOAIOTNY-
HOI aepopmauii 6yam B pitert MoroaLue 14 pokis.
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Bctyn

Hedopmalii xpedbTa € OJHIEI0 3 IOLIMPEHUX OPTOIe-
JMUYHUX TMaTojoriid auTsayoro Biky. ChOronHi, 3a JaHUMU
MEIUYHOI CTATUCTUKU, Y 75 % miTeit BikoM 7—12 pokiB BU-
SIBJISIETBCS CKOJTi03. Y miTeii BikoMm 10—18 pokiB ckitagHi me-
dopmatiii xpedra 1iarHoCTyIOThCsI B 2—3 % BUIAAKIB y I10-
MYJISIIil, TIpOTe TepeOir 3aXBOPIOBAHHS B KOXKHOI IUTHHU €
IHIWBIAyJIbBHUM: Bill IIBUIKOTO TEMITY MIPOTPECYBAHHS 10
HE3MiHHOTO Ta CTa0iLILHOTO BIPOMOBXK KiJIbKOX POKiB [1].
Ckomio3 III-IV cryneHs 3 BUpaKeHUMU KOCMETUYHUMU
Ta QYHKIIOHATEHUMU TTOPYIIEHHAMU CTAaHOBUTL 1,5—2 %
Bin ycix Bumankis [2].

CkuafHi ckojioTuuHi aedopmartii B giteit (> 100°)
ctaHoBIATh Bin 0,12 mo 1,7 % cepen iHIIMX CKOTIOTUYHUX
nedopmariii xpebra. HeedekTuBHICTH KOHCEPBATUBHO-
ro JIIKyBaHHS MPU CKJIATHUX Aedopmaliisix xpedra B Ii-
Tell cTaja mepeayMOBOIO iIHTEHCUBHOTO PO3BUTKY Pi3HUX
MEXaHiYHMX IIPUCTPOIB IS JIIKyBaHHS Ta ITOHAJIbIIOI
crabinizauii [3]. BomHoyac y TAKTMYHUX Migxomax do Jii-
KyBaHHSI XBOpUX 3i CKJIagHUMU AedopMalisiMu xpeodTa
MOXHa BiI3HAUYUTU BiTHOBJIEHHS OcCi XpeOTa Ta GioMmexa-
HiKM XpeOeTHOro CTOBIA, KOCMETUYHUN eheKT, HU3bKUIL
PU3WK YCKJIaMHEHb, HAAIHICTh cTabimi3alii, MiHiMaabHY
BTpaTy KOpeKIlii.

OpnHak JiKyBaHHSI BUPaXEHUX CKOJIOTUYHUX Jedop-
Maliil y JiTeil 3aJIMIIAEThCS BEIMKUM BUKIMKOM ISt
xipypra-BepTeOposora. IlepemomepariiiHa rajao-TpaBi-
TallifiHa Tpakiis Moxe OyTH OTHMM i3 BapiaHTiB 3a0e3-
MeYeHHs Kpalllol KOpeKIlii CKJIagHUX CKOJIOTUYHUX Oe-
¢dopmaliiii Ta MiHiMi3alii HEBpPOJOTiYHUX YCKJIAIHEHb,
MOB’s3aHUX i3 CMJIOBMM iHTpaoIllepalliiHUM HaBaHTa-
KeHHsM. Jlesgki aBTOpU BUBYAJIM BUKOPUCTAHHSI Tajlo-
rpaBiTalliiiHOI TpakKliii SIK OJHOTO 3 HaIpsIMKiB 3aJHbOIL
PEKOHCTPYKTUBHOI Xipyprii Mpu TSKKOMY cKoJtiosi. [1pu
rajio-rpaBiTalliiiHiii Tpakuii iCHye MOXJIMBICTb IMOCTYIIO-
BOTO 3MEHILeHHS aedopMallii Ta BiIHOBJIEHHS OajlaHCy
Ty1y0a 3a paXyHOK BHUOOBXEHHs xpebTa. TakoxX moBimo-
MJISIETBCSL TIPO TMOJIIIIEHHS (PYHKIIOHATBHUX Tapame-
TpiB Ta IKOCTi KUTTS [4—7].

AmXe 10 CbOTOIHI MUTAHHS CTPaTeril Ta TAKTUKU Xipyp-
rii cKJIanHuX nedopmalliii xpedTa oCTaTOUHO He po3podJie-
Hi Ta MOTPeOyIOTh MOAATBIIOIO BillIpalllOBaHHSI.

CyyacHa xipypriyHa nmpakThka OMHOMOMEHTHOI KOpeK-
mii ckiagHux nedopmalliii XpeOTa BKIIIOYA€E BUKOHAHHS
OCTEOTOMill XpebTa, IO 3HAYHO MOJINMIIYE MOXJIUBICThH
Kopexilil nedopmarliii, ajie i 301JIbIIIyE pU3UK HEBPOJIOTiU-
HUX YCKJIaTHEHb, 00’ €M iHTpaoIlepaliliHOi KPOBOBTPATH.

MarTtepiaAu Ta meToamU

HocnimkeHo 76 mauieHTiB Big 7 1o 17 pokiB 3i ckiaa-
HUMU CKOJIOTUYHUMU AedopMallisiMu XpedTa, sIKi mpo-
XOIWIW JIIKYBaHHSI y KIIiHiLI Kadeapu IUTSYOi Xipyp-
rii HamioHanpHOro MemMYHOTO YHiIBEpCUTETY iMeHi
0.0. boromonblis (Ha 6a3i xipypriunux Binginens HICJI
«OXMATIHNT», m. KuiB) B mepion 3 2009 1o 2019 pik.

INamienTn Oynmm momineHi Ha aBi rpymu: 1 (mocaimHa
rpymna) — 38 miTeid, SIKMX JIiKyBaJll 3 BUKOPUCTAHHSIM ra-
JIO-TpaBiTaliiHOI TpaKllii 3 3aCTOCYBaHHSM PO3pPOOJIEHOL
TaKTUKU €TaITHOTO XipypriyHoro JikyBaHHs; I (KOHTpoJb-
Ha rpyna) — 38 nmiteii, SKMM BUKOHYBaJIM OMHOMOMEHTHY
XipypriyHy KOpeKIlito.

Bix niteit B | rpyni ctanoBus 11,0 = 2,8 poky, y II rpy-
m — 11,2 £ 2,8 poky, BiK jgiteii y rpynax OyB CTaTUCTHY-
Ho omHakoBuM (t = —0,409; p = 0,684). ¥ rpymax 6yno 28
(36,8 %) xnomuukis i 48 (63,2 %) niBuaTok, B I Tpymi Oyino
18 (47,4 %) xmomuukis i 20 (52,6 %) miBuatok, y II rpy-
i — BigmosinHo 10 (26,3 %) ta 28 (73,7 %); nepeBaxain
niBYaTKa, aje pPi3HUIL 3a CTATTIO MiXX IpyIllaMuy He J0csTIja
CTAaTUCTUYHO 3Hauyl1uoro piBHs (p = 0,057).

BennuuHa KyTa cKOJIIOTUYHOI TecdhopMallii y rpymnax mna-
LI€EHTIB HagaHa B TaoI. 1.

3a JaHUMM CTaTUCTUYHOIO aHaJji3y OyJIo IToKa3aHo, 110
3a TIEPBMHHUM PiBHEM CKOJIOTMYHOI aedopmMallii rpynu
niteit 0yau ogHakoBuMU (p = 0,113), TakoX HEe BUSIBJIEHO
CTAaTUCTUYHOI Pi3HUII B BeJIWYMHI medopMallii y XJIoI-
YUKiB Ta AiBYaToK sk y Mexax rpymn (I — p = 0,279; 11 —
p = 0,181), tak i Mixx rpynamu (xionuuku — p = 0,279;
niBuatka — p = 0,181).

TakuM YMHOM, TPy MOXHA BBaXXaTU OJHAKOBUMU K
3a PO3MO/IJIOM 3a BiKOM, CTaTTIO, TaK i 3a piBHEM MEPBUH-
HOI CKOJIIOTUYHOI AedopMalliii.

Jani Oynu o6poOJieHi cratucTudHO. PospaxoByBanm
cepenHe (M), cranpaptHe BigxuieHHs1 (SD), MiHimMasb-
He (min) Ta MaKCMMaJibHe (max) 3HaueHHs BUOipok. [1o-
PIBHSIHHSI MiX TpylaMu IIPpOBOIMIM 3a T-TecToM I He-
3aJIeXXHMX BHUOIPOK 3 po3paxyBaHHSIM pPi3HUI CepeaHix
(M = SE), KpuTU4HOro 3Ha4eHHS TecTy (t) Ta CTaTUCTUY-
HOi1 3HauymocTi (p). s oLiHKKM piBHOCTI Aucnepcii Bu-
0ipOK BMKOPUCTOBYBaJM TecT JleBeHe, Mpu BiAXWUJIEHHI
HyJb0BOI TirmoTe3u tecty (p < 0,05) 3acTOCOBYBaIM TECT
VYemua. [1pu mopiBHSIHHI Oisibllie 2 BUOIPOK BUKOPHCTO-
ByBaiM ONHOMAKTOPHUIT nucnepciiiHuii aHaniz ANOVA
3 arocrepiopHuM TectoM JlyHkaHa. [1pu ropiBHSIHHI pi3-
HUX TEPMiHiB CITIOCTEPEXEHHSI BUKOPUCTOBYBAIU MapHUIA
T-tect mono pizHuui cepennix (M = SD), kpuTudHOTO

Tabnuus 1. Po3noain xsopux 3a BeJINYNHOIO NepBUHHOI CKOMIIOTUYHOT aedopmauii

BenuuviHa nepBUHHOT CKONiOTUYHOT Aedopmadir, °
Mpyna M £ SD/min -+ max
Mo rpyni Xnonyuku AisyaTtka t,p
| 108,0+6,0 109,2+7,7 107,0+ 3,7 t=1,109
100 +121 100,0+121,0 101,0+113,0 p=0,279
Il 106,1+4,5 107,7+3,8 105,5+4,6 t=1,364
100 +117 103,0+114,0 100,0+117,0 p=0,181
CTaTtMCcTMYHA 3HAYYLLICTb PiBHUL t=1,604 t=1,109 t=1,364
MiX rpynamm p=0,113 p=0,279 p=0,181
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3HAUEHHSI TecTy (t) Ta CTaTUCTMYHOI 3HA4yIIOCTi (p) [8].
AHaJi3 MPOBOJIWIN 3 BUKOPUCTAHHSM IMaKeTa MPUKIATHUX
nporpam IBM SPSS Statistics 20.0.

Pe3yAbTOTU TO OGrOBOPEHHS

PosrnsiHeMo BIUIMB po3po0JieHOT HaMM Tajio-rpaBiTa-
LiltHOI Tpakilii rmepesa XipypriyHoW KOPEKIli€o Ha 3MiHY
BEJIMYMHU KyTa CKOJTIOTUYHOI Aedopmalii.

V manieHnTiB | rpynu micis rajgo-rpaBiTaliifHOI Tpak-
ii BigMivanu 3MiHY BEJIMYMHM KyTa CKOJIOTUYHOI Ae-
dopmarii.

JnHamika BeuunHuU KyTa aedopmartii micas I'TT y ma-
uieHTiB [ rpynu HaBeneHa B Ta0I. 2.

3a JaHUMU CTaTMCTUYHOIO aHaidy OyJ10 BHU3Haue-
HO, IO TiCs rajgo-TrpaBiTalliiiHOi Tpakuii B AiTeil cTa-
tuctuayHo 3Hauyie (p < 0,001) 3mMeHIMBCS KyT nedop-
Malii — B cepeagHboMy Ha 36,5 + 14,9°, mo cTaHOBUTH
34,0 + 14,1 % xopexuii nedopmariii. 3mMiHa nedopmartii y

XJIOMYMKIB Ta MiBYATOK BimOyBajgacs 0OIHAKOBO, TOOTO Bil-
CYTHICTh pi3HUILI a0 jgikyBaHHsI (p = 0,279) 36epiranacs
micist I'TT (p = 0,542). luHamika KOpeKIIii y XJIOMYMKiB
(35,9 £ 16,8°) ta miBuaTok (37,1 & 13,5°) Takox Oysia omHa-
koBomo (p = 0,824).

1 BU3HAUEHHS TOTO, UM BIUIMBAE BiK AUTUHU HA pe-
syaptar ['TT, My po3noninuay namieHTiB Ha 3 BiKOBI Mmim-
rpynu: Bix 7 no 10 pokiB (15 miteit), Big 11 no 13 poxkiB (15
niteit) Ta Big 14 mo 17 pokiB (8 miteit). Jlus BupileHHs 3a-
BIaHHsI OyB 3acTocoBaHuii aucnepciitnuii Tect ANOVA 3
arocrepiopHUM TecToM [lyHKaHa, pe3yIbTaT SIKOro Haja-
Hi B TabI. 3.

3a maHWMMM CTATUCTUYHOIO aHali3y Oy/JI0 BU3HAYECHO:
MOXHa 3 5% TMOMMJIKOIO CTBEPKYBATH, 1110 3 BIKOM Y Jli-
Teil 30LIBLIYETHCS KYT CKOJIOTUYHOI medopmairii. [licms
ITT BennumHa KyTa CKOJIOTMYHOI medopmallii B iTel
TaKOX PO3MOMUISIEThCS IMO-pi3HOMY: Yy niteil mo 13 po-
KiB CIlOCTepirajay 3MeHILIeHHsI KyTa aedopmaliii B cepe-

Tabnuusa 2. luHamika Kkyta ckoniotn4Hoi gecpopmadii B nayieHTis | rpynn nicns I'C'T

Kyt pedopmauii, ° CraTtuctuyHa .
M + SD/min + ma,x 3HaYyLLiCTb R
MapameTpu Pi3HMUL MidXX (M + SD) % (M = SD)
i A nepiogamm = © E=
[0 nikyBaHHs Micna ITT F;t,‘:)) min < max min < max
CepegHi no rpyni 108,0+6,0 71,5+16,5 t=15,043 36,5+ 15,0 34,0+ 14,1
100,0+121,0 41,0+106,0 p < 0,001 7,0+-67,0 6,7 +60,2
Xnonynku 109,2+7,7 73,2+19,5 t=9,061 35,9+16,8 33,2+ 16,1
100,0+121,0 41,0+106,0 p < 0,001 12,0+ 67 10,2+60,2
LiBuatka 107,0+ 3,7 69,9+ 13,5 1=12,273 37,1+13,5 34,6125
101,0+113,0 49,0+ 98,0 p < 0,001 7,0+-61,0 6,7 +54,2
CTaTncTnyHa 3HaYYLWiCTb t=1,109 t=0,615 t=-0,224 t=-0,304
PI3HULL MiX cTaTaMu p=0,279 p=0,542 p=0,824 p=0,763
Ta6auua 3. Po3nopain BennynHy cKonioTuYHOT aegopmauii B aiteii 3a BikoBuMu rpynamu
(3a pgaHumu ANOVA 3 anocrtepiopHum Tectom [yHkaHa)
Kyt ckoniotudHoi aedopmalii, ° (M £ SD)
Bik, PisHuus mix niarpynamm pna a = 0,05
pokis Do nikysaHHs Micna ITT
1 2 3 1 2
Bin 7 oo 10 pokis 104,3+3,7 67,6 +13,7
Big 11 oo 13 pokiB 108,9+4,7 67,7147
Bin 14 no 17 pokis 113,4+7,2 85,9+ 18,2
CTaTtncTmyHa 3HaYYLLICTb
y Mexax niarpyn 1,000 1,000 1,000 0,992 1,000

Ta6anusa 4. QuHamika kyTa ckoniotndHoi gegopmauii nicns ITT y giTer piaHux BikoBux rpyn
(3a gaHnumu ANOVA, anoctepiopHuii Tect [lyHkaHa)

KyT ckoniotudHoi aedpopmadii, ° (M + SD)
Bik, pokiB Pi3Huusa mix nigrpynamu ans o = 0,05
1 2
Big 14 no 17 pokis 27,5+ 18,6
Bin 7 no 10 pokis 36,7+12,9
Bin 11 no 13 pokis 41,2+13,5
CTatncTmyHa 3HaYyYLWLICTb y MexXax niarpyn 1,000 0,455

38 TpaBMma, ISSN 1608-1706 (print), ISSN 2307-1397 (online)

Tom 23, N2 1, 2022



OpuriHaAbHI pocAiaXXeHHs / Original Researches I

HbOMY 10 67,6 £ 14,7°, a y miteii crapiie 14 pokiB — 10
85,9 £ 18,2°, aHaniz nuHaMiku KyTa nedopmartii mokasye,
110 B AiTeit Mosonie 14 pokiB 3MeHILIEHHSs KyTa aedopma-
il € 3HaYyIIe OUTBIIMM — Yy cepeaHboMy Ha 38,9 + 13,2°,
ToAi SIK y HiTeit crapiie 14 pokiB B cepeqHbOMY HE CsITae
30° — 27,5 £ 18,6°, mpuyomy Ll Pi3HUIS € CTATUCTUIHO
3Hauymoo (a = 0,05) (Tab. 4).

3 orjsamy Ha OTpMMaHi JaHi MOXKHA CTBEPIKYBaTHU, 110 B
niteit mosoniie 14 poxkis 3actocyBaHHs ['I'T € Ginbin epex-
TUBHUM, HiX y JiT€#i CTapIIOro BiKy.

Takum yuHoMm, maunieHTu I rpynu mepen Xipypriu-
HOI0 KOpEeKIiew CKOJMIOTUYHOI aedopmallii Maau cra-
TucTuuHO 3Hauyie (p < 0,001) 3MeHIeHWi KyT gedop-
maitii (71,5 £ 2,7°), BiAnoBiIHO, CTATUCTUYHO 3HAUYIIIEC
meHmmii (p < 0,001), vix y mamienTis 11 rpymu (106,0 £
+4,5°%).

Posrastnemo muHamiky nedopwmarrii B miteit micms ['T'T i
XipypriuHoi KOpeKIlii Ta B AiTei ITiC/Is TUTbKY XipypriqHoi
Kopexirii (TabJ. 5).

3a pesyiabTaTaMu CTaTUCTUYHOrO aHalli3y, sK i Oyso
MOKa3aHO paHillle, B MalieHTiB I rpynu oTpuMaHuii mic-
na I'TT kyr ckomiotnynoi gedopmauii (71,5 = 16,5°) 6yB
cratuctTuyHo 3Hauymie (p < 0,001) mentmm, Hix y 11 rpy-
m (106 = 4,5°). Ticnsa xipyprigHoi Kopekiiii KyT aedop-
mauii y gireit [ rpynu (44,1 £ 15,3°) Takox BUSIBUCS CTa-
tuctuyHo 3Hauyme (p < 0,001) menmum, HiX y 11 rpymi

(56,9 £ 14,2°). 3MeHIIeHHs KyTa nedopmMaliii B 060X Tpy-
max Oyyo ogHaKoBO cratucTudHO 3Hauymwmm (p < 0,001).
XipypriuHy KOpeKIil0 CKOJIOTUYHOI medopmaliii B Ii-
teit | rpymmm (27,4 = 11,1°) BUKOHYBaJIud Ha CTaTUCTUYHO
sHauyme (p < 0,001) meHmmii KyT, HiX y giteit 11 rpynu
(49,2 + 12,6°). Bimcorok KOpeKIiii B Ipyrnax Takox 3Ha-
yyme (p = 0,009) BimpisHsBcs, Tod6To B miteir I rpynu
Kopekiist craHoBuiaa 38,6 £ 13,3 %, a B miteit 11 rpynu —
46,5+ 12,3 %.

3arajbpHa 3MiHa KyTa gedopmaliii B IiTeit BiTHOCHO MO-
YaTKOBOTO CTaHy HaJlaHa B TaoII. 6.

Sk OyJ10 nOBeAeHO paHillie, Pi3HUII Y BeJIMUUHI CKOJi-
OTUYHOI AedopMalii 10 JIiKyBaHHS MiXK IrpyliaMud He OyJ10
(p = 0,113). Ilicng mikyBaHHS KyT Aedopmaliii, SIK mokKa-
3aHO Bulle, B aiteit 1 rpynu (44,4 = 15,3%) OyB 3HauyIe
(p < 0,001) menimM, Hix y miteit 11 rpynu (56,9 * 14,2°),
Xoua 3MeHIlIeHHs nedopmalii xpedra OyjJ0 CTaTUCTUY-
Ho 3HauymmM (p < 0,001) B o6ox rpymnax. IIpu npomy
3araJlbHUi BiICOTOK Kopeklii aedopmaliii B pe3ysbTaTi
nikyBaHHs B giteit I rpymu (59,4 + 13,1 %) OyB cTaTHCTUY-
Ho 3Hauyie (p < 0,001) 6inbmmm, Hix y mitei 11 rpyrnu
(46,6 + 12,3 %).

Ha miarpami (puc. 1) HaBegeHa AMHAMiKa KyTa CKOJiO-
TUYHOI nedopMallii B TiTeil.

Ha nmiarpami (puc. 1) mokasaHo, 110 Big OZHAKOBOIO
KyTa CKOJIIOTUYHOI Aedopmaliii B AiTeit 10 JiKyBaHHS Mic-

Tabnuusa 5. Pe3ynbtatu XipypriyHoi kopekuii ckonioTn4yHoi gegopmauii B giteii

Kyt nedopmauir, °
M = SD/min + max
lpyna CraTtMcTuyHa
- Micna 2 BenuuuHa Aonga 3MiHm,
Aoonepaull | gnopayii | SHEWICTE | oy %
I 71,5+16,5 44.1+£15,3 t=15,171 27,4 +111 38,6 +13,3
41,0+106,0 21,0+82,0 p < 0,001 13,0+ 56,0 18,3 + 68,
Il 106,145 56,9+ 14,2 t=24,015 49,2+12,6 46,5+12,3
100,0+117,0 34,0+90,0 p < 0,001 23,0+71,0 20,4 +67,6
Pi3Hnus cepenHix
(MesE) " -34,6+2,8 | -12,8+3,4 ~21,8+27 7,929
CTaTnUCTMYHaA 3HAYYLLICTb t=-12,477 t=-3,786 t=-7,967 t=-2,692
MiX rpynamm p < 0,001 p < 0,001 p < 0,001 p =0,009
Tabnuusa 6. AHania amiHn KyTa ckonlioTu4Hoi geopmadii B pe3ynbrati 1ikyBaHHS
Kyt nedopmauir, °
M + SD/min + max
T M = SD B
. Micna e esinymHa
A e JNiKyBaHHS t,p 3MiHN
' 108,046,0 | 441+153 | 639136 59,4 + 13,1
100,0+121,0 21,0+-82,0 0 < 0,001 31,0+-79,0
I 106,145 | 569+142 | 4927120 46,6+ 12,3
100,0+117,0 34,0+90,0 p < 0,001 20+68
PisHuus cepenHix (M = SE) 1,9+1,2 -12,8+3,4 12,9+2,9
CTaTnUCTMYHA 3HAYYLWICTb MiXK Fpynamum t=1,604 t=-3,786 t=4,412
p=0,113 p <0,001 p <0,001
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PucyHok 2. BeninynHa 3MiHU KyTa CKOJIIOTUYHOT

aegopmadii B giTev pi3HOro Biky no rpynax

JISL XipypriyHoi KOpeKllii y rpyrnax ocTaTOYHUI KyT aedop-
Mallii BUSIBUBCSI CTATUCTUYHO 3Hauy1e pizHum (p < 0,001),
3 Kpalumu pesyiabratamu y rpymi 3 ['TT.

[IpoaHanizyeMo, 4M BIJIMBA€E BiK JiTeii Ha pe3yJbTaT
JIiKyBaHHS. J1J1s 1IbOTO MpoBeiv 0NHOMAKTOPHUI THCTIEP-
ciitnuii aHaniz (ANOVA) 3 anoctepiopHuM TecToM JlyHKa-
Ha, pe3yJbTaTu SKOTO HaJaHi B Tabs. 7

3a JaHUMU TMPOBENEHOr0 aHali3zy BU3HAUYEHO, 1110 B
niTeit crapire 14 pokiB Kopekilis nedopmariiii Oyna cta-
TUCTUYHO 3HauyIle MeHIo (a = 0,05), HiXX y miTeit Mmo-
JIONIIOIO BiKy, MPUYOMY 1Ie COCTepirajgocs B 000X rpy-
nax. B I rpymi BimcoTok Kopexilii nedpopmaltii B giTeit Big
7 no 13 pokiB OyB cTaTUCTUYHO OJu3bKUM (p = 0,181),
asne B I rpymi BincoTok Kopekiii B giteit Big 11 g0 13 po-
KiB OyB 3Ha4yllle MEHIIIUM, HiX y AiTeit Mmonoamie 10 po-
kiB. Ha miarpami (puc. 2) HaBeneHa pizHULS Y BETUYUHI
KOpPEKIIii CKOJIIOTUIHOI AedopMalrii B miTeit pi3HOTO BiKy
0 rpymnax.

Ha wnapmaniii miarpami posmominy BeIMYMHM 3MiHU
KyTa CKOJIIOTUUHOI Aedopmallii MOXHa BiIMITUTHU, 1110 3a
BCiMa BiKOBMMM IIiArpyrnamu B AitTeit I rpynu BeauymHa
3MEHIIEeHHs KyTa nedopmaiii Oyaa 6inbiroro. Hackinb-
KM Pi3HUMM BUSIBUJIMCSI pe3YJIbTaTH KOpeKIiii neopma-
1ii B miTe#l pi3HOro BiKy 1o rpyrax, nmokasaHo B Ta01. 8.

3a pesynbTaTaMM MPOBEIEHOIO CTATUCTUIHOTO aHATI3y
OyJi0 BU3HAUYEHO, 110 y HiTeil Mosioatie 13 pokiB Halikpa-
IIi pe3yaIbTaTu JIiKyBaHHs Oyiu B I rpymi, To6TO BUKOpHC-
tanHsa ['TT cTtaTucTMYHO 3HAUyIEe IMOJIMIIYE pe3yJbTaTh
JiKyBaHHS. Y miTeit ctapiie 14 pokiB BimCyTHs 3Hadylla
pisauug (p = 0,060) pesynbraTiB JiKyBaHHS, XO4a B Ji-

Tab6auusa 7. OyiHka 3MeHLUEeHHS KyTa ckoJslioTuyHoi gedopmadii y gitTev piaHux BikoBux rpyn

3MeHLWeHHs KyTa gedopmalii, ° (M + SD)

. . I rpyna Il rpyna
Bik, pokiB
a=0,05 a=0,05
n n
1 2 1 2 3

Big 14 po 17 pokis 8 48,4 +17,3 7 32,8+ 10,
Big 11 no 13 pokis 15 59,0+£9,3 19 445+9,6
Bin, 7 no 10 pokis 15 65,7+10,5| 12 57,8+5,6
CTaTtncTMyHa 3HaYYLLICTb 1,000 0,181 1,000 1,000 1,000
y Mexax knacrtepa, p

Tabnuuys 8. AHani3 3MeHLeHHs KyTa ckonioTuyHoi aegpopmauii B giTeii piaHoOro Biky y rpynax
crnocrepexxeHHs1

3MeHLeHHs KyTa aedopmaliii, °

M = SD/min + max

Fpyna Bik, pokis

11-13 14-17
| 65,7+10,5 59,0+9,3 48,4 +17,3
44,2 +-79,4 39,0+-74,8 30,5+77,6
1] 57,8+5,6 445 +9,6 32,8+10,7
45,2+~ 64,4 26,8 -67,6 20,4 +-54,4

CTaTncTMyHa 3HaYyLWiCTb t=2,509 t=4,459 t=2,062
MiX rpynamm p =0,020 p <0,001 p =0,060
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Teil | rpynu pi3HUI y BEJIMYMHI KOPEKIlii MTOMIiTHO Oifib-
ma (48,4 + 17,3 %), Hix y miteit Il rpynu 1mboro X BiKy
(32,8 10,7 %).

3acTocyBaHHSI 3alPONIOHOBAHOTO HAMU METOAY JiKy-
BaHHS CKOJIIOTUYHOI ehopMallii 3 BUKOPUCTAHHSIM Tajio-
rpaBiTallifiHOl Tpakliii MO3BOJMUJIO 3HAYYIIEe MOJIMIINTH
pe3yJabTaTh KOPeKIIil. 3aCTOCYBaHHS HAIIIOTO METOMY JIiKy-
BaHHs He TitbKu 3Hauyie (p < 0,001) 3smeH1ye necdopma-
1ito xpeOTa, ajie if MTOMITHO 3MEHIIYE BeJIMYMHY Xipyprid-
HOI KOpeKIIii.

Tpeba BinMiTUTH, 1110 pe3yabTaTH JiKyBaHH:, sIK i3 3a-
crocyBaHHsaM I'T'T, Tak i 6€3 HbOTO, Kpallli B 1iTeit MOJIOIIE
14 pokiB. Y HUX i MEPBUHHO IiarHOCTYBaJIU B CEPEIHBOMY
MEHIINI KyT CKOJIOTMYHOI AedopMaliii, i 3acToCyBaHHSI
I'TT mpuBoaMIIO 10 OIIBIIOTO 3MEHIIEHHS AedopMallii Ta,
BiIMOBiTHO, TO 3HAYYIIOr0 3MEHIIIEHHS AeopMallii 1o 3a-
KiHYeHHI JIIKyBaHHSI.

BuCHOBKMU

1. ITicas rano-rpaBiTaniifHOI TpaKii B AiT€l CTATUCTUI-
Ho 3Hauyiie (p < 0,001) 3MeHIMBCs KyT Aedopmaliii — B
cepenHboMy Ha 36,5 £ 14,9°, o cranoButs 34,0 = 14,1 %
Kopexiiii necpopmaliii. JluHaMika KopeKilii He 3a7eXKUThb Bif
crati aiteit (p = 0,824).

2. BennuunHa kyta nedopmaiiii B nauieHTis I rpynu (ra-
JIo-TpaBiTalliiiHa Tpakilisl) Tepen XipypriyHow KOpeKlli-
€10 OyJla CTAaTUCTUYHO 3HAYyIlle MEHIIOoW, HiX y aiteit I1
rpynu. e od6ymoBwiio cratuctuyHo 3Hauyie (p < 0001)
Kpallli pe3yJabTraty Xipypriunoi kopexuii B I rpymi (59,4 +
+ 13,1 %), vixx y nauienrin 11 rpynm (46,6 + 12,3 %).

3. He3anexHo Big MpoTOKOJIY JIIKyBaHHS Kpallli pe3y/ib-
TaTU KOPeKIlii CKOIOTUYHOI Aedopmaliii Oyau B AiTeid MO-
soauie 14 pokis.

Konduikr inTepeciB. ABTopu 3asiBJISIIOTH TIPO BiICYyT-

HIiCTb KOH(UIIKTY iHTepeciB Ta BJlacHOI (hiHAHCOBOI 3alli-
KaBJICHOCTI ITpY MiATOTOBII JaHOI CTATTi.
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Dynamics of correction of complex scoliotic deformity in children using halo-gravity traction

Abstract. Background. Spinal deformity is one of the common
orthopedic pathologies of childhood. Today, according to medi-
cal statistics, 75 % of children aged 7—12 years are diagnosed with
scoliosis. Scoliosis of III-IV degree with pronounced cosmetic and
functional disorders is detected in 1.5—2 % of all cases. Treatment

of severe scoliotic deformities in children remains a major challenge
for a vertebrologist. Preoperative halo-gravity traction (HGT) can
be one of the options for better correction of complex scoliosis and
minimization of neurological complications associated with intra-
operative loading. Materials and methods. Seventy-six patients
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aged 7 to 17 years with complex scoliotic deformities were exa-
mined. There were two groups: I (experimental one) — 38 children
in whom HGT was used together with developed tactics of staged
surgical treatment; 11 (control one) — 38 children who underwent
one-step surgical correction. Results. After halo-gravity traction, the
deformity angle decreased statistically significantly (p < 0.001), on
average by 36.5 = 14.9°, the change in deformity in boys and girls
occurred equally (p = 0.279). With age, the angle of scoliosis in chil-
dren increased. After HGT, the angle of scoliosis in children under
13 years of age decreased on average to 67.6 £+ 14.7°, in patients over
14 years — to 85.9 £ 18.2°. In children under the age of 14, a reduc-
tion in the deformity angle was significantly greater, on average to
38.9 + 13.2°, while in those older than 14 years, it did not reach 30°
(27.5 £ 18.6°). HGT is more effective under 14 years of age than
in older children. Patients in group I before surgical correction of
scoliosis had a statistically significantly (p < 0.001) lower deformity
angle than individuals in group II (106.0 £ 4.5°). After surgical cor-
rection, the angle of deformity in group I (44.4 = 15.3°) was signifi-
cantly (p < 0.001) lower than in children of group I1 (56.9 £+ 14.2°), a

reduction in spinal deformity was statistically significant (p < 0.001)
in both groups. It was found that in children over 14 years of age, the
correction of deformity was statistically significantly less (o = 0.05)
than in younger patients, and this was observed in both groups. In
group I, the percentage of deformity correction in children aged 7
to 13 years was statistically close (p = 0.181), but in group II, among
patients aged 11 to 13 years, it was significantly lower than in chil-
dren younger than 10 years. Conclusions. After halo-gravity traction
in children, the scoliosis angle decreased statistically significantly
(p <0.001), by an average of 36.5 + 14.9°, which is 34.0 + 14.1 %
of the deformity correction. The dynamics of correction does not
depend on the sex of children (p = 0.824). The deformity angle in
patients of group I (halo-gravity traction) before surgical correction
was statistically significantly less than in group II. This resulted in a
statistically significantly (p < 0.001) better outcomes of surgical cor-
rection in group I (59.4 £ 13.1 %) than in group II (46.6 £ 12.3 %).
Regardless of the treatment protocol, the better results of scoliosis
correction were observed in children under 14 years of age.
Keywords: halo-gravity traction; scoliosis
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AOCAIAIKEHHS PeHTTeHOAOTIYHOI KICTKOBOI
LLLIABHOCTI Y NALUIEHTIB 3 KICTKOBUMU MYXAUHOMMU
Y pQ3i 30CTOCYBAHHSA CErMeHTAPHUX KICTKOBUX

OAOIMMNAQHTATIB

Pestome. AktyanbHicTb. OAHVIMIM 3 YCKAQAHEHb QAOMAQCTUKU € MOPYLLEHHST MPOLIECIB KOHCOAAQLT KICTKM pe-
UMMIEHTA TA AAOIMIAQHTATA. HQ Lie YCKAQAHEHHS BIAMBAE HU3KA QQAKTOPIB: SIKICTH QAOIMIAQHTATA, CrOCi6 Moro
CTEePUAI3ALLIT, METOAMKA QikCALiy KICTL peumnieHTa T1Q QAFOPUTM MOAIXIMIOTeP Qi MiCAs BTOYHYAHHSI. Mera: A0-
CAIANTY 3MIHU LLIABHOCTI KICTKOBOI TKQHUHM Y PA3i 3QCTOCYBAHHST CEITMEHTQPHOI KICTKOBOI QAOMAQCTUKIM 3Q PI3HMX
YMOB Y MNALIEHTIB 3 NYXAMHAMM AOBIVX KICTOK. Martepiaan Ta Metoamn. [oOQHAAIZ0BAHO peHTreHorpammn 13 nawyi-
EHTIB MICASI QAOMAQCTUKN AEDEKTIB AOBIVX KICTOK 3 iKCALED MAQCTUHAMM Q60 BGAOKYKOYUMU IHTPAMEA YASIOHMI
CTOVKHSIMI i3 3QCTOCYBAHHSIM KICTKOBMX QBTOTOQHCIAQHTATIB. AOCAIAXKEHHST MOOBOAUAM: OAPQ3Y MICAST OriepaLii
D, yepes 1 mic. () Ta yepes 1 pik (). AOCAIAKYBAAM OMNTUYHY LLIABHICTb KOPTUKQABHOIO LLUAPY Y 4 Todkax: 1 —
KicTka peuumnieHTa Ha 10 CM BiA 30HM OCTEOTOMI, 2 — KICTKQ PELMMIEHTA HQ 2 CM BiA 30HM OCTEOTOMII, 3 — 30HQ
KOHTQKTY KICTKOBOIO QAOIMMAQHTATA TA KICTKU PeUMieHTa, 4 — KOPTUKAAbHUI QP QAOIMIAQHTATA. Pe3yAbTaTy.
Ha | TepMmiHi BUSIBAEHO, LLO Y XBOPMX 3 BIACYTHICTIO 30DOLLEHHST ONTUHYHQ LLIABHICTE 30HM KOHTAKTY OYAQ 3HQYYLLO
(p = 0,044) MeHLLOO, HK Y XBOPMX 3 HOPMQAABHOK KOHCOAiaQLjErD. Ha Il Ta lll TepMiHax onTmnyYHQ LLiAbHICTb 30HM
3 Y XBOPUIX i3 3OLLEHHSIM 3QAULLIAAQCS] MPOAKTUYHO HE3MIHHOO, MU HE3POLLEHHI LisT 30HA MOCTYroBO HAbMpAe
LUIABHICTB Bip, 99 = 18 0A. AC 172 £ 7 0A. ONTUYHA LWIABHICTE KOPTUKAABHOIO LLIAPY KICTKW Y TOYLi 1y NALiEHTIB 3
BIACYTHICTIO KOHCOAIAQLLiI 30HM KOHTAKTY 3MEeHLLYETLCS1 3 171 £ 11 0A. A0 163 £ 14 0A. (o = 0,042). Y naAuieHTiB i3
HOPMQOAbHUM 3[0OLLIEHHSIM LLIABHICTb Y il 30HI 3QAMLLQETLCST OAHAKOBOKO — y Mexxkax 200 o4, ONTUYHA LLIABHICTb
KICTKOBOI TKQHMHM QAOIMIAAQHTQTQ Y MALIEHTIB 060X MiArPYM 3 HACOM 3POCTAE, QAL Y MNALIEHTIB i3 3POLLEHHSIM LIEN
npouec BiaOyBA€ETLCS BIAbLL CTRIMKUMU TEMIQAMU. HQ | TEPMIH Y MALIEHTIB, SIKUM BUKOHYBAAM GiKCALIKO QAOIMIAQH-
TATQ CTOVKHEM, OMTUYHQA LLIABHICT KOPTUKAABHOIO LLUAPY KICTKW Y TOoYLi 1 (164 + 15 04.) T y TOYLi 4 (148 £ 23 0A.)
6YAQ MEHLLIOKO, HXK Y THX, KOMY BUKOHYBAAM pikCaLito MAQCTHHO (250 = 67 oA. Ta 176 + 17 OA. BIAMIOBIAHO). Y XBO-
PUIX, SIKMM 3QCTOCOBYBAAQCS QIKCALLiST AAOIMIAQHTATA MAQCTUHOK, HA Il Ta Il TePMIHOX CIOCTEPIraAM 3MEHLLEHHS
LLIABHOCTI KOPTUKQABHOIO LLIAPY KICTKM y TouLi 1 A0 202 + 40 oA, TQ 36iAbLUEHHST OMTUYHOI LLIABHOCTI Y TOYL 4 AO
205 £ 59 oa. [ip 4HOC AOCAIAXKEHHST B TOYLL 2 OMTUYHA LLIABHICTE KICTKOBOI TKQHMHM Mo QiKC AL MAQCTUHOMO 3 Ha-
COM 36inbLLYETLCS 3 184 £ 19 04. AO 211 £ 48 04., Y NAUIEHTIB 3 QIKCALEIO CTRWKHEM OMTUYHQ LLABHICTL Y TOYL
2 30 BECbh YAC CrIOCTEPEXEHHS 3AAMLLAETLCST 6€3 3MiH. ONTUYHA LLIABHICTE Y TOYLL 3 ricAsT onepaLli 3 pikcavjieto
MAQCTUHOKO BYAQ MEHLLIOK (98 + 46 04.), HK npu ¢ikcauil cTomkHem (121 + 44 oa.). OATUYHA LLIABHICTb y TOYL 3
npwv gikcauii TAQCTMHOK Yepe3d Pik 3GIAbLLUMAQCH YABIYI, A Moy Gikcauii CToMKHEM 36iAbLUEHHST OYAO MEHLL 3HQA-
YHUM. BUCHOBKM. BiaCYTHICTb KOHCOAIAQLT QAOIMIAQHTATQ TQ KICTKM PEeLMniEHTA COCTEPIrQAQCS BUKAKOYHO rpu
3QCTOCYBQHHI METOAMKN GIKCALLT TAQCTUMHAMU, SHKEHY ONTUYHY LLIABHICTb Y 30HI KOHTQKTY MOXXHQ MOSICHUTA HE-
LLIABHM KOHTOKTOM MK KICTKOKO TQ QAOIMIAAQHTQTOM, XO4YQ 3 HOCOM 30HQ KOHTQKTY 3MILIHKOETLCSI, MiL|HICTb HOBO-
YTBOPEHOIro KICTKOBOIro pereHepary He 3abesrnedye AOCTATHIO CTABIAbHICTb Y AQHIV rpyni nauieHTiB. oy 3QCTo-
CYBQHHI IHTDAMEAYASIDHOIO BGAOKYHOYOIO CTPUKHSI O3HAK MOPYLLEHHS MPOLECY KOHCOAIAQUIT He BYAO BIAMIHEHO,
Q KICTKOBQ TKAHWHQ Y LIIAOMY HQBOYBAAQ GIALLLOI LLIIABHOCTI.

KAKOUYOBI CAOBQL: KICTKOBI MyXAMHI,; OCTEOTOMISI; QAOIMIAQHTAT; LLIABHICTb
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Bctyn
CermMeHTapHa KiCTKOBa aJIOIUIACTMKA BEJIMKUX IIiC-
JApe3eKUiiHuX aedheKTiB JOBrMX KiCTOK — TOIIUpe-

He OiOpeKOHCTPYKTHMBHE OIepaTUBHE BTPYyYaHHS y pasi
JIIKYBaHHS MAIi€HTIB 3 KiCTKOBUMM myxJiMHamu |1, 2].
Jana MeTonMKa 3aMillleHHS TiCasIpe3eKIiinHuX 1eeKTiB
KiCTOK Ma€ HU3KY TepeBar Ta yCKJIagHEeHb, XapaKTepHUX
IJIsI IbOTO BUAY XipypTiyHUX BTpy4YaHb. OOHUMU 3 cep-
MO3HUX YCKJIAJHEHb aJIOTUIACTUKU € TTOPYLIEHHS Mpolie-
CiB KOHCoOJIialii KicTKM pelMIliEHTa Ta aJloiMILJIaHTaTa,
a TaKoX mepejioMu ajoiMmIuiaHTatiB [3, 4]. Ha po3BuTok
1IMX YCKJAIHEHb BIUJIMBA€ HU3Ka (PaKTOPiB — Bid SIKOCTi
aJloiMIUIaHTaTa, COco0y MOro cTepuiiszalii 40 METOAUKHU
iforo ¢ikcauii y KicTIi peluItieHTa Ta MPOBEACHHS I10-
JlixiMioTeparrii micyst ornepaTuBHOTrO BTpydyaHHs. Baxiu-
BUM JIJISI TPOTHO3YBAaHHSI PO3BUTKY MOPYIIEHHS TTPOIIECiB
KOHCOJIiZalii € TUM 3’ € THAHHS MiXX JOHOPCHKOIO KiCTKOIO
Ta KicTKOIO penumnieHTa. KiriHiuHI TOCTimKeHHs moKa3a-
JIM, 110 JIJIS KPAIIoro 3polleHHs MOTPiOHO 3aCTOCOBYBAaTHU
JKOPCTKY, CTabiIbHYy (ikcamito. Takox s cTadimizalii
BUKOPUCTOBYIOTh HaKiCHMIA Ta iHTpaMenyJIsipHUI OCTeO-
cuHTe3. Jledkumu aBTopamu OyJio BiJ3HA4eHO, 110 Yac-
TOTa MEPEJIOMiB aJIOTPAHCIUJIAHTATIB OiibIIa Y pa3i IXHbOI
dikcalii miIacTUHO0, HiX iHTpamMeayIsipHUMU (ikcaTo-
pamu. 3 iHIIoro 60Ky, iHTpaMenyisipHa dikcallisi, HaBiTh
i3 MPOKCUMAJIbHUM Ta TUCTATLHUM OJIOKYBAaHHSIM, MOXE
He 3a0e3IMeynuTu aaekKBaTHUX YMOB ISl 3polieHHs [5].
BuBueHHs IIiTbHOCTI KiCTKOBOI TKAHWMHM KiCTKH pPELIM-
Mi€HTa Ta KiCTKOBOTO aJoiMILJIaHTaTa 103BOJISIE BUSIBU-
TU OCOOJIMBOCTI IIpollecy nepedyaoBy ajJoiMIlJIaHTaTa Ha
pi3HUX TepMiHax [6].

MeTta: nocaimuTH 3MiHM IIUTBHOCTI KiCTKOBOT TKaHM-
HU Yy pa3i 3aCTOCYBaHHSI CErMEHTApHOI KiCTKOBOI aJlo-
TUIACTUKU 3a Pi3HUX YMOB Y MAIi€HTIB 3 MyXJINHAMU J0B-
TUX KiCTOK.

MarepiaAn Ta meToamn

VY naboparopii 6iomexaHiku 1Y «IHCTUTYT maToso-
rii xpebTa Ta cyrio6iB iM. npod. M.I. Curenka HAMH
YkpaiHu» Oyj0 IpOBEeIeHO PEHTreHOMETPUYHE MOCIi-
JKeHHSI ONTUYHOI IIUIBHOCTI KiCTKOBOI TKAaHWHM y Ta-
LIEHTIB, SKUM TIPOBOIMUJIOCS OTNeEpaTUBHE BTpPYYaHHS 3
MPUBOIY TYXJIMH KiCTOK. YCiM XBOpUM OyJI0 BUKOHAHO
BUIAJICHHSI TyXJIMHU en block Ta 3aMillleHHST miclsipe-
3eKIIHOTO nedeKTy MJOBroi KiCTKM CerMeHTapHUM KiCT-
KOBUM aJIOiMILJIAaHTAaTOM, 110 OyB (hiKCOBaHMII PiZHUMU
MeToauKamu. JdochnigkeHHsT MPOBOAWIN 3a JOMOMOIOI0

ﬂ Pertrenorpammbl - [DAACER\OTuetei4 stax\[onoBuHa\6a3a peHTreH ANR 3.  — a *
@ Qain  Owno  Cnpaexa - & x
Terywes ypenH4EHHE

Upenmetue |0 v|%

Pasmepe usofpanessa
w= 1119 Ha |4407
Nosiauma kypcopa

X= |30 Y= (1590
ArTHEHO® BLOENEE
K=| Y=
x2= Y2=

Brnenerue _I'Ipocmarb Wstieperiin

X = 550 Y = 1580 Apx = 155
PucyHok 1. doro iHTepgericy nporpamHoro

komriekcy X-rays

MPOTPaMHOTO KOMILIEKCY X-rays, po3pobyieHoro B Xap-
KiBCbKOMY HalliOHAJbHOMY YHIBEPCHUTETI pamioeeKTpo-
Hiku [7-9] (puc. 1).

byno npoaHajnizoBaHO peHTreHorpamu 13 malli€HTiB,
SIKUM BUKOHAHO CErMEHTapHY KiCTKOBY aJIOTJIACTUKY
micasipe3ekuiitHux aedekTiB JOBrUMX KicToK 3 (ikcarti-
€10 IUIACTUHAMKU abo0 OJIOKYIOUMMU iHTpaMenyJsipHUMU
CTPMIKHSIMHU, a TAaKOX JOJATKOBO Y 30Hi KOHTaKTy ajio-
iMITaHTaTa Ta KIiCTKM PpELUITiEHTa 3aCTOCOBYBAJIMCS
KiCTKOBI aBTOTpaHCIUIaHTaTU. Po3Imomin naieHTiB 3a JIo-
KaJli3alli€lo BOTHUIIA Ta METOAMKOIO (pikcallii cerMeHTap-
HOTO ajoimMIIaHTata OyB Takuii: 6 (46,2 %) maiieHTiB 3
JIoKasti3alli€lo MyxXJIMHHOTO MPOolLiecy Y CTerHOBIM KicTii, 7
(53,8 %) naiieHTiB — y BeJIMKOTOMIJIKOBI# KicTii. [Tepe-
BaXKHO ypaxkaJucs MeTaaiadizapHi YaCTUHM IOBIUX Kic-
ToK. MeTtonuka ¢ikcallii ajoiMIIaHTaTa 3a JOTIOMOTOI0
iHTpamMenyasipHUX OJIOKYIOUUX CTPUXKHIB OyJ1a 3aCTOCOBA-
Ha 'y 6 Bumaakax (46,2 %), a MeToauKa , 110 nepeadavaia
(ikcariito ajoiMIIaHTaTIB MUIACTUHAMU, — y 7 BUTIAIKax
(53,8 %) (tabm. 1).

IMamienTam 3 ypaxXeHHSIM CTETHOBOI KicTku (46,2 % BU-
MMajaKiB) OyJ10 BUKOHAHO (piKcallito CerMeHTapHOIO aJI0iMII-
JIaHTaTa 3a JOITOMOTOI0 HaKiCHOro ocreocunresy y 30,8 %
BUMAAKIB, iHTpaMeIyJSIpHOro OJIOKYIOUOTO CTPYIKHSI — B
1 BUManky Ta aJJOKOMIO3UTHOTO €HIOMPOTE3yBaHHSI — B
1 Bunagky (o 7,7 %). IlatieHTaM 3 ypaxkeHHSIM BEJIUKO-
TOMIJTKOBOI KicTKH (53,8 % BUMAAKiB) OYJI0 BUKOHAHO (DiK-
calito ajoimMIIaHTaTa rulactuHamu y 23,1 % BumazakiB Ta

Tabnuus 1. Po3noain nayieHTiB 3a 1okanisauieto Ta MeTogoM Qikcauii cerMmeHTapHuUxX anoiMmniaHTaris
y kictyi, n (%)

MeTopn dikcauir
Jokanisauis IHTpameaynspHwii 610- Pasom
HakicHuin ocTeocuHTEe3 | Kyloumii (aJloOKOMMO3UTHE
eHaonpoTe3yBaHHS)
CTterHosa KicTka 4 (30,8) 2(15,4) 6 (46,2)
Benukorominkosa kictka 3(23,1) 4 (30,8) 7 (58,8)
Pasom 7 (53,8) 6 (46,2) 13 (100,0)
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iHTpaMeIyasIpHUM OJIOKYIOUMM cTprkHeM — Y 30,8 % Bu-
naakiB. PeHTreHorpaMm BCiX MAli€HTIB OyJIO HOCITIIKEHO
y pi3Hi TepMiHU TTiCJIs OTepaTUBHUX BTpyYaHb — Binpasy
nicyst onepatiii (I), uepes 1 micsun (I1) Ta y Binnaneni rep-
MiHn — Bix 5 mo 12 micsmis (111).

PeTpocrieKTuBHO [OOCTIMXKyBadd ONTUYHY IIUIBHICTH
KOPTUKAJIBHOIO Iapy y 4 Toukax: 1 — KicTKa peluIieHTa
Ha 10 cM Big 30HUM oCTeoTOMii, 2 — KiCTKa peluIlieHTa Ha
2 CM BiJI 30HM OCTEOTOMIl, 3 — 30Ha KOHTaKTy KiCTKOBOTO
aJloiMIUIaHTaTa Ta KiCTKU pelMIieHTa, 4 — KOPTUKAJIbHUI
1ap ajioiMruianTara (puc. 2).

OtpumaHni naHi 0yim 06po6eHi ctTaTucTUaHO. OIIHKY
ONTUYHOI IIUITLHOCTI y MAIi€HTIiB MPOBOAWIN i3 po3pa-
XYHKOM cepenHboro (M) BubipKM Ta iOTO CTaHZApPTHOTO
BimxuneHHs (SD). [TopiBHSIHHS IBOX rpyn IIPOBOAMIIN 3a
monoMoro T-TecTy mjis He3aleXXHUX BUOIPOK, OLIHKY
MOBTOPHUX BHUMIipIOBaHb (TpU MEPiOAM CIOCTEPEXKEHb)
MNPOBOJAMIM 3a METOAOM 3arajbHoi JiHiliHOI Momei
(3JIM) st MOBTOPHUX CIiOcTepexkeHb (kputepiit [Tinnast

(F, p) [10].

Pe3yAbTaTU TO OGrOBOpPEHHS

OuiHtoBanocs yCKJIaaHeHHs (TUn 2 3a Kiacudikailieto
YCKJIAAHEHb Micisi GiOpEKOHCTPYKTUBHUX ONEPATUBHUX
Brpy4aHb 3a E. Henderson et al., 2014) — BincyTHicTh 3po-
IIEHHSI KiCTKW PelLMITiEHTAa Ta KiCTKOBOTO CETMEHTapHOTO
anoimrianTtara [11]. Cepen nociimkyBaHOI rpynu Nalli€H-
TiB, y IKMX aHaIi3yBaJld ONTUYHY IIILHICTD 32 PEHTITEHO-
rpaMamu, y 3 BUIIaAKaxX He BiI3HAdaJloCcs 3pOIIEHHS KiCT-
KM pelMIliEHTa Ta ajoiMmIiuiaHtata. IlepeBaxkHo 1ie Oyau
MHalLi€HTU 3 YpaxKe€HHSIM MaTOJOTIYHUM ITPOLIECOM CTETHO-
BOI KiCTKM, Ta y LIMX BMITaJKax 3aCTOCOBYBABCsI HaKiCHUM
oCTeocuHTe3 s (pikcallii agoiMIuiaHTata. Y Malli€HTIB 3
JIOKaJTi3ali€lo MyXJIMHHOTO MPOLIECY Y BEIUKOTOMITKOBIN
KiCTIi YCKJIaAHEHb 3 MOPYIIEHHSIM KOHCOJIiallii He 0y10
BiI3HAYEHO.

[IpoBeneHO MOpPIBHSUIBHUIA aHaJi3 3HaUY€Hb ONTHUYHOI
IIJIBHOCTI KiCTKOBOI TKAHWHM Y TAILEHTIB 3 HAsBHICTIO
3POILEHHS KiCTKM Ta aJloiMIUIaHTaTa Ta MALEHTIB, Y IKUX
crocTepirajacsl BiICYTHICTb KOHcodimauii maHux dpar-
MEHTiB (TabJ1. 2).

IIpoBeneHnii cTaTUCTUYHMI aHai3 BUSIBUB JI€SIKi OCO-
OJIMBOCTI MOBEAIHKY KiCTKOBOI TKAHUHU Yy XBOPUX i3 KOH-
COJIIIOBAHOI0O Ta HEKOHCOJiOBAaHOIO 30HOI0 KOHTAaKTy
ajoimMriaHTara ta Kictku. Ha I TepmiHi crioctepeskeHHst
(mticast omepattii) OyJ10 BUSIBJIEHO, 110 Y XBOPHX 3 BiJICYTHiC-
TIO 3POLIEHHST ONMTUYHA NIUIBHICTh 30HM KOHTAKTY (TOYKa
3) 6yna 3Hauyio (p = 0,044) menmoro (99 £ 18 ox.), HIX Y
XBOPUX 3 HOpMaJIbHOIO KoHcoumigauieto (160 £ 40 ox.). Lle
CBiIUMTH MPO HEIIIIbHUM KOHTAKT MiX KiCTKOIO PeLMITi-
€HTa Ta aJIOIMIJIAHTATOM i Yac ONepaTMBHOIO BTpyYaH-
Hs. ani 3 yacom (Ha 1l ta I1I TepmiHax cmocTepekeHHs)
OMNTUYHA UIiIbHICTh 30HM KOHTAKTY (TOUKa 3) y XBOpHX i3
3POIIEHHSIM 3ajJMIanacsl NpakTUYHO HE3MiHHOI — Bif
160 £ 40 ox. mo 167 £ 52 ox., y TO 3Ke yac MpU HE3POILEH -
Hi 1 30Ha MOCTYNOBO HabMpae MIiIbHICTh Bin 99 * 18 ox.
no 172 = 7 on. Leit mpoiiec intoctpoBaHo Ha puc. 3B. 3a
manumu 3JIM, pi3HuIl y AMHAMILI IIIBHOCTI 30HU KOH-
takty HeMae (F = 1,985; p = 0,232), uepe3 | pik micns omne-

PucyHok 2. CxemaTtu4He 300pa>keHHsI TOYOK BU-
MiprOBaHHSI ONTUYHOI LWiSIbHOCTI KOPTUKAJIbHOIO
wiapy KicTku peuurieHTa Ta KicTKOBOIro asoiMraaH-
tara: 1 — kictka peuunieHta Ha 10 cM Big 30HU OC-
TeoTomii, 2 — KicTka peuunnieHTa Ha 2 CM Big 30HU
OCTEeOTOMii, 3 — 30Ha KOHTaKTy KICTKOBOIro asioimri-
JlaHTaTa Ta KiCTKu peuurnieHTa, 4 — KOpTUKasabHUNA
wap asnoiMmnnaHrara

pailii onTUYHA IIUTBHICTD B 000X IpyIiax HaOIMKAETHCS J0
OJIM3BKUX PiBHIB.

V pasi aHamizy ONTUYHOI IIUILHOCTI KOPTUKAJIbHOTO
1apy Kictku perumieHTa y Touti 1 (Ha 10 cM Big 30HU oc-
TEOTOMil) Y IMalli€HTIB, y IKUX OyJia BiICYTHSI KOHCOJima-
LIS KICTKM Ta aJoiMIlJIaHTaTa, CIOCTEPIraeTbcsl MOCTYIO-
Be 3MeHIIeHHs miibHOCTI 3 171 £ 11 ox. mo 163 £ 14 on.
(p = 0,042 Ta p = 0,05 BignmoBigHO) 3a BECh MEPioj CrIOCTe-
peXeHHsI. Y TallieHTIB i3 HOPMaJIbHUM 3POIIEHHSM KiCT-
KM Ta aJloiMITIaHTaTa IIUTbHICTD Y 1Iiil 30HI 3a/IMIIAETHCS
MIPaKTUIHO OmHaKoBoio — y Mexax 200 om. JmHamiky
OINTUYHOI IIUJIBHOCTI KOPTUKAJIBHOIO IIApy KiCTKU peLu-
mieHTa y Toui 1 (Ha 10 cM Big 30HM OCTEOTOMIi) HaBeIEHO
Ha puc. 3a. K MoxXHa CynuTH 3a Aiarpamolo, TitbKu Ha 11
eTari crioctepexxeHHs (6 MicsLiB Mmicis onepariii) Biamiva-
€ThCS CYTTEBA PI3HULIS B ONTUYHIN 1IITBHOCTI KOPTUKATb-
HOTO Iapy, Xo4ya 3MiHM He CATalOTh CTATUCTUYHOI 3HAYY-
mocTi (F = 6,639; p = 0,062), yce X pi3HULS B TMHAMIILi
MOMiTHa.

3MiHa ONTUYHOI IIUTLHOCTI KiCTKOBOI TKAHMHU Y TOY-
i 2 (KicTKa peluIlieHTa Ha 2 CM Bill 30HM OCTEOTOMii) y
XBOPHUX 000X ITiArPYIl 3a BECh MEPiO CIIOCTEPEXKEHHS 3a-
JIAIIAETHCS MPAaKTUYHO oxHakoBolo (F=2,736;p=0,173),
NMHaMiKa ii HaBeJeHa Ha puc. 30.

OnTUyHa IIABHICTh KiCTKOBOI TKAHWHU ajloiMILIaH-
TaTta (Touyka 4) y mauieHTiB 000X MiArpymn 3 4acoM 3poc-
Ta€, OJHAK y Mali€HTIB i3 3pOLIEHHSIM L€l mpolec Bii-
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Tab6nuusa 2. Pe3ynbTaTtvl aHasi3y ONTUYHOI LWiIbHOCTI KICTKOBOT TKaAHUHW y NAaLiEHTIB i3 3pOLEeHHIM
Ta BigCYTHICTIO KOHCOigauii KiCcTKu Ta KiCTKOBOIro asioiMrniaHTarta

OnTnYHa WiNbHICTb KiCTKOBOT
30Ha BUMIpIOBaHHS TKaHUHU Ha PiSHUX TepMiHaxX 3/IM
ONTUYHOT WinbHOCTI | . P‘reiaqyunobr?;i ) CMoCTEepeXeHHs, oA. (ouiHka
Ha peHTreHorpamax pyp Ky 1] (qe e3 m ('-Ie e3 MDKrpynoBmux
BaHHA I (nicna (4yep: epes .
(Toukm) = 1 mic. nicna | 5-12 mic. nicnsa ¢dakTopis)
onepauii) onepauir) onepawuir)
3poLLeHHs 199 + 58 216+ 19 204 £ 23
T 1 (i Bi - - F=6,639
ouka 1 (kicTka iICYTHICTb KOHCOJi- =0,062
pgumnieHTa na 10 cm paui 171 £ 11 163 £ 25 163+ 14 p
B 30HM OCTEOTOMIT) | L M t=0,847 t=2,941 t=2,660
nigrpynamm p=0,481 p=0,042 p =0,056
3poLueHHs 196 + 11 204 £ 23 191 +49
T 2 ( Bi - - F=2,736
ouka 2 (kicTka iICYTHICTb KOHCOJi- =0,173
peuyienTa Ha2om | aaui 169+ 13 162+ 15 177+8 p
BiAl 30HY OCTEOTOMIl) CTart. pisHULS Mix t=2,709 t=2,644 t=0,491
nigrpynamm p=0,054 p=0,057 p =0,649
3poLLeHHs 160 =40 161 + 36 167 £52 F=1085
Touka 3 (30Ha . . . =1,
KOHTaKTYy asioiMniaH- Bg”'(i;.?’TH'CTb Kowconi- 99+ 18 133+ 11 1727 p=0,232
TaTa Ta KiCTKn Aau
peuunieHTa) CTart. pisHULS Mix t=2,406 t=1,291 t=-0,154
nigrpynamm p=0,044 p =0,266 p=0,885
3poLLeHHs 154 + 23 192+ 44 226 = 31
. - ) F=0,462
Toua 4 DIACYTHICTL KOHGOMI- | 165 + 31 165 + 38 190 + 40 p=0,534
(anoimnnaHTar) Aany
CTart. pisHULS Mix t=-0,496 t=0,830 t=1,234
nigrpynamm p = 0,646 p=0,453 p=0,285

Ta6auusa 3. AuHamika onTUYHOT WiNIbHOCTi TKAHUHU KICTKU peunrieHTa Ta KicTKOBOro asioiMniaaHTara
3aJlexxHo Bif 3aCTOCYyBaHHS Pi3HUX MeToauk gikcauii

OnNTUYHA LWiNbHICTb KiCTKOBOI
30Ha BUMIpIOBaHHS MeTopn dikcauii TKaHUHU Ha PISHUX TéPpMIHaxX 3/IM
ONTUYHOT LWiSIbHOCTI KICTKOBOro cnocrepexeHHs (oa.) (ouiHka
Ha peHTreHorpamax anoimMnnaHTara 5 Il (yepes Il (yepea MiXrpynoBux
(ToukM) Ta KicTKM peuunieHTa oln(:";ml_'n 1 mic. nicnsi | 5-12 mic. nicns | PakTopis)
pauy onepawii) onepa.uiir)
MnacTuHa 250 =67 207 +8 202 +40 F=3,862
Touka 1 (kicTka =0,097
pewnienTa Ha 10 oM CTpuixeHb 164 + 15 173 +48 173+ 34 p
BifL 30HM OCTEOTOMii) | CTaT. Pi3HMLIA MiX t=2,503 t=1,391 t=1,002
nigrpynamm p=0,082 p=0,202 p=0,355
MnactuHa 184+ 19 188 + 30 211+48 F=5,755
Touka 2 (kicTka =0,053
pewvnieHTa Ha 2 CM CTpuixeHb 163 £ 28 158 £ 33 167 £ 31 p
BiJ, 30HM OCTEOTOMIi) | CTart. pi3HMLA MiX t=1,277 t=1,460 t=1,568
nigrpynamm p=0,237 p=0,182 p=0,168
Touka 3 (3oHa MnacTtuHa 98 + 46 114 £ 37 188 £ 35 F=0,796
KOHTaKTy anoimnnaH- | CTpmxeHb 121+£44 136 =38 135+29 p=0,407
peLmmieNTa) Crar. pisHuLs Mix t=-0,815| t=-0,924 t=2,145
nigrpynamm p=0,439 p=0,382 p=0,076
MnactuHa 176 £17 184 + 48 205+ 59 F=3242
Touka 4 (anoimnniaH- =0,105
TaT Ha 5 CM Bif 30HM CTpuxeHb 148 + 23 147 £ 23 177 + 38 p
OCTEOTOMIi) Crar. pisH1LSA Mix t=2,067 t=1,629 t=0,806
nigrpynamm p=0,073 p=0,142 p=0,451
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OyBa€ThCS OLIbII CTPIMKUMU TeMIlaMu (puc. 3r), ajie Mae
O/IHAKOBY CIPSIMOBAHICTb PO3BUTKY, IO i OOYMOBUJIO
BiZICYTHiCTh pi3Huii B muHamini (F = 0,462; p = 0,534).
Lle cBimunTh TIPO Kpaliy nepedynoBy KiCTKOBOTO aloiMIT-
JIaHTaTa y pa3i HassBHOCTI KOHCOJIiAaIlii ajjoiMIIaHTaTa Ta
KiCTKHU peluIli€HTa.

IIpoananizyeMo 3MiHYy ONTHYHOI IMJIBHOCTI KiCTKOBOL
TKAaHWHM Y pa3i 3aCTOCYBaHHS Pi3HMX METOOUK (ikcarlii
KiCTKOBOTO aJIoiMITJIaHTaTa 3 KiCTKOIO pelUITi€EHTa: 3a 10-
TMOMOTOI0 iHTPaMEeIyJISIPHOTO CTPYIKHS Ta 3a JIOTTIOMOTOI0
iacTuHu (Taba. 3).

3a JaHUMU CTATUCTUYHOTO aHanidy, Ha | TepmiHi
CIIOCTEpPEXEHHS (Biapasy ITic/isi onepaTUBHOIO BTPY-
YaHH$) Yy Nalli€eHTiB, IKUM BUKOHYBau (ikcallito ago-
iMIUIaHTaTa iHTpaMeayJsipHUM OJTOKYIOUMM CTPUXHEM,
ONTHUYHA MIiIJIBHICTh KOPTUKAJIBHOTO IIapy KiCTKU Yy
touuli 1 (Ha 10 cM Bim 30HU ocTteoToMii) (164 £ 15 oxn.)
Ta KOPTUKAJbHOIO IIapy ajoiMILIaHTaTa (Touka 4) Oyna
meHma (148 = 23 ox.), HiXX y TUX, KOMYy BUKOHYBaJIl
dikcauio miaactuHolo (250 £ 67 ox. ta 176 £ 17 on.
BiAmoBinHo) (puc. 41). Byj1o BU3HaUYeHO, 1110 Y XBOPUX,

SIKMM 3aCTOCOBYBaJjacs ¢ikcallis aJoiMIuiaHTaTa Tiac-
TUHOIO0, yrpoaoBx crnoctepexxeHHs (I1 ta II1 Tepminnm)
BiZIOYBa0OCs MOCTYIOBE 3MEHIIIEHHS 1IiJTbHOCTI KOPTU-
KaJbHOTO mapy KicTku y Toumi 1 (Ha 10 cM Bim 30HHU
octeoToMmii) mo 202 *+ 40 ox. Ta 30iNbIIEHHS ONTUYHOL
IIiAbHOCTI Yy Toulli 4 (KOpTUKAJIBHUI IIap ajJoiMILIaH-
tata) 1o 205 + 59 on. Ha peHTreHorpamax mnati€eHTiB,
SIKUM BMKOHYBaJM Qikcalilo ajgoiMIUIaHTaTa CTPMK-
HeM, 3 yacoM (II ta III Tepminu) croctepiraau 30iJb-
IIEeHHS ONTUYHOI IIIJIBHOCTI Y To4lli | (KOPTUKaIbHUI
map KicTku perunieHTa Ha 10 ¢cM Bif 30HU OCTEOTOMii)
(173 £ 34 on.; puc. 4a) ta y toulli 4 (KOpTUKaIbHUI
map anoimriantarta) (177 + 38 on.). Xoua nuHamika
IIiIbHOCTI KOPTUKAJIBLHOTO IIapy B 000X IIiArpyIax He
HabyJia cTaTUCTUUYHOI 3Hauy1nocTi (p = 0,097), pizHuLsa
MiX HiITpyHaMM SIBHO ITPOCTEXYETHCS.

Ilig yac mociaigXeHHsS TOYKM 2 (KicTKa pelumieH-
Ta Ha 2 CM BiJl 30HM OCTEOTOMIil) ONTHUYHA ILIiJAbHICTH
KiCTKOBOI TKAHMHM y BUMAIKax, KOJU Oyja 3aCTOCO-
BaHa (pikcallisg ajoiMmiaHTaTa IUIACTUHOIO, 3 4aCOM
(IT ra II1 TepmiHUM cTiOCTEepEKEHHS ) 30iMbIIYETHCS — 3
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PucyHok 3. lnHamika onTUYHOI WisIbHOCTIi 3a TepMiHaMu CrioCTEPEXXEHHS (3POLYEeHHS/HEe3POLYEHHS):
a) kictka peuumnieHTa Ha 10 cM Big 30HN OCTEOTOMiIi; 6) KicTka peuunieHTa Ha 2 cM Big 30HN OCTEOTOMii;
B) 30HA KOHTAaKTY KiCTKOBOroO asioiMr/laHTaTa Ta KiCTKU peyurieHTa; r) KopTukasabHUN Lap ajoiMmniaHrara
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184 = 19 on. no 211 + 48 on. Y mauieHTiB, IKUM Oysa
BUKOHaHa dikcallisi ajoiMILUIaHTaTa iHTpaMemaysip-
HUM OJOKYIOUMM CTPUXHEM, OMNTUYHA IIiJIbHICTD Y
TOUlli 2 3a BeChb Yac CIOCTEPEXKEHHS 3aJTUIIAETHCS
MPaKTUYHO y TUX CaMUX MeXax — Big 163 + 28 ox. no
167 £ 31 ox. Pi3HuuUg MiX OMHAMiKOI LIIJILHOCTI y
pasi 3acTocyBaHHS pi3HMX MeTOIUK (iKcallil cerMeH-
TapHOTro ajoiMIuianTata He3Hauyma (p = 0,053), xou i
HaOaMXa€eThes 00 Hel (puc. 40).

AHani3 3MiHM ONTUYHOI IIIJILHOCTI 30HU KOHTAaKTYy
ajJloiMIIJIaHTaTa Ta KiCTKU pelunieHTa (Toyka 3) moka-
3aB, 110 TMIEPBUHHO, MicCJs oIepallii ii MiabHICTh y pa3i
3aCTOCYBaHHS TUIACTUHU JUTS (pikcalii ajoiMIuiaHTa-
Ta 6yna MmeHInolo (98 *+ 46 oa.) MOPiBHSIHO 3 JAHUMU
peHTreHorpam IMauieHTiB, IKMM OyJI0 BUKOHAHO (ikca-
1ito iHTpaMeayJasipHUM OJIOKYIOYUM cTpuxHeMm (121 £
* 44 onx.). OnTUYHA WIJIBHICTh Y JOCTIIKYBaHIN TOYIIL
(Touka 3) y pa3si ¢ikcaiii IacTUHOIO Yyepe3 piK 30i1b-
muaach BaBivi — g0 188 = 35 ox., Toxi K y pa3i ¢ikca-
il iIHTpaMenyaspHUM CTPUKHEM 30iJbIINIaCh YChOTO
no 135 £ 29 on., Ta mMpakKTUYHO 30i7bLIEHHS IIiTbHOCTI

BimbyBasocst B miepiri 6 micamiB (136 = 38 ox.). JlunHa-
MiKa 3pOCTaHHSI OINTUYHOI IIIJIbHOCTI Ma€ OIHAKOBY
CHPSIMOBAHICTh, TOMY CTAaTUCTUYHO HE BiIpi3HSIETHCS
(p =0,407) (puc. 4B).

BucHoBku

V pesynbrati aHali3y peHTreHOrpaM TAlliEHTIB 3 TyX-
JINTHAMM JOBTUX KiCTOK, SIKMM TPOBOIUIUCS OIEpaTUBHI
BTpyYaHHSI (BUOAJICHHSI IyXJIWMHU en block, 3amilneHHs
MmicIsIpe3eKIiiHOTO AedeKTy KiCTKM CerMEHTapHUM KiCT-
KOBUM aJIOIMILIAHTaTOM), OYyJ10 BUSIBIEHO YCKJIaTHEHHS,
MOB’si3aHe 3 IOPYIIEHHSIM KOHCOJidalii ajoiMIuiaHTaTa
Ta KicTku peumitieHTa. [IpoBeneHe DOCTiIKEHHST ONTUY-
HOI IIIJIBHOCTI KICTKOBOI TKAHWHU Yy CHUCTEMi <«aJloiMII-
JIAHTaT — KiCTKa pelrIMi€eHTa» Ha Pi3HUX PiBHSIX 3aJ€XHO
BiIl TepMiHiB crocTepekeHHsI. BimcyTHicTh KoHcoJigalii
aJloiMITIaHTaTa Ta KiCTKM peIUITiEHTa CIIocTepiransacs BU-
KJTIOUHO Y pa3i 3aCTOCYBaHHS METOIMKU (hiKcallii aloiMIT-
JIaHTaTa TJacTUHAMU. Y LIMX BUIAIKaX BimMivaaacs 3HU-
JKeHa ONTUYHA IIUTbHICTD Y 30HI KOHTAKTY aJ0iMILIaHTaTa
Ta KiCTKHU peluIli€eHTa Binpa3y micjs omepallii, 1110 MOXHa
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MOSICHUTU HEIIJTbHUM KOHTAaKTOM MiX KiCTKOIO Ta cer-
MEHTapHUM ajoiMmIuiaHTaToM. He3Baxkarouu Ha Te, 1110 3
4acoM 30Ha KOHTAaKTY 3MillHIOEThCS, MilITHiCTb HOBOYTBO-
PEHOTO KiCTKOBOTO pereHepaTy He 3a0e3reduye JTOCTaTHIO
CTaOUIBbHICTD B AaHi# rpyIi namieHTiB. Kpim Toro, y xBopux
3 BiZICYTHICTIO KOHCOJIiallil CIIOCTEPirajii TAKOX 3HIDKEHY
OINTUYHY IIJIbHICTh KOPTUKAJIBHOTIO 11Aapy KiCTKH.

VY pasi 3acTocyBaHHS iHTpaMemyIsIpHOIO OJIOKYIOUOIO
CTPYKHS Il (hikcallii KiCTKOBOIO ajloiMILJIaHTaTa O3HaK
MOpYLIEHHS Mpoliecy KOHcolifauii He Oy0 BiIMidyeHO, a
KiCTKOBa TKaHMHA y 1ijioMy (KiCTKa peluItieHTa Ta ajo-
iMILTAHTAT) C IUIMHOM Yacy HaOyBaJla OilbILIO1 LIIIbHOCTI.

Takum yrHOM, Yy pasi 3aCTOCYBaHHSI CETMEHTapHUX KiCT-
KOBHUX aJIOIMITIAHTATIB I 3aMIIEHHS TMiCIIIpe3eKIiMHIX
nedeKTiB JOBIMX KiCTOK BUKOHAHHS (pikcallii ajoiMIutanTa-
Ta 3a JIOIOMOTIOIO iHTpaMemy/ISIPHOTO OJIOKYIOUOTO CTPHKHSI
3MEHIIYE KiJIbKICTh YCKIaIHEeHb, MOB’SI3aHUX 3 OPYILIEHHSIM
MpolLecy KOHCOJTiALlil ajloiMIUIaHTaTa Ta KiCTKY pelUIIieHTa.

Konduikr inTepeciB. ABTopu 3asiBJISIIOTH TIPO BiICYyT-
HiCTb KOH(UIIKTY iHTepeciB Ta BJlacHOI (hiHAHCOBOI 3alli-
KaBJIEHOCTI TIPY TiJITOTOBIi JaHOI CTATTi.
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Examination of X-ray bone density in patients with bone tumors using segmental bone aloimplants

Abstract. Background. One of the complications of alloplasty is a
violation of the processes of consolidation of the bone of the recipi-
ent and the aloimplant. This complication is affected by a number
of factors: the quality of the aloimplant, the method of its steriliza-

tion, the methods of fixation in the bone of the recipient, and the
algorithm of polychemotherapy after the intervention. The purpose
was to study changes in bone density when using segmental bone
alloplasty under different conditions in patients with tumors of long
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bones. Materials and methods. The radiographs of 13 patients after
alloplasty of long bone defects with fixation with plates or blocking
intramedullary rods using bone autografts were analyzed. The study
was carried out immediately after the operation (1), after 1 month
(II) and after 1 year (I111). The optical density of the cortical layer
was studied at 4 points: 1 — the recipient’s bone at 10 cm from the
osteotomy zone, 2 — the recipient’s bone at 2 cm from the oste-
otomy zone, 3 — the contact zone of the bone aloimplant and the
recipient’s bone, 4 — cortical. Results. At the 1 term, it was found
that in patients with no fusion, the optical density of the contact
zone was significantly (p = 0.044) less than in patients with normal
consolidation. At the 11 and I1I terms, the optical density of zone 3
in patients with fusion remained practically unchanged; with non-
union, this zone gradually gains density from 99 + 18 units up to
172 = 7 units. The optical density of the cortical layer of the bone
at point 1 in patients with no consolidation of the contact zone de-
creases from 171 £ 11 units up to 163 £ 14 units (p = 0.042). In
patients with normal union, the density in this zone remains the
same within 200 units. The change in the optical density of the
allograft bone tissue in patients of both subgroups increases with
time, but in patients with fusion, this process occurs more rapidly.
At term I, in patients who underwent fixation of the aloimplant
with a rod, the optical density of the cortical layer of the bone at
point 1 (164 % 15 units) and at point 4 (148 £ 23 units) was less

than in those who underwent fixation with a plate 250 £ 67 units
and 176 £ 17 units, respectively. In patients who used fixation of
the aloimplant with a plate at terms II and III, there was a decrease
in the density of the cortical bone layer at 1 point to 202 £ 40 units,
and an increase in optical density at point 4 to 205 £ 59 units. When
examining at point 2, the optical density of bone tissue during fixa-
tion with a plate increases with time — from 184 £ 19 units up to
211 % 48 units, in patients with rod fixation, the optical density
at point 2 remains unchanged throughout the observation period.
The optical density at point 3 after the operation during fixation
with a plate was less (98 £ 46 units) than during fixation with a rod
(121 £ 44 units). The optical density at point 3, when fixed with a
plate, doubled in a year, and when fixed with a rod, the increase
was much less. Conclusions. The absence of consolidation of the
aloimplant and the bone of the recipient was observed only when
using the plate fixation technique. The reduced optical density in
the contact zone can be explained by the non-tight contact between
the bone and the aloimplant, although the contact zone strengthens
over time, the strength of the newly formed bone regenerate does
not provide sufficient stability in this group of patients. With the use
of an intramedullary locking nail, there were no signs of violation
of the consolidation process, and the entire bone tissue acquired a
greater density.

Keywords: bone tumors; osteotomy; aloimplant; density
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FEAR index in the diagnosis
of hip instability in patients with cerebral palsy.
FEAR index and migration percentage
in mathematical modeling of hip instability
in cerebral palsy

Abstract. Background. The high incidence of hip instability in different groups of patients with cerebral palsy
and the factors that may influence its formation are relevant to the study. The purpose was to establish the diag-
nostic value of the Femoro-Epiphyseal Acetabular Roof (FEAR) index to determine hip instability in patients with
cerebral palsy. Materials and methods. The fotal number of patients was 39 (70 joints). We performed clinical
and radiographic examination of the hip joints using our methods and standard anterior posterior radiographs,
which determined the FEAR index and other parameters. Mathematical modeling and statistical analysis of hip
parameters and factors that may lead to the hip instability were also performed. Results. Correlations have been
established between the FEAR index and hip parameters, as well as factors that may affect it. Mathematical
models were created based on the parameters in both positionings to determine the hip instability. Conclusions.
The FEAR index showed good diagnostic value, but the migration percentage was more reliable in detecting hip
instability in patients with cerebral palsy.

Keywords: cerebral palsy; hip joint: mathematical modeling; radiogrammetric indicators; migration percen-

tage, FEAR index

Introduction

Determination of hip instability is the main goal of pe-
diatric orthopedists in patients with cerebral palsy (CP).
Early detection of hip displacement is the basis of many
screening systems due to the high frequency of spastic hip
dislocation in this category of patients. Bone and joint pa-
thology in combination with muscle imbalance leads to
decentralization of femoral head and progression of hip
instability.

The described features encourage researchers to look for
diagnostic indicators that can detect hip instability and pre-
vent hip displacement in patients with CP, to switch from
conservative to surgical treatment in time.

The main current parameter for determining the hip
instability in patients with CP is the migration percentage

(MP) [1]. A large amount of researches have investigated it,
as well as screening systems have been developed. In 2016,
a team of Swiss authors proposed a new parameter for the
diagnosis of unstable or stable hip with borderline dysplasia
named the Femoro-Epiphyseal Acetabular Roof (FEAR)
index. It demonstrated good reliability in detecting insta-
bility in patients with developmental dysplasia of the hip
(DDH) [2]. Additional factors that contribute to instability
include femoral torsion (FT), acetabular roof inclination,
and neck-shaft angle (NSA) [2]. These parameters are often
pathologically altered in patients with CP, the early diagno-
sis of which is extremely important.

This prompted us to study the FEAR index in more de-
tail, to find dependencies with the parameters of the hip
joint (HJ) and the factors that may affect it. We were inte-
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rested whether it could replace the MP to diagnose hip in-
stability in patients with CP.

The purpose of the study was to establish the diagnostic
value of the FEAR index to determine the hip instability in
patients with cerebral palsy.

Materials and methods

Our research is based on a study of clinical data of 39
patients (70 joints) treated for the hip joint pathology in
cerebral palsy at the ITO NAMS from 2018 to 2021. Pa-
tients’ gender was not taken into account, as previous stu-
dies did not report significant differences between the sexes
[3]. None of the patients had a history of bone surgery. We
investigated various factors that may affect the FEAR in-
dex: age, Gross Motor Function Classification System
(GMEFCS) [4], level of lesions (paraparesis, tetraparesis,
hemiparesis), ambulatory status (ambulating, non-am-
bulating), adductor myotomy in the past medical history,
DDH. We also looked for dependencies of the pathology of
the proximal femur (NSA and FT) and acetabulum (aceta-
bular angle (AA) and Sharp angle (SA)) on the FEAR index.
Additionally, Wiberg angle (WA) was determined. The age
of patients ranged from 5 to 30 years: 5—6 years (n=7), 7—9
years (n = 10), 10—12 years (n = 8), 13—16 years (n = 13),
30 years (n = 1). We did not consider children under 5 years
of age due to a specific form of epiphyseal cartilage of the
femoral head, which does not allow us to correctly measure
the FEAR index. Nine patients had GMFCS level 11, 11 —
level I1I, 11 — level IV. The sample in this study consisted
mainly of patients with spastic tetraparesis (n = 26), spastic
paraparesis (n = 5) and hemiparesis (n = 8). Each hip joint
was evaluated separately; in people with hemiparesis, only
the affected side was examined. Twenty-nine of our patients
were ambulating, and 10 — non-ambulating at the moment
of the examination, but we considered them promising in
terms of verticalization, or if gait function was lost due to
spastic hip dislocation. Adductor myotomy was performed
in 8 people. In 10 cases, radiographs of the HJ at the age
of 3 months were preserved: 6 patients with DDH, and 4
individuals born with healthy hips. Data on whether DDH
was treated before the age of 1 year were not taken into ac-
count due to their absence. In order to avoid exposure of
healthy children, the norms were taken from Ya.B. Kutse-
nok (Table 1) [5].

The migration percentage of up to 33 % was regarded
as a stable joint, hip joint was unstable with MP more than
33 % [1].

All patients underwent clinical evaluation of the FT
by Ruwe [6], anterior posterior radiography of the HJ in
standard positioning (SP) and positioning according to
our own method (PATOOM) (Fig. 1a, b) in which the true
parameters were received [7]. The absence of significant
differences in the acetabular parameters (p > 0.05) be-
tween the two positionings, as well as the high accuracy of
the FT and NSA measurement using our original method
compared to intraoperative data, were described by us in
previous works [8].

The FEAR index was measured in both positionings to
investigate the effect of FT on it, as well as to reveal how
the orientation of the epiphyseal plate on the acetabulum
changes after internal rotation of the femur. The angle of
the epiphyseal plate indicates the balance of forces in the
proximal femur [9].

Measurement of the FEAR index (Fig. 2): the physeal
scar of the femoral head normally has a slightly irregular
but consistent shape. The central third is radiologically a
straight line, which then bends distally medially and distally
laterally from the femoral neck. We draw lines through the
most lateral and medial points of the straight section of the
the physeal scar. The second line of the angle is determined
by the most medial and lateral points of the sclerosis of the
sourcil. The FEAR index is positive when the angle is open
laterally, with the vertex directed medially; it was negative
with the medially opened corner, and the apex directed
laterally [2].

Statistical data processing was performed with Statistica
7.0, MedCalc Statical Software v.11.5.0.0 programs using
the ¥? criterion, multiple logistic regression (calculating the
odds ratio, 95% confidence interval) and ROC analysis, and
by determining the area under the curve (AUC).

Depending on the type and nature of the data distribu-
tion, the corresponding statistical criterion was chosen to
assess the reliability of the influence of the factor. For pa-
rameters that had a normal distribution, parametric me-
thods of statistical evaluation were used. Differences were
considered significant at P < 0.05.

The results of the analysis are presented in the form
of distributions of clinical parameters (%), arithmetic
mean and standard deviation (M = SD). Comparisons
between groups were performed using the Chi-square test
and one-way analysis of variance for the respective data
types. Spearman’s correlation coefficient was used to es-
timate the relationship between radiographic parameters
and other factors. To study the prognostic factors, mul-

Table 1. Normal indices of the hip joint depending on the age by Ya.B. Kutsenok (°)

. Age (years)
Indice
Upto4 4-6 7-9 10-12 13-16
Acetabular angle 17.20+0.45 17.30 £ 0.27 16.45+0.47 14.23+0.76 -
Sharp angle 46.88 £ 0.61 45.76 = 0.31 44,79 £0.81 47.51+£0.43 49.31 £0.57
Neck-shaft angle 137.16 +1.52 134.96 +0.86 132.54 +0.98 131.23+1.09 128.61+1.98
Femoral torsion 37.60+1.44 36.67 £0.98 33.23+1.53 27.11+£2.09 19.86 +1.37
Wiberg angle 25.61+1.43 27.12+0.74 29.91+0.82 33.35+0.88 37.92+0.72
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Figure 1. Method for determining clinical and radiological parameters of the hip joint in patients
with hip pathology [10] (patient’s positioning and fixation with an orthopedic console [11, 12])

tiple logistic regression was performed using step-by-step
exclusion of uninformative indicators to leave only sig-
nificant independent variables in the final model. Criti-
cal value, sensitivity and specificity of the indicator were
assessed using ROC analysis.

Results

The subjects of this study were the parameters of the HJ
in patients with CP. We analyzed the relationships of the
FEAR index with the factors, as well as the parameters of
the HJ (NSA, FT, AA, SA) to demonstrate how they affect
them. Most patients had stable hips and were able to ambu-
late, 23 hips had a MP > 33 %.

Using Spearman’s method, no significant correlations
were found in the groups of patients by age and the FEAR
index in SP (R = —0.18, p = 0.136). In PATOOM, a reli-
able, strong, inverse correlation was revealed (R = —0.38,
p=0.001).

A reliable, strong, direct correlation (R=0.41, p=0.001)
was found between GMFCS level (II, III, IV) and FEAR
index in SP. In PATOOM, a reliable, strong, direct correla-
tion was revealed (R = 0.60, p = 0.000).

No significant correlations were found (R = 0.16,
p = 0.175) between groups of patients (tetraparesis, para-
paresis, hemiparesis) and the FEAR index in SP. In
PATOOM, a reliable, medium-strength, direct correlation
(R =10.33, p=0.005) was revealed.

When searching for the relationship by ambulation sta-
tus (ambulating, non-ambulating) and FEAR index in SP,
a reliable, medium-strength, direct correlation was found
(R=10.35, p=0.002). A reliable, strong, direct correlation
(R=10.51, p=0.000) was revealed in PATOOM.

A reliable, weak, inverse correlation was found
(R=-0.28, p=0.018) between groups of patients with and
without adductor myotomy in the past medical history and
the FEAR index in SP. In PATOOM, a reliable, weak, in-
verse correlation (R = —0.30, p=0.011) was revealed.

No significant correlations were found (R = 0.22,
p = 0.380) between patients with confirmed data on DDH
(DDH, healthy joints at birth) and the FEAR index in

Figure 2. Measurement of the FEAR index in the
standard positioning. Patient B., 9 years old,
cerebral palsy. Right hip joint: the FEAR index

is positive, left hip joint: the FEAR index is negative

SP. In PATOOM, a reliable, medium, direct correlation
(R=10.69, p=10.002) was revealed.

A reliable, strong, direct correlation (R =0.39,p=0.001)
was found when looking for an association between NSA
and FEAR index in SP. In PATOOM, a reliable, strong, di-
rect correlation (R = 0.47, p = 0.000) was revealed.

A reliable, moderate, direct correlation (R = 0.32,
p = 0.006) was found between the FT and the FEAR in-
dex in SP. In PATOOM, no significant correlations were
revealed (R =0.21, p=0.077).

A reliable, strong, direct correlation (R =0.51, p=0.000)
was found between the AA and the FEAR index in patients’
groups in SP. In PATOOM, a reliable, strong, direct cor-
relation (R =0.67, p = 0.000) was revealed.

A reliable, strong, direct correlation (R =0.50, p = 0.000)
was found between the SA and the FEAR index in SP. In
PATOOM, a reliable, strong, direct correlation (R = 0.56,
p = 0.000) was revealed.
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Figure 3. Patient P., 7 years old, cerebral palsy. Change in the FEAR index in the standard positioning
from positive (a) to negative in positioning according to our own method (b) [10]. The numbers on the
radiograph in the positioning according to our method indicate the angle of internal rotation of the femur,
which corresponds to the angle of femoral torsion measured by Ruwe [6]

A reliable, strong, inverse correlation (R = —0.53,
p = 0.000) was found between the WA and the FEAR index
in SP. A reliable, strong, inverse correlation (R = —0.73,

p = 0.000) was revealed in PATOOM.

Areliable, strong, direct correlation (R =0.53, p=10.000)
was found when searching for the relationship between the
MP and the FEAR index in in SP. In PATOOM, a reli-
able, strong, direct correlation (R = 0.67 p = 0.000) was
revealed.

To determine which parameter more accurately deter-
mines the hip instability in patients with CP, we created
mathematical models based on the parameters defined in
both positionings: for the migration percentage, which is
common, and the new FEAR index.

Mathematical models
for detecting instability
in the joint

In the standard positioning

Y — the probability of the FEAR index (Fig. 4).

Y =0.133 x AA — 0.045 x age + 0.067 x FT + 0.047 x
x NSA — 11.92.

Chi-square = 27.96, P < 0.001

The accuracy of the model is 71.4 %. Belonging to
group 0 (negative FEAR index) is determined by the
model with an accuracy of 70 %, and belonging to group 1
(positive FEAR index) — with an accuracy of 72.5 %.
AUC = 0.833 (0.725-0.912), chi-square = 27.96,
P <0.001. The model has a good predictive power.

AUC = 0.833, P < 0.001 compared to the diagonal
(AUC = 0.5), which indicates a good estimate of the prob-
ability of having a positive FEAR index.

Y — the probability of the migration percentage (Fig. 5).

Y =0.419 x AA — 0.13 x age + 0.041 x FT + 0.059 x
x NSA — 18.9.

Chi-square = 59.6, P < 0.001.

The accuracy of the model is 92.9 %. Belonging to group
0 (migration percentage < 33 %) is determined by the model
with an accuracy of 95.7 %, and belonging to group 1 (mi-
gration percentage > 33 %) — with an accuracy of 87 %.
AUC =0.970 (0.899-0.996), chi-square = 59.6, P < 0.001.
The model has a very good predictive power.

AUC = 0970, P < 0.001 compared to the diagonal
(AUC = 0.5), which indicates a good estimate of the pro-
bability of having a migration percentage > 33 %.

In positioning according to our method

Y — the probability of the FEAR index (Fig. 6).

Y =0.443 x AA — 0.561 x age + 0.054 x FT + 0.121 x
x NSA —24.94.

Chi-square = 61.9, P <0.001.

The accuracy of the model is 88.6 %. Belonging to group
0 (negative FEAR index) is determined by the model with an
accuracy of 93.3 %, and belonging to group 1 (positive FEAR
index) — with an accuracy of 80 %. AUC = 0.972 (0.901—
0.997), chi-square = 61.9, P < 0.001. The model has a good
predictive power.

AUC = 0.972, P < 0.001 compared to the diagonal
(AUC = 0.5), which indicates a good estimate of the pro-
bability of having a positive FEAR index.

Y — the probability of the migration percentage (Fig. 7).

Y = 0.269 x AA — 0.035 x age + 0.14 x FT + 0.0015 x
x NSA — 14.5.

Chi-square 39.6, P < 0.001.

The accuracy of the model is 87.1 %. Belonging to group
0 (migration percentage < 33 %) is determined by the model
with an accuracy of 94.3 %, and belonging to group 1 (mi-
gration percentage > 33 %) — with an accuracy of 64.7 %.
AUC = 0.938 (0.853—0.982), chi-square = 39.6, P < 0.001.
The model has a very good predictive power.

AUC = 0.938, P < 0.001 compared to the diagonal
(AUC = 0.5), which indicates a good estimate of the pro-
bability of having a migration percentage > 33 %.
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Discussion

Our research is based on the study of the HJ radiographs
of patients who sought specialized care in the ITO NAMS,
we did not conduct a total screening of all individuals with
CP. Some patients did not ambulate on their own, but we
considered them promising in terms of verticalization. In
the older age groups, patients who could ambulate indepen-
dently dominated. Severe forms of CP were less common in
older people, which may lead to debate about the validity
of some results. FT was normal in 3 joints. In all groups,
we presented the HJ regardless of distibution, criteria and
factors.

With age, in the process of growth and development, the
parameters of the HJ change in the norm — there is a de-
crease in NSA, FT, AA, SA. In patients with CP, the in-
fluence on the HJ formation has a large number of factors
that can not always be taken into account when predicting
its development. Therefore, some of these indicators do
not decrease with age, and sometimes even increase. The
lack of correlations between age and the FEAR index in SP
and strong, inverse correlations in PATOOM may indicate
the importance of the torsional component in the forma-
tion of the HJ, as PATOOM is performed with internal ro-
tation of the femur. The angle of femoral internal rotation
corresponds to the angle of FT, which is often increased in
patients with CP. With increasing age, the frequency of de-
tecting a positive FEAR index decreased in PATOOM. As
the number of patients examined increases, the data will be
updated.

Strong, direct correlations in both positionings between
the GMFCS level (11, 111, IV) and the FEAR index indicate
an increase in the frequency of detecting a positive FEAR
index with increasing levels of major motor disorders. This
confirms the trends in the world literature that in severe
forms of CP, the risk of hip displacement is much higher.

The absence of correlations between the level of lesion
(tetraparesis, paraparesis, hemiparesis) and the FEAR index
in SP and the appearance of reliable, medium-strong, direct
correlations in PATOOM confirm the importance of the
torsional component in the formation of hip instability. Ac-
cording to the literature, impaired development of the HJ in
hemiparesis is uncommon. The most severe form of CP in
terms of the level of lesions is tetraparesis, the largest group
of patients we study. All our patients with paraparesis and
hemiparesis were able to move independently, without aid.

A reliable, medium-strength, direct correlation in SP
between ambulatory status (ambulating, non-ambulating)
and the FEAR index and a strong, direct correlation in
PATOOM indicates the importance of gait function for
proper formation of the HJ, and strengthening correlations
in PATOOM is another confirmation of the importance of FT
in the development of the HJ and prevention of instability.

Significant, weak, inverse correlations in both position-
ings between adductor myotomy (patients with and with-
out adductor myotomy in the past medical history) and the
FEAR index may indicate a slight impact of this interven-
tion on the formation of the HJ and the emergence of insta-
bility. This result may be controversial, but as the number
of joints examined increases, the data will be refined. The

purpose of myotomy is to weaken the abductor muscles and
redistribute the forces of the antagonist muscles. Obviously,
after such an intervention, there is no balance in the HJ, but
a partial change in the force vector. Indications for adduc-
tor myotomy are exclusively clinical, bone pathology of the
hip joint is not taken into account. Determining the FEAR
index before adductor myotomy and after surgery could be
of great value.

The lack of correlations in SP between DDH (DDH,
healthy joints at birth) and the FEAR index and the appea-
rance of reliable, medium, direct correlations in PATOOM
confirms the influence of FT on the formation of HJ and
instability in it, as increased FT is one of the signs of DDH.
In addition, when analyzing the indicators of the acetabu-
lum, DDH could be detected in a much larger proportion of
our patients [13].

Significant, strong, direct correlations between NSA and
the FEAR index were found in both positionings, which
may indicate the effect of increased NSA on hip formation
and instability.

There was also a significant, medium-strength, direct
correlation between the FT and the FEAR index in SP and
no significant correlations were found in PATOOM because
in the latter we perform internal rotation of the femur by
the FT angle, which eliminates its value. The FEAR index
was positive in 40 joints. In 14 joints, it changed from posi-
tive in SP to negative in PATOOM (Fig. 3a, b), which, in
our opinion, makes it possible to recommend the correction
of FT surgically (derotation osteotomy) in order to stabi-
lize the joint and ensure further proper development. If the
FEAR index has not changed to negative, one should con-
sider pelvic osteotomy with derotation osteotomy, taking
into account the parameters of the HJ.

Significant, strong, direct correlations between the AA
and the FEAR index in both positionings were also found.
Increasing the indicators of the acetabulum in the frontal
plane (AA and SA) increases the frequency of detecting a
positive FEAR index, i.e. instability of the HJ and disorders
of its development. Of the 26 joints with positive FEAR
index in both positionings, AA was less than 20° only in 2
joints, i.e. signs of instability were also associated with the
acetabular component.

A reliable, strong, inverse correlation between the WA
and the FEAR index and a reliable, strong, direct correla-
tion between the MP and the FEAR index were found in
both positionings. These three indicators characterize the
relationship between the proximal femur and the acetabu-
Ium. Unfortunately, WA does not show any signs of clinical
stability of the thigh [2], so we did not create a mathematical
model with it. The MP and the FEAR index are designed to
detect hip displacement and correlate well with each other.
Only in 3 joints with positive FEAR index, the MP was less
than 33 %.

All our mathematical models have shown good predictive
power for determining hip instability (migration percentage
> 33 %). The most accurate (92.9 %) was the mathemati-
cal model (probability of migration percentage > 33 %) in
the standard positioning. For each indicator included in
the model, a ROC analysis was performed to determine the
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prognostic value and critical level. The critical levels of in-
dicators at which instability is detected are as follows: AA
> 19.44°, FT > 50°, NSA > 153.1°, age < 12 years (Fig. 5).
It should be noted that for this model, the projection NSA
was taken. We did not accidentally choose these parameters
of the HJ, we corrected them during surgery. AA had the
highest prognostic value for determining hip instability (mi-
gration percentage > 33 %), NSA and FT also had a high
prognostic value. Age has little effect on the accuracy of the
model, but can not be ignored in children, as the parameters
of the HJ change with age and with normal development of
the HJ. Seventy joints were used to develop the model: 23
(32.86 %) were unstable (migration percentage > 33 %), 47
(67.14 %) were stable (migration percentage < 33 %). Slight-
ly lower accuracy of detection of the migration percentage
> 33 % in the mathematical model may indicate difficulties
in identifying the edge of the acetabulum in hip instability in
patients with CP [1]. In an unstable HJ, the pressure of the
femoral head on the edge of the acetabulum causes the for-
mation of a gothic arch, which creates additional difficulties
in measuring the parameters of the HJ [14].

In PATOOM, mathematical models were less accurate
than in SP, although they also had good predictive power.
During the internal rotation of the femur, the femoral head
was often inserted into the unstable HJ, and accordingly
there was an improvement of the relationship between the
proximal femur and the acetabulum, which affected its ac-
curacy. When analyzing mathematical models in PATOOM
with true NSA, its critical level, in which instability is de-
tected, was 135.88° for the mathematical model with pro-
bability of positive FEAR index, and 132.46° for the math-
ematical model with probability of migration percentage
> 33 % (Fig. 7¢). This value of NSA is the norm for youn-
ger age groups; in older age groups, a slight deviation from
the norm was found (NSA for children aged 13—16 years is
128.61 £ 1.98°) [5]. When measuring NSA of 132.46°, there
was virtually no migration percentage > 33 %, i.e. unstable
HJ, although with increasing critical level of NSA, stable
and unstable HJ were found (Fig. 5¢). The FEAR index in
PATOOM had a slightly greater prognostic power than MP.

The critical level of FT at which the instability is detected
was > 50° in both mathematical models in SP (Fig. 4b, 5b).
In PATOOM, the critical level of FT was > 55° (Fig. 6b, 7b).

The critical level of AA at which the instability is de-
tected was > 14.84° for the mathematical model with the
probability of detecting positive FEAR index in the stan-
dard positioning — the lowest average value (Fig. 4a). For
the mathematical model with the probability of detecting
positive FEAR index in PATOOM, the critical level of
AA was > 21.42° (Fig. 6a). For the mathematical model
with the probability of the migration percentage > 33 % in
PATOOM, the critical level of AA was > 22.59° — the hig-
hest average value (Fig. 7a).

The critical age of patients with CP, which shows insta-
bility, was < 11 years in mathematical models with probabil-
ity of detecting positive FEAR index in both positionings
(Fig. 4d, 6d); critical age in mathematical models with pro-
bability of migration percentage > 33 % in both positionings
was < 12 years (Fig. 5d, 7d). This confirms the prevailing

view that by the age of 12 years, Y cartilage is being closed
and hip displacement is quite rare.

Hip instability does not depend on one indicator, it must
be considered as a whole, taking into account all the para-
meters.

Conclusions

1. Significant, strong, direct correlations of the FEAR
index and NSA (R = 0.39), AA (R = 0.51) and SA
(R =0.50) were found in the standard positioning, as well
as in positioning according to our own method (R = 0.47,
R = 0.67 and R = 0.56, respectively). A reliable, medi-
um-strength, direct correlation (R = 0.32, p = 0.006) was
found between the FEAR index and the FT in the standard
positioning, and the relationship in positioning according
to our own method were unreliable (R = 0.21, p = 0.077).
The FEAR index can be of great importance for predicting
the development of the hip joint; in children under 5 years
of age, it was difficult to determine it according to the au-
thors’ method.

2. Detection of significant correlations of factors (age,
level of lesion, DDH in the past medical history) with FEAR
index in positioning according to our own method with un-
reliable connections in standard positioning, improvement
of migration percentage confirm the key role of femoral tor-
sion in hip formation. Correction of FT improves signifi-
cantly the parameters of the hip joint, although all of them
should be considered by surgeons.

3. Our research confirms that the most accurate param-
eter for determining hip instability at present is the migra-
tion percentage. A mathematical model for determining hip
instability with probability of migration percentage > 33 %
in SP based on AA, NSA, FT, age, is proposed (model ac-
curacy is 92.9 %). The critical level of indicators at which
instability is detected are AA > 19.44°, FT > 50°, for NSA
> 153.1°, age < 11 years.
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Suyrsik M., Hemet M., MapuuHsik C., Kabauivi M., @iindyk B.
AY «dHcTuTyT ToaBMATOAOTIT T opToneaii HAMH Ykpainm», m. Kuvis, YkpaQiHQ

FEAR iHAEKC MpU AIOrHOCTULI MirpaLii rOAOBKU CTErHOBOT KiCTKU B MALLIEHTIB 3 AUTIYUM
uepebpansHUM napaaiyem. FEAR iHA€KC Ta iHAeKC Pemepca B MATEMATUYHOMY MOAEAKOBOHHI
HEeCTABGIAbHOCTI KYAbLLOBOFO CYrAO6a NMpu AUTAIHOMY LLlepeOpPaAbHOMY NMAPAAIYi

Pe3stome. Axmyaavnicme. 3nauna yacToTa HeCTaGUTBHOCTI KyJIBIIO-
BOTO CyIJI00a B Pi3HMX Tpynax MAlli€HTIB 3 AUTSIYUM LIepeOpaIbHUM
napajiidyem Ta (pakTopu, 10 MOXYTb BIUIMBATU Ha 11 (pOpMyBaHHS, €
aKTyaJIbHUM 00’€KTOM JIOCTiKeHb. Mema: BCTAaHOBUTH AiarHOCTHY -
Hy uiHHicTb iHgekcy FEAR y BU3Ha4eHHi HeCTabLIbHOCTI KYJIBIIIOBO-
ro cyrio0a B ocid 3 IUTSYMM LiepeOpaibHUM Napaiidyem. Mamepiaau
ma memoodu. 3arajibHa KiIbKiCTh natieHTiB craHoBuiaa 39 (70 cyrio-
0iB). KJtliHiKO-peHTreHorpaMoMeTpuuHe OOCTEXKEHHS KYJIbLLIOBUX CYy-
17100iB BUKOHAHO 3 BUKOPUCTAHHSIM BJIACHOTO CMIOCO0Y i CTAHAAPTHUX
MepeIHbO3aHIX PEHTreHOrpaM, 3a SKUMU Bu3Hadanu iHaekc FEAR
Ta iHLIi napaMeTpu. TakoxX MpoBeIeHO MaTeMaTUYHEe MOAETIOBAHHS i
CTAaTUCTUYHUI aHaJIi3 ITOKA3HMKIB KYJIBIIIOBOTO CYIJI00a Ta (haKTopiB,

1110 MOXYTb IIPU3BOIMTH 0 HECTAOLTLHOCTI KYJIBIIIOBOTO Cyriioba. Pe-
3yabmamu. BctaHoBneHO KopesiiiiiHi 38’s13ku Mixk iHaekcom FEAR
i TTOKa3HUKAMM KYJIBIIIOBOTO CyII00a, a TakKoX (haKTopamu, 110 MO-
JKYTh Ha HBOTO BIUTMBaTH. CTBOPEHO MaTeMaTU4Hi MO IS BU3HA-
YEHHST HeCTaOLIbHOCTI KYJIBIIIOBOTO CYIJIo0a Ha OCHOBI MTapaMeTpiB B
000X ro3utlisix. Bucroexu. [1poneMOHCTPOBAHO XOPOIIY TiarHOCTUY -
Hy uiHHicTb iHnekcey FEAR, ripore iHnekce PeiiMepca BUSIBUBCS OLTbIIT
HaTiiHUM Y JiaTHOCTHUIII HECTaOLIHHOCTI KYJIbIIIOBOTO CYI/Io0a B Tarli-
€HTIB 3 IUTSYUM LIepeOpaTLHUM MapaTideM.

KirouoBi coBa: nuraunit nepeGpanbHuii mapasiy; Ky/iblIoOBUii
Cyriao0; MaTeMaTUYHE MOJEIIOBAHHS, PEHTIeHOTPAMOMETPUYHI
nokasHuku; inaekc Peiimepca; innekc FEAR
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KOHTpOKTYpUu CYraobis:
€TIOAOrif, NATAHATOMISl, OCHOBHI NIAXOAMU
AO NPOPIAAKTUKN TA AiIKYBOHHS

Pestome. KoHTpakTypu — Lie BTpATa pyxXOMOCTi CYIA0BIB, 11O BUKAUKAHQ CTRYKTYOHUMU 3MIHAMU HEKICTKOBOT
TKAHWHW — M’S13iB, 3B '51I30K TQ CYXOXXUWAb. BOHW DO3BUBAKOTLCSI, KOAW L 3Q3BUYHAU eAQCTUYHI TKAHWHW 3AMIHIO-
KOTbCS HEEAQCTUYHMMM. BCe Lie npm3BOANTL AO BKOPOYEHHST TQ TBEPAIHHS LMX TKAHWH TQ BUKAMKQAE XXOPCTKICTb,
Aepopmauito cymobiB TQ BTPATY iX PYXOMOCTI, IHOAI MOBHY. PO60TA MpuCBsIHeHQ 3QraAbHOMY OIAsIAY eTIOAOTI Ta
enianeMIOAOTii KOHTPAKTYP BEAUKIX CYIAOBIB. PO3sIAQIOTECST YAKTOPM PU3NKY POPMYBAHHS KOHTDAKTYP TQ 3AX0-
AWM 3QM06IrQHHST iM, O TAKOXK METOAM AIKYBAHHST KOHTPQKTYP HQ PI3HMX eTarnax ix po3sBuTKy. HaBeAEHO MpOTOKOA
OB CTEXXEHHS NMALIEHTIB 3 KOHTPAKTYPAMM, BKA3AHI OCHOBHI MOMEHTU MU AOCAIAXKEHI, HO sIKi Toe6Q 3BepHYTH
yBary, A TAKOXX MOXXAUBI METOAM AOCAIAXKEHHSI, LLIO BKAKOYQIOTh HE TIABKU OIASIA XBOPMX, QAE W BI3YyQAbHI (MQrHIT-
HO-PEe30HAHCHQ TOMOrPA®Isl, yABTOQA3BYKOBA AIQrHOCTVKA) TQ GIOMEXQAHIYHI METOAM 3 BU3HQYEHHS MACUBHOIO
TQ QKTMBHOIO OBCSIry PYXIiB TQ CUAM MS13iB KOHTDAAQTEPAABHUX CYIAOBIB. HOAQHI OCHOBHI O3HAKM M s130BUX TQ
CrQCTUYHUX (HEPBOBO-M SI30BMX) KOHTPAKTYP TA MAXOAM AO iX AiIKyBAHHSI. KOPOTKO OrMMCaHi KOHCEePBATUBHI ¢i-
3ioTepaneBTNYHI METOAM AiKYBQAHHSI, LLIO B OCHOBHOMY MOASIFQIOTh Y MACUBHOMY PO3TSITYBAHHI KOHTPQKTOBAHOIO
cymo6Q, Ta NOKA3QHHSI AO XiPYPridYHUX METOAIB AIKYBAHHSI. HOBEAEHI MOKA3AHHST LLIOAO 3QCTOCYBAHHSI iH €KL

KonQreHasuy.

KAKOUYOBiI CAOBQ: KOHTDAKTYPQ CYMOGIB; M'S130BQ AUCTPOQIS, KOAQreHa3a

Bctyn

KoHTpakTypu — 1ie BTpaTa pyXOMOCTi CYIJIOOiB, IO
BUKJIMKAHA CTPYKTYPHUMU 3MiHAMM HEKICTKOBOI TKAHU -
HU — M’43iB, 3B 430K Ta CyXOXWib. BOHU pO3BUBaIOTh-
Cs1, KOJIM 11i 3a3BUYAll eJJaCTUYHi TKAHUHU 3aMiHIOIOThCS
HeeJlacTUYHUMU. Bce 1le mpu3BOAUTH 10 BKOPOYEHHS
Ta TBEPIiHHS 1IMX TKAHWH Ta BUKJIMKAE XOPCTKICTh, 1e-
dopmairii cyriio6iB Ta BTpaTy pyXOMOCTIi CyIJIO0iB, iHOmI
TMOBHY.

Etionoriga

Yacrilie KOHTPaKTypu € HacIiIKoOM iMMOOiTi3ailii,
ajle MOXYThb OyTM BHUKJIMKAHI BPOIKEHUMMU CTaHaAMU
(M’s130BOM0 Auctpodieio IiolieHa, epedpalbHUM Mapati-
YyeM Ta iH.), M SI30BUM AUCOalaHCOM, apTpUTaMu, TeTepo-
TOIYHO ocuddiKalli€lo, OMmiKaMu, MiCLICBUMU TpaBMaMH,

MOXYTb OYyTH HACJTiIKaMU TOTATbHOTO €HIOMPOTE3yBaHHSI.
KoHTpakTypu TakoX MOXJIMBI SIK HACJIiIKW BIUTMBY BiOpa-
il (koHTpakTypu HiomwoitpeHa) [5, 9, 11, 13].

EniaemioAoria Ta akTopu pUsnky

VYV nanumii yac emigeMiosioriyHa iHgopmallisi B OCHO-
BHOMY 30CEpPEIKYEThCS HAa BU3HAUEHI CYIrII000BOI KOHT-
paKkTypu, TOMY erifemioyioris B wijomMy obOmexeHa. 1o
TOTO XX pO30iKHOCTI IiarHOCTUIHMX KPUTEPiiB IIPU3BOISITH
JI0 IIMPOKOTO fAiana3oHy Hudp, 1110 XapaKTepusyoTh Mo-
HIUPEHICTh KOHTpAKTYp [3, 6].

KonTpakTypu cyrinobiB mocuTh nomupeHi. Tak, 3a mga-
HUMMU JiTepaTypu, CEpe JI0aei MOXUIoro Biky BOHU CITO-
crepiraiotbes y 15—70 % [7, 22], npu 4epermHO-MO3KOBiii
TpaBMi PU3UK PO3BUTKY KOHTPAKTYp CTAHOBUTH Bia 16 10
80 % [17], npwm iHcynbTi — Ginsg 60 %, y MallieHTiB i3 TpaB-
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MaMUu CIIMHHOTO MO3KY MOXYTb PO3BUTUCS KOHTPAKTypU
Oymb-skoro cyrinoba B 11—50 % Bumankis [16]. Omikosi
KOHTPaKTYypH, 3a JAaHUMM CHelliali3oBaHUX OMiKOBUX Bill-
JliJIeHb, CTAHOBJIATH 10 94 % [21].

3araibHUMU (haKTOpaMu PU3UKY PO3BUTKY KOHTpaK-
TYp € pyxoBi nuchyHKIIii a00 TprBasie 0OMEXEHHs PyXOBOI
AKTUBHOCTI, TIMOKCWYHI IIIeMiYHi YIIKOIXKEHHS, TPaBMU
CIIMHHOTO MO3KY Ta IMOXUJINiA Bik [23].

NaraHaTtomis Ta ¢isioaoris

3MiHM M’IKUX TKaHWH, SIKi BUKJIMKAIOTh KOHTPAKTypH,
MOYMHAIOTHCSI MPAKTUYHO OHOYACHO 3 HACTAHHSIM Hepy-
xomocTi. CHUHTE3 6iiKa y M’SI30BUX TKAHUHAX 3HUKYEThCS
yepe3 6 TOAUH Ticasg iMMOOiTizaLii cyrioba, BKOPOUEHHS
M’SI30BUX BOJIOKOH BUHMKAE YIPOMIOBX 24 TOIWUH, Yepe3
48 ronuH 3’ SIBJSIEThCS 30i/bIlIeHA iHDITBTpallisl TepuMi3ito
KosiareHoM. TpurBajia HEpyXOMiCTh TaKOX BUKJIMKAE TIac-
TUYHI nepeOyaoBU B HEPBOBUX LIEHTpax, LIO Ie Oijblie
3HIKYE 30ATHICTH 3ay4aTy PyXOBi OOWMHUII, a 1Ie MOCH-
JIIO€ BUXiHWIA mape3 [8§, 19].

YV Mozaensix Ha TBapruHax OyJIo BUSHAUEHO, 1110 24 roau-
HU HEHaBaHTaXXEHHS KiHIIIBKM BUKJIMKAJIA CKOPOUYESHHS
JOBXXWHU M’SI30BMX BOJIOKOH Ha 60 % [12, 14].

MporpecyBaHHSs 3QXBOPIOBAHHS, CTAAIT,
KAiHiYHi NPOSIBU 3QXBOPIOBAHHS

BinbLIicTh KOHTpaKTyp ITOYMHAIOTHCS 3 YIIKOIKEHb
Tita. Hanmpukitaa, peaxiliss opraHizamy Ha OOJIIOUUiA CyIJIo0
noJssira€e B 0OMeXeHOCTi Oro pyxoMocCTi, 1110 Hapaxae Ha
PU3MK PO3BUTKY KOHTpakTyp. HeBposoriuyHi TpaBMH, 1110
MiIABUIIYIOTh M’ SI30BUIA TOHYC 200 C1a0KiCTh, BUKJIIMKAIOTh
nucbanaHc M’sI3iB, 1110 TIPU3BOAUTH JO TOHIYHOTO CKOPO-
yeHHs. OTXe, 6araTboM KOHTPAKTypaM CYIJIOOiB Ilepeaye
CIACTUYHICTh. 3a BiICYTHOCTI JIiKyBaHHSI CITAaCTUYHUI Cy-
17100 3HEPYXOMJTIOETHCS Ta PO3BUBAETHCS KOHTPAKTYpA.

KoHTpakTypu TakKoX MOXYTb PO3BUBATUCS YEPE3 HEBU-
KOpPUCTaHHS KiHLiBKU 0e3 Oyab-sKO0i TpaBMM, HAIPUKJIIAL
MpU BiKOBIi#1 BTpaTi M’s130B0i Macu (CapKOTICHisI).

Mo cneundiyHMX BTOPMHHMX YU CYIYTHIX CTaHiB Ta
YCKJIAHEHb MOXHA BiTHECTU CIMTACTUYHICTh, TE€TEPOTECHHY
ocudikailito, JereHepaTMBHI 3aXBOPIOBAaHHS CYyIJ100iB, Te-
pejioMu, BUBMXHU Ta iHIlIe. [lesiKi KOHTpaKTypu TPU3BOASITH
0 HETIPaBUJILHOTO PO3TAalllyBaHHS Tijla B JIKKY YU iHBa-
JIITHOMY KpicJi, 110 111e Oibllle YCKJIaaHIOE CTaH Ta Mpu-
3BOJUTH A0 OPOYHOTO KOJIa, sIKe 301IbIIIy€E iHBaTiIHICTh.

KoHTpakTypy CHUIBHO BIUIMBAIOTh Ha KWUTTS JIIOAUHU.
YckiagHeHHSI MOXYTh BUKJIMKATH OOMEXEHHS TIpU Tpo-
BEJICHHI TiTi€HIYHUX MPOLEAYpP B aKTUBHUX JIIOIEHU, Mpu-
BOJMTH JI0 BTPATH HE3aJIeXKHOCTI Ta IO MOCTiiTHOI HepyXxo-
MOCTi.

AiKyBOHHS nAUi€HTIB
i3 KOHTPAKTYPAMMU CYrAOGiB

AHaMmHe3 IMOBUHEH BKJIIOYAaTH €TiOJIOTiI0 KOHTPAKTYpH,
11 repeOir Ta BIJIMB Ha (PYHKITIOHATbHI MOXJIMBOCTI JIFOIA-
Hu. Lle — Oinb, 0OMeXXeHHS IepeCyBaHHS, ITOBCIKICHHOI
NisUTBHOCTI Ta TiTi€HU.

[Ipu ¢iznuHOMYy OOCTEXEHHi B imeayi y Iaii€eHTa He
MOBUHHO OyTH 0OJIIO, III0 MOXKE 3aBaxkaTU MOBHOILIIHHOMY

obcrexxeHHI0. OIS XBOPOTO TMOJISTAE B OLIIHIOBAHHI PO3-
Mipy cyriio0a, CHMETPUYHOCTI B CIIOKOI MOPiBHSIHO 3 IIPO-
TUJIEXKHOIO KiHLiBKOIW. BUMiploeThcst 00csT pyxiB Ha 000X
KiH1iBKax. [IpoBOAUTHCS OTJISII HA MOXKJIMBI YIIKOIKEHHS
LIKipH, 110 MOXYTb OyTH MTPUYMHOIO KOHTPAKTYD.

AJle HaWBaXXKIMBIIIMM MiarHOCTUYHUM KPUTEPIEM €
nmacuBHui giama3zoH pyxiB (IIJIP, B iHo3eMHiii JiTepaTy-
pi PROM — passive range of motion). Tpeba BigzHauuTH
Oymb-sIKMIA M’s130BUII nucOagaHC abo Cl1aOKiCThb, ITiIBU-
LEHHSI TOHYCY YU HOoro BincyTHicTb. Takuii orisia 103BO-
JINTh BiTOKPEMUTH AIMCHY KOHTPAKTYPY Bill KOHTPAKTypH,
1110 BUKJIMKaHa M’SI30BOIO CITACTUKOIO, sIKa Mepeadayvac iH-
LW MiAXiH 10 JTIKyBaHHS.

Tpeba olliHIOBaTM aKTMBHUIA liama3oH pyXiB, a TaKOX
CUJTy M’$S13iB, OCKIJIbKM 11e MOXeE BillirpaTh poJib y BU3HA-
YeHHi IpUYNH BUHUKHEHHS KOHTPAKTyp Ta BHOOpI JIiKy-
BaHHS.

MeTtoawu Bisyaaisauii

Panionoriuni gociigkeHHsT MOXYTb JOTMOMOTTH BU-
SIBUTH TIATOJIOTI, 10 YCKJIATHIOIOThCS, HAIIPUKJIIAMI, KiCT-
KOBUMM JAedopMallisiMi, TeTepOTOIIYHOI0 OocHudiKalli€lo,
nepeiomMaMu, (GopMyBaHHSIM aHKiI03iB. MarHiTHoO-pe-
30HaHCHAa Tomorpadis Ta yJIbTpa3ByKoBa HdiarHOCTHKA
MOXYTb BUKOPHCTOBYBATUCS [IJIs Bi3dyasizallii CTPYKTYyp
M’SIKMX TKAaHWH 3 METOIO BUSIBIEHHS (DiOPO3HUX 3MiH.

ANQOGOPATOPHI AOCAIAXKEHHS

JliarHO3 «KOHTpaKTypa» BCTAHOBJIOETHCSI HAa OCHO-
Bi KjiHiuHOTO mociimkeHHs. Hemae mapkepiB KpoBi abo
J1abOPaTOPHUX NOCTIIKEHb, SIKi O CINPUSIIM AiarHOCTULL
KOHTPAKTyp. AJjie 1abopaTOpHi MapKepH, TaKi SK JIyXKHa
¢ocdarasza, MBUIKICTb OCiZaHHS €PUTPOLIMTIB Ta iH., MO-
JKYThb BUKOPUCTOBYBATUCS JJIS BU3HAYEHHST TaKUX CTaHiB,
sIK TeTepOTOITliuHa ocuiKallisi, MioraTus TOILLIO.

AOAATKOBi IHCTPYMEHTU OLiHKN

Hewmae nepeBipeHMX iHCTPYMEHTIB OLLIHKM KOHTPaKTYp,
ajie € LKaau I OLliHKY crmacTUYHOoCTi. Haiibinbun Bizomi
3 HuX 1Kajna AmBopra (MAS), mkana Tapabe [15, 2] Ta
LASIS [1].

3AraAbHUM MiAXIA AO KOHTPAOKTYP:
OCHOBHI NPUHUMNU

Haiikpame nikyBaHHS IIOJIATa€E B raJbMyBaHHI yTBO-
PeHHSI KOHTpaKTypM 4K 3amobiraHHi iomy. KiiHiuno
1e nossrae y 3aificHeHHi TP Ta momneHHUxX ¢isuyHUX
BIIpaB Ha PO3TATyBaHHS. AJjie AesIKi TOCTiIKeHHs, OCHO-
BaHi Ha (DAaKTUYHUX JAaHUX, MIOCTABUIM 11i TBEPIXKEHHS i1
cyMHiB. B ormsimoBux crarrsax KokpeiiHa 6yyn1o BUCYHYTO
TBepmKeHHs, 1o [1JIP HeedekTuBHI mis npodinakTuku
Ta JIIKyBaHHSI KOHTpakTyp [18], a po3TaryBaHHs He 3ario-
Oirae KOHTpakTypaMm Cyrjao0iB y JtoJeil 3 HEBPOJIOTIYUHUMU
3aXBOPIOBaHHSIMU i He Jiikye ix [10]. Ane 3a nymKoro Oara-
THOX JOCJIIHUKIB, TOCTATHSI TPUBAIICTD (hi3MUHUX BIIPaB Y
CYKYITHOCTI 3 IHIIMMU JIiIKyBaJIbHUMU IIPOLIeAypaMU 30aTHi
30IBIIUTU OOCST PyXiB Yy KOHTPAKTOBAaHOMY CYyIJIo0i, i 1
METOJU 11 ChOTO/IHI 3aJIUIIAIOThCSI OCHOBHUMMU B JIIKyBaHHi
KOHTPaKTyp.
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IHIIMM, YacTO OCHOBHUM MiXOIOM Y JIiIKyBaHHi KOHT-
PAaKTYp € 30i/IbIIIEHHS CUJIA M’sI3iB, OCOOJIMBO AHTArOHICTIiB
CKOpPOUYEHOro M’s3a, SIKIIO 1li METOIM MOXHa BUKOPHC-
TaTtu. J10MaTKOBI 3aX0AM BKJIIOYAIOTh YCYHEHHST YU 3MEH-
IIEHHsI CIIACTUYHOCTI Ta HAOPSIKiB 32 JOTTIOMOT0I0 Macaxy,
KOMIIpECiitHOI OiTM3HM TOIIIO.

A.J. Skalsky, C.M. McDonald (2012) [20] cdhopmymio-
BaJIi OCHOBHI MPUHIMINUA TPOMIIaKTUKM Ta JIiKyBaHHS
KOHTPaKTYyp KiHIIiBOK IIPY HEPBOBO-M’SI30BUX 3aXBOPIO-
BaHHSIX Ta peKOMEHALIil 11100 3ar00iraHHs iM:

1. IlpodinakTKa KOHTPAKTyp BUMAara€ paHHbOI mdia-
rHocTUKM Ta iHimiawii 1P Ta HaknagaHHS IIWH.

2. Tlpu nesskux HEpBOBO-M’SI30BUX 3aXBOPIOBAHHSIX
KOHTPaKTypy HEMUHYYi.

3. PosuivpeHi KOHTpakTypH CTaloTh (hiKCOBAaHUMM, MO-
JKYTh TMOTAHO TMiIgaBaTUCS KOHCEPBATUBHOMY JIiKyBaHHIO
Ta BUMAratu XipyprivHoro BTpy4aHHs.

4. KOoHTpOJb KOHTPAKTYP HIKHIX KiHIIBOK BaxKJIMBUM
IJ11 MiHIMi3a1lii iX HeCIIPUSTIMBOTO BIUIMBY Ha CAMOCTiliHe
rnepecyBaHHsI.

5. CTaTuyHuUii CTaH K BEPXHiX, TaK i HUXKHIX KiHIIi-
BOK — BaXXJIMBA MMPUYMHA YTBOPEHHS KOHTPAKTYpPH.

6. Jlerki KOHTpaKTypy BEPXHiX KiHI[IBOK HECTTPOMOXKHi
HETaTMBHO BIUIMHYTHU Ha PYXOBY (DYHKII1O.

MiaXiA AO KOHTPAKTYP
HQO Pi3HUX eTanax AiKyBOHHS

JamMo KJacUYHMI TiaXid OO0 KOHTPAKTyp Ha paHHIX
crazisix ix ¢opmyBaHHs. BiH moiisirae y TpuBasioMy 06e3-
MepepBHOMY PO3TATYBaHHI Cyrioda 3a JA0MOMOrOI0 JuHa-
MiuHOI (ikcalii opre3oM ab0 KOPCTKOIO KOHCTPYKIIEIO
3 MOXKJIMBICTIO 3MiHU KyTa (ikcamii. [Ipouenypa momsarae
B HaKJIamaHHi (pikcailii Ha MaKCUMaJbHO PO3IrHYTUM Cy-
100, yepe3 AeKiibKa ai0 mpoleaypa MOBTOPIOETHCS, a Cy-
17100 PO3rMHAIOTh Ha MOXJIMBO OUBIINIA KyT. Po3TsIryBaH-
HsI MOXXHA KOMOiIHYBaTH 3 TeparieBTUMHUMMU MPOLielypaMUu
HarpiBy, 1110 MOKPAIIy€ €JaCTUYHICTh TKAHUH.

[1pu KOHTpaKTypax, Ki CyTTEBO BIUIMBAIOTh Ha (hyHK-
1ito cyrnoda i He 3MEHIIWIUCS TIic]si KOHCepBAaTUBHUX
MpoLeayp, po3mIsiAaloTh XipypriuHi MeTOAu JIiKyBaHHSI.
Jlo HUX BiZHOCSTHCSI BU3BOJICHHSI YpaXXeHUX M S3iB, Te-
HOTOMis1 200 TIOIOBXEHHSI CYXOXWJIb, BU3BOJICHHS Kall-
cynu cyriio0a, a B IesIKMX BUIAAKax i IIOBHA 3aMiHa Cy-
rnoba. Ase Xipyprist 4acTo IMPU3BOAUTHL A0 (GOpPMyBaHHS
BTOPUHHUX KOHTPAKTYp Yyepe3 YTBOPEHHS PYOlliB, YIIKO-
JDKEHHSI CTPYKTYp TKaHUH. B ocTaHHi poku Bce yacrilie
3aCTOCOBYIOTh MAJIOIHBA3UBHY XipYpTito /151 3a1100iraHHs
BEJIMKUM YIIKOMXKEHHSIM. XBOpi IMiciasg ONepaTMBHOTIO
JIIKyBaHHSI KOHTPAKTyp MOTPeOyIOTh OiIbII iHTEHCUBHOT
peabinitauii [4].

KonTpakTypn BepxHiX KiHIIiBOK HEYAaCTO MOTPEOYIOTh
XipypriyHoro JikyBaHHs. BOHO IIpOBOAWTBCS, TiIBKU
sakio oomexeHHs I1JIP 3aBaxkae mpoBeneHHIO TirieHiu-
HUX TIpOLIelyp, BUKJIUKAE Oilib. AJIBTEPHATUBOIO MOXE
OyTM 3aCcTOCYBaHHS (hepMEHTY KoJlareHa3u IS iH €K1,
oTpuMaHoro 3 6akrepiit Clostridium histolyticum (xonare-
Hasa KJIOCTpUAiN TicToiTukyMm) i cxBaieHoro FDA nmns
JIIKyBaHHSI KOHTpakTypu JliomioiTpeHa i SIK ajabTepHa-
TUBa XipypriyHomy BTpydaHHo. KUliHiYHI HacIigku mpu

iH’€KI11isIX KOJlareHa3u aHaJIoTiuHi XipypTrivyHOMY JIiKyBaH-
HIO, aJieé MaloTh MEHIIIe YCKIIaIHEHb i JIeTIe MepeHOCATh-
cs nauieHTaMu. OOMeXeHHSIM U181 iH €Ki KoJlareHa3! €
Te, 1110 BOHU 3a3BUYail poOIsIThCSI B OJHE Miclle, BUMara-
IOTh LIIOMICSIYHOTO MPOBEAEHHS Ta MOB’s3aHi 3 PU3MKOM
aBTOIMYHHOI peakxliii.

JlikyBaHHSI KOHTPAKTyp HIKHIX KiHIIBOK MOJISITA€E
HacamIiepea B iX TMpOMiNIaKTHUII: peryJsipHOMYy CTOSIHHi
Ta/ab0 Xonp0i; MaCUBHOMY PO3TSITYBaHHI M’SI3iB Ta CyIJIO-
0iB; TO3UIIiIOBaHHI [IJIS1 PO3TMHAHHS Ta MPOTUIii 3TMHAH-
HI0; MHYBaHHI. ['0jloBHE 3aBmaHHs B mpodilakTUlli Ta
peadiiTamii KOHTpaKTyp HIDKHIX KiHIIIBOK IOJISITAE B Ha-
BUaHHI MMPaBUJIBHOMY IIOJIOXKEHHIO KiHIIIBKY MPU CTOSIHHI
Ta xoap0i. ITokazaHHs MW XipypriyHOro BTpyYaHHSI aHa-
JIOTiYHI BUKJIaJI€HUM BHUIIE: KOHTpaKTypa He Moxke OyTu
yCyHeHa (izioTepaneBTUYHUMU METOAAMHU Ta ii TSKKICTh
3aBaXKa€ MOBHOLIHHOMY (DYHKIIIOHYBaHHIO.

BUCHOBKMU

B ornsni Mu po3misiHyJ i OCHOBHI TIpUYMHU (hOpMYy-
BaHHSI KOHTPAKTYyp CYIJIOOiB Ta OCHOBHI ITIXOOU OO iX
nmpodiIaKTUKKU Ta JiKyBaHHs. TpeOa Bim3HAuWTH, IO Ha
CBHOTO/IHI I1I€ ITUPOKO 3aCTOCOBYIOThCS CTapi, B OCHOBHOMY
MacHUBHI METOIM KOHcepBaTUBHOro JikyBaHHs. CydacHi
METO/IU, TaKi SIK palioyacTOTHi, Ja3epHi, 0i0aKTUBHI METO-
1IN, iH’€KIIil, YaCTO BUKOPUCTOBYIOThCSI OOMEXKEHO i 11Ie He
MaroTh 3araJlbHOTO BU3HAHHS TTPAKTUKAMU.

Konduikr inTepeciB. ABTopu 3asBISIOTH TIPO BIiICYT-
HiCTh KOH(DIIIKTY iHTepeciB Ta BjlacHOI (hiHaHCOBOI 3alli-
KaBJICHOCTI IIpM MiATOTOBLI JaHOI CTATTi.
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Joint contractures: etiology, pathological anatomy, basic approaches to prevention and treatment

Abstract. Contractures are a loss of joint mobility caused by structural
changes in non-bone tissue — muscles, ligaments and tendons. They
develop when these normally elastic tissues are replaced by inelastic
ones. All this leads to shortening and hardening of these tissues and
causes stiffness, deformity of joints and a loss of their mobility, some-
times completely. The work deals with a general overview on the etiol-
ogy and epidemiology of large joint contractures. Risk factors for the
formation of contractures and measures to prevent them are consid-
ered, as well as treatment regimens at different stages of contractures
development. A protocol for examining patients with contractures is
given, the main points during the examination to which the attention

should be paid are indicated, and possible research methods are listed,
including not only examination of patients, but also visual (magnetic
resonance imaging, ultrasound) and biomechanical techniques for de-
termining passive and active volumes of movements and strength in
the muscles of contralateral joints. The main signs of muscle and spas-
tic (neuromuscular) contractures and approaches to their treatment
are given. Conservative physiotherapy methods that mainly consist in
passive stretching of the contracted joint, and indications for the use of
surgical methods of treatment are briefly described. Indications for the
use of collagenase injections are given.

Keywords: joints contracture; muscular dystrophy; collagenase
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bioMeXxdaHiYHe OBI'PYHTYBAHHS
PeabiAITALIMHUX 30XOAIB MICAS TOTAABHOIO
€eHAOMPOTE3YBAHHS KOAIHHOIO CYrAo6a

Pestome. ToranbHe eHAoMpPoTe3yBAHHS KOAIHHOMO CYo6a — Lie MoLMpPEeHA OPTONEAMYHA ONepaLlis, 11O Crps-
MOBQHQ HQ MOAIMLLIEHHST SIKOCTI XXUTTSI AKOAMHW 3 TEPMIHAABHOIKO CTQAIED QPTPO3Y LUASIXOM 3MEHLLIEHHST GOAK
TQ MOAINLIEHHST QyHKUIT. BiAHOBAEHHST MOBHOLIHHOI ¢ YHKLIOHAABHOCTI KOAIHHOIO CYmo6a ricAs ornepadii eHAo-
MpPOTE3yBAHHSI, OCOBAMBO B MALIEHTIB MNPALE3AQTHOrO BiKy, OYAO | 3QAULLQAETLCS] YU HE TOAOBHUM 3ABAQHHSIM
peabirirauii. MeTa po6oTn: HQ OCHOBI GIOMEXQHIHHMX MIAXOAIB PO3POOUTI KOMIAEKC PEABIAITALIMHMX BIPAB
ANS] BIAHOBAEHHSI QYHKLIIOHQABHOCTI KOAIHHOIO CYMo6a MiCAs1 MOro eHAOMPOTE3YBAHHST TQ HOAQTY OLIHKY epek-
TMBHOCTI 3QrpPOrNoOHOBAHOIO KOMIMIAEKCY. PO3SIHYTi OCHOBHI HQMPSIMKM nepeAonepauiviHoi ¢gisiorepanii, a ra-
KOXK peqbiAiTaList HQ Pi3HVX eTarnax BiA MepLIOro TvKHS MiCAs1 onepauii A0 poKy. Ha OCHOBI OTPUMAHMX PAHiLLe
AQHUX OBCTEXXEHHS XBOPUX 3 TOHAPTPO30M | 6IOMEXQHIYHOrO MOAEAKOBAHHST BYAM OBIOYHTOBAHI CreLliaAbHI
Gi3n4HI BrIpaBM HA PI3HMX eTarnax peabiAiTauii, CrpsMOBAHI HQ BIAHOBAEHHST CUAM M SI3IB, LLO CTPQXKAQIOTL Y
npoueci nepebiry AereHepQTMBHOro OCTE0QPTPO3Y KOAIHHOIro Cymo6ba. 3anpornoHOBAHMM KOMAIAEKC PeabiAi-
Tauil BKAKOYQE HN3KY Di3YHMX BMPQAB LLOAO BIAHOBAEHHST CUAM TQ EAQCTUYHOCTI M ‘513iB | CYXOXXUAKIB CTOIM, AUTOK,
cTerHa. KomMrnaekc rnoYnHQETLCS 3 BUKOHQHHST MPOCTUX Aivi LLLOAO PO3POOKU M SI3IB Y ADKKY QOO CUASIYN | 3AKIH-
YyeTbCST CUAOBUMM BIIPQABAMU 3 BUKOPUCTAHHSIM €AQCTUYHMX CTPIYOK, BAPQABAMU HQ MPUCIAQHHS, XOAIHHS HQ
MAAbLISIX. 3QMPOMOHOBAHI PeQBINITALVIHI 30X0AM MOMITHO MOAIMLLYKOTh CTAH MALIEHTIB MNICAS onepaLii eHAonpo-
T€3YBAHHSI KOAIHHOIO CYo6aQ 3aBASIKN BIAHOBAEHHIO QYHKLIIOHQABHOCTI MPOTE30BAHOI KIHLIBKU AAST BAKOHOHHST
MOBCSIKAEHHVX BIPAB.

KAKOHOBI CAOBQ: 0CTEOQPTOO3, TOTAABHE EHAOMPOTE3YBAHHS KOAIHHOIO CYmo6a, peabiAiTaLis; ¢ianyHi BrIpasm

Bctyn

Toranpae ennornpore3yBannsa (TEIT) komiaHOTO CcyTiio-
6a — 11e moLMpeHa OpTOTeUIHA OTIepallisl, sika BKITIOUae
3aMiHy CyIJIO00BUX MOBEPXOHD (BUPOCTKIB CTETHOBOI KiCT-
KM Ta IIJIaTO BEJIMKOTOMIJIKOBOI KiCTKM) KOJiIHHOTO CYIJIO-
0a IJIagKuM METaJIOM i IOJieTUJICHOBUM ILJIaCTUKOM [8].
EnnmonpoTe3yBaHHSI KOJIHHOTO Cyrjioda CHpsMOBaHE Ha
MOJIITIIEHHS SIKOCTI XXUTTSI JIOIWHU 3 TEpMiHaJIbHOIO CTa-
TIE€I0 apTPO3y IUISIXOM 3MEHIIEHHS OO0 Ta MOJTIMIIEHHS
¢dynkuii. Kinbkicts onepaitiii TEIT 30inbiiyerscst B ycix
KpaiHax [12], mpruuoMy 3pocTa€ KiJIbKiCTh Malli€HTIB BIKOM
1o 60 pokis [16].

3BUYaiiHO, BIOHOBJEHHSI IOBHOIIHHOI (YHKIIiO-
HaJIbHOCTI KOJIHHOTO cyrjo0a Iriciisl omepallii eHmgo-

MpOTe3yBaHHSs, 0COOJMBO B MAlliEHTIB Mpale31aTHOTO
BiKYy, OyJ10 i 3a7MIIA€THCS YU HE TOJJOBHUM 3aBIaHHSIM
peabinitalii.

Merta po00TH: Ha OCHOBI GiOMeXaHIYHMX MiAXOMIB PO3-
poOUTH KOMIUIEKC peabiaiTauiiiHux BIIpaB [Ulsl BiIHOB-
JIEHHsI (PYHKIIIOHAJTBbHOCTI KOJIIHHOTO CYIj100a Iic/st oro
EHJIOTIPOTEe3yBaHHS Ta HalaTHU OLIHKY e(heKTUBHOCTI 3a-
MPOMOHOBAHOTO KOMIUIEKCY.

PeabGinitamiiini 3axony B Mali€HTIB, SKi IPOXOASTH
€HJI0TIPOTe3yBaHHSI KOJIIHHOTO Cyrjio0a, MOYMHAITHCS
e mo omepamii. IcHye mexinbKka Iporpam mepemorepa-
LiifHO1 peabiliTallii, ajge BCi BOHU CIIPSIMOBaHI B IepIIy
yepry Ha 3arajbHO(Mi3M4HY IiATOTOBKY XBOPHUX Iepesn
omnepalieio.
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MepeaonepauinHa ¢isiorepanis

Ilepen omepamiero MoXXHa HaBYaTH BIPaB IiCIISIOIIE-
paliifHoi peabimiTamii o1 TOro, 1mo0 Mali€HTU MOTJIN
OinbII e(PeKTUBHO BUKOHYBATH BiAIOBiMHI BIIpaBU OX-
pa3y x miciag Hei. Ilporpama mepemomnepauiiiHol mia-
TOTOBKM TaKOX MOXE€ BUKOHYBATUCS [JIs ONTUMi3auii
(GYHKIIOHAIBLHOTO CTaHYy TMAalli€EHTIB 3 METOl0 MOJiN-
IIIEHHS TicasgonepalifHOTO BigHOBJEHHS. Ilporpamu
nepenorepariiHoi MiAroOTOBKU MOBMHHI OyTH 30cepe-
JI>KEeHI Ha KOHTPOJIi Mo3u, (PyHKITIOHAJIBHUX BIIpaBax JuIst
HUXHIX KiHIIIBOK i Ha BMpaBax, 1110 3MillHIOIOTb 00MIBI
HIKHI KiHIiBKH [10]

Ane pokasziB mogo e(PeKTUBHOCTI IlepeaoIiepalliiiHol
izioTeparii a1 OLIHKM CUMJIM HMXKHIX KiHIIIBOK, OOJIIO,
Jiama3oHy pyxiB ab0 TepMiHiB nepeOyBaHHs B CTallioOHapi
nicis onepauii TEIT KoniHHOTO cyrjioda HeaAOCTaTHLO |35,
7,11, 13].

MicAasonepauinHa peabiAitauinHa
nporpama

[TanieHTn 3a3BUYail BUMMMCYIOTHCS yepe3 AeKiabKa Ji0
nepeObyBaHHSI B CTallioHapi, peabuTiTalilo OTPUMYIOTh B
aMmOyJ1aTOpHUX 200 JTOMAIIIHIX YMOBaX BIPOAOBX 1 TUXHS
TiCJIST BUTTUCKU.

Jl71s1 po3po0JIeHHS MicsomnepaliiiHol mporpaMu peadi-
JIiTaIii TPOBOAUTHCS OLIIHKA CTaHY MAalliEHTa.

Cy0’ekTHBHA OIIIHKA BKJIIOYa€E (aje HE OOMEXYEThCS
IOAATKOBUMU OOCTEKEHHSIMM ):

— omnepaliiiHi Ta micasonepalliiiHi yCKJIaqHeHHsI, SIKILO
TaKi €;

— CKapru Ha KOJIiHHI CYTJ100U Ta iHI1li CKeJIETHO-M’SI30Bi
3aXBOPIOBAHHS B aHAMHE31, SIKIIO TaKi €;

— icTopito XBOpOOM Ta CyMyTHi 3aXBOPIOBAHHSI;

— coliaJibHi (hakTOpU Ta JTOMAITHI YMOBH;

— TIporpec paHHbBOI peadimiTalii (B cramioHapi Ta B 10-
MallIHiX YMOBaXx);

— Oinb Ta iHIII CMMIOTOMU, HAIIPUKJIaA OHIMIiHHS, Ha-
OpsIKu;

— OUiKyBaHHs BiJl orepallii Ta peaoiiTalii;

— KOHKpETHI (DyHKLiOHAJIbHI LIiJTi.

(00’eKTHBHA OIIHKA BKJIIOUAE (ajie He 0OMEXKYETHCS J10-
JMATKOBUMM OOCTEXKEHHSIMM ):

— OIJISIA XipypriuHoi paHu abo pyo1s;

— HasIBHICTb O3HAaK iH(eKIil (ITOYepBOHIHHS, CITaiiK1
LIKipW, aHOMaJIbHE TETLJIO Ta MPUITYXJTiCTh, TUXOMaHKa ab0
03H00). HasBHicTb 03HaK iHbeKIIii moTpedye HaIlpaBIeH-
HS 10 JliKaps;

— HasSBHICTbh HAOPSIKY KOJiHHOTIO Cyrio0a;

— BIAMOBINHI J1a0OPaTOPHi IaHi 1IOAO0 CTaHy Malli€eHTa
(Tepetik 3aJeXXuTh Bill cUTYyallii);

— MepeBipKy Ha TPOMO03 INIMOOKUX BiH (MOXe BKJTIOYA-
TH SIK IHCTPYMEHTAJIbHY JiaTHOCTUKY, 30kpema Y 3], Tak i
aHauti3 (GPyHKIIIOHATbHUX O3HAK — OiJIb y TPY/SIX, 3aAUIIIKA,
MOYEPBOHIHHS a00 3MiHa KOJIbOPY JIMTOK, Oiib abo He-
JKWTB), Y pa3i migo3pu Ha TpoM003 HeOoOXimHe HaIIpaBIeH-
HS 10 JIiKaps;

— maJjbliallilo 03HaK IMiIBUILEHOro TeIlla Ta HaOPsKiB,
aKTUBAallii M’3iB, BilMOBiAaIbHUX 32 (DYHKIIIOHYBaHHS KO-
JIIHHOTO CYIJ100a;

— OLIIHKY aKTUBHOTO i ITACMBHOTIO [ialla30HYy PYXiB KO-
JIIHHOTO CyIJIo0a B TTOJIOXKEHHI Ha CIIMHI;

— OLIIHKY CWJIM M’$13iB HYDKHIX KiHIIiBOK;

— OLIIHKY X0A601 (BUOip TeCTy 3aJe>KUTh Bil CTaHy Ia-
Li€HTA);

— OILIIHKY 3ano0iraHHs HaBaHTAaXEHHIO OIMEpPOBAaHOL
KiHLIiBKH.

OCHOBHI eTanu nicAsonepauinHoi peabiAiTauii

Eman I (00 2—3 muocnie nicas onepauii)

OcHoBHA MeTa IepIIOTro Mepioay peadiiTallil mics eH-
JIOMPOTE3yBaHHSI KOJiHHOTO Cyr00a MoJisirae HacamIiepe/
y 3HUKEHHI 00JIbOBOIO CUHAPOMY Ta 3arOEHHI oIeparliii-
Horo 1Ba. /s ycyHeHHs 00J10 XBOpOMY IMPU3HAYAIOTh
3He0O0JTIOBaJIbHI MpernaparTu, a TakoxX (izionpouenypu, 1o
3HUKYIOTh 00JIbOBUI CUHIPOM.

VY nepiri TUXHI MalieHTY HEOOXiTHO MOCSTHYTH 3TU-
HaHHS OIIepOBAHOTO KOJIiHHOTO cyrjioda g0 90° ta itoro
IMOBHOTO pO3TrMHaHHs. BrmpaBu Ha MOBHE PO3TMHAHHS
KOJIIHHOTO cyIJio0a MaloTh 3aI00irT pO3BUTKY BTOPUH-
HUX 3TMHAJIbHUX KOHTPAKTYp, a OOMEXEHHS 3TMHaHHS
no 90° 3axuuiae onepauiidiHuil 1110B i 3a0e3nevye 3aro-
€HHs1 paHu. DyHKIiOHAIbHA aKTUBHICTh H03BOJISE 3a-
MoOirT HaOpsIKy TKAHUH HAaBKOJIO OMIEpOBAHOTO KOJiH-
HOTO CcyTjo0a.

SK1o cTaH rnailieHTa 103BOJISIE, MOXKHA TTPUCTYITUTH 10
HaBYaHHSI KOPUCTYBAaHHS CXOAaMU, MIPU IIbOMY CJIiJ] TIOsIC-
HUTH, 1O IIPH IOHOMI cXoZaMM Bele HeollepoBaHa KiH-
11iBKa, TIPU CIYCKY — TMPOOTepOBaHa.

Ilepmmii eran peabimiTawii mepegdadae BKIIOYSHHS
3arajJbHMX (Di3MYHUX BIIPAB IJIsI 3MIilITHEHHS M’sI3iB HMX-
HbOI KiHIiBKM (BIIpaBM MOXHa IMPOBOAUTH JIeXKauu Ha
JKOPCTKOMY JIiKKY (MOJTy, crieliaIbHUX TpeHaxepax) adbo
CUJSIUN):

— TiJOLIOBHE Ta TWJIbHE 3TMHAHHS HAaIIl SITKOBO-
TOMIJIKOBOTO CYyIJ100a;

— 3MIIHEHHS YOTUPUTOJOBOTO M’si3a 3MiMCHIOETHCS
LIJISIXOM TAOMY 3irHYTOI, a 3rofoM MpsiMmoi Horu. [lpu
IIbOMY CTOIIa ITOBMHHA OyTM MaKCHUMAaJIbHO 3irHyroio. Ha
IepIIoMy eTalli 3aHSATh MOXJIMBO JOIIOMAaraTd MimiiomMy
HOTU PYLIHUKOM, IIPOBEISHUM IIiZl KOJIiIHOM;

— 3rMHAHHS KOJIiHa Ta KYJIBIIIOBOIo cyrioba. CrioyaTky
BIPaBU BUKOHYIOTBCS Jiexkaul a00 CUASYM, a TTOTIM — CTO-
SIUM, TPUMAIOYUCh 3a OTIOPY;

— CKOPOYEHHSI CITHUYHUX M SI3iB;

— BinBeneHHs Ta rpuBeneHHs crerHa. CrioyaTky BIpa-
BUM BUKOHYIOTHCSI Ha JIiXKKY 200 CTiJIbLli, Mi3Hillle — CTOSTYH,
TPUMAIOUYUCH 32 OTIOPY.

Kpamioro edexkty MoxHa HOCSATTH, SIKIIO Y BIpa-
BU BKJIIOUMTU IIPUAOMM TMOCTI30OMETPUYHOI peakcalii
M’s13iB, TOOTO (hiKcallito Ha AeKiabKa CEKYH] Y MaKCUMaJlb-
HO Hampy>Ke€HOMY CTaHi 3 MOCTYIIOBUM PO3CJa0JCHHSIM Ta
BIIMTOYMHKOM Ha TOH Xe yac.

Eman II (4—6-it muxcoens)

Ha IbOMY eTari IIPpOBOANUTLCA 33KpiHJ’IGHHH JOCAAT-
HCHb IOIIEPEAHBOTO €TaIlly. TpI/IBae TPE€HYBAHHA 4YO-
TUPUTOJIOBOTO M’HSa, 3aBIAKHN AKOMY Tpe6a JOCATTU
ITOBHOTI'O KOHTPOJIIO 3a HiI[I7IOMOM HOTH. HOCHFTI/I IMOB-
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HOTO PO3TMHaAHHS KOJIHHOTO Cyrjioba Ta 3rMHaHHS
no 105°.

Po3impeHHs nianazoHy pyXOMOCTi KOJiIHHOTO Cy-
r1o6a HeoOXiaHO 1T KOM(POPTHOI Xoabou (65°), mia-
itomy cxomamu (85°), cuaiHHsa Ta ctostHHs (95°) [9].
30isblIeHHS] aKTUBHOCTI MAalliEHTIB MOXe MoTpedyBa-
T BUKOPUCTAHHS M’ SIKHUX OPTE3iB IJIS 3amoOiraHHs
YCKJIQJTHEHHSIM.

Eman III (6—8-it muychi)

Ha npoMy ertami no mporpamu peabijiTalii BKIIIO-
YaloTh CWJIOBI BIIpaBU, KOPEKIlil0 KOOpAWHALIl Ta
301/IbIIIEHHS] iIHTEHCUBHOCTI aKTUBHUX Hiii. EHmomnpo-
Te3yBaHHSI KOJIIHHOTO cyrioba moJjiniye QYHKILT,
MoB’si3aHi 3 6aaHCOM: KOHTPOJIb MO3U, piBHOBAara npu
CTOSIHHI Ha ONHIW HO3i, O0ajaHC HaBaHTaXEHHS TIpU
CTOSIHHI Ta xoawbi [3, 6, 15, 17], ame TpeHyBaHHSA SIK
110 oriepaltlii A5 BUpOOJIeHHS MPaBUJIbHOTO BUKOHAHHS
BIIpaB, TaK i B IicJsoIepaliifHOMY mepioai HeoOXimHi
IJIS1 3aKpirieHHs epeKkTy Ta BUMIPaBJIEHHS HENPaBUJIb-
HO c(opMOBaHMX XMOHMX 3BMYOK Y Ipolieci mepeodiry
XBOpOOMU.

BripaBu Ha piBHOBary BKJIIOYalOTh XOJIb0Y MO MapKepax,
1110 BiIMiYalOTh JOBXWHY KPOKY, 3 TIOCTYITOBUM 301JIbIIIEH-
HSIM LIBUJIKOCTI MepecyBaHHS Ta MTOBXWHU KPOKIB, Tepe-
CTYMaHHS Yepe3 MpeaMeTH, CIoYaTKy HeBUCOKIi, a TOTiM
3 IIOCTYIOBMM 301JIBIIIEHHSIM IXHBOI BUCOTH. [lech Ha 8-it
TWXJEHb TIPU I0OCTATHHOMY KOHTPOJIi TTPOTE30BAHOTO KO-
JIiHa 0 TIpOrpaMU MOKHA BKJIIOYATU BIIPaBU CTOSIHHS Ha
OIHil1 HO3i, CITOYATKY i3 TPMMaHHSIM 3a OIlopy, a IMOTiM —
6e3 Hei [14].

Iicnst 111 eramy (Bim 8-ro TMXKHSI 1O POKY) TALliEHTH
MOXYTb MPOXOAUTH iHAMBIAYaJIbHI MpOrpaMu peaditiTalii,
1110 TepeadavyaroTh KOPEKIIit0 HA0YyTUX XMOHMX 3BUYOK CTO-
SIHHSI Ta TIepecyBaHHs, sIKi chopMyBasucst B IIpolieci repe-
0iry xBopoou.

TlaiieHT” MPOIOBXKYIOTh TPEHYBAHHS JIJIsI 3MilTHEHHSI
CUJIM M’513iB, OJTHOYACHO HaMaramuuch JOCITTU CUMeE-
TpuuHOCTi. TpuBaOTh BOpaBu IJisI BUPOOJIEHHSI CUMeE-
TPUYHOCTI JOBXMHM Ta TPUBAJIOCTiI KpOKiB [2, 4], a Ta-
KOX [1J1s1 BAPOOJIEHHSI CUMETPUYHOCTI HaBAaHTaXXEHHS Ha
KiHLIiBKM [1].

OG6rpYHTYBAHHS CrieuiaAbHUX PisNYHNX
BMPAB HA Mi3HiIX eTanax peabiAitauii
XBOPUX niCAs eHAONPOTe3yBAHHSA
KOAIHHOro cyrano6a

A noxkaszanu pe3yabTaTW MOJETIOBaHHS, OCHOBHE
YCKJIaIHEHHS TPUBAJIOro IMepediry roHapTpo3y — KOHT-
PaKTypHu KOJIiHHOTO cyrjioba Mpu3BOAUTh 10 3MiH y PO-
00Ti He TiIbKKU M’A3iB, 1110 OTOUYIOTh KOJTIHHUI CYTJI00,
aJie i yciel HUXKHbBOT KiHIiBKM. 301JIbIIIEHHST BUPaXKEHOC-
Ti KOHTPAKTYpHU Beje JO0 HAKOTMMYEHHS LMX MMaToJIOoTiu-
HUX 3MiH i 3aJIy4eHHS Yy TIpoliec M’s13iB TPaKTUYHO BChO-
ro ckeneta. lle BUpaxaeTbcs y 3MEHILIEHHI OMHUX M’ SI3iB
Ta, HaBITaKM, 3pOCTaHHI CUJIM CKOpoueHHs iHmmXx. [1pu
BUpPaKeHUX KOHTpPaKTypaX KOJiHHOTO cyrjioba (Oinblie
30°) piBeHb acUMETpii cUIM M’S13iB MOXe CAraTh JecsT-
KiB BiJICOTKIiB.

Haii6inbmr ypasnuBumMu 1ipu OyIb-sKUX 3aXBOPIO-
BaHHSX HIDKHIX KiHLIBOK € M’g3u ctomn. Lle moB’sa3aHo 3
BaXKJIMBOIO POJLTIO, SIKY BillirparoTh 1ii M’s131 JUIs 3a0e3me-
YEHHS CTiKOCTI TIpY CTOSTHHI Ta X0ab0i. ToMy TpeHyBaH-
HSI M’SI3iB CTOTI € HEOOXiIHUM eTaroM JJIsl BiTHOBJICHHS
(YHKIIIOHAJBHOCTI MiCIIsT €HAOIIPOTe3yBaHHS KOJIIHHOTO
cyriao0a.

IMoynHaTy TpeHyBaHHSI M’SI3iB CTOIT MOXHA BXKe Ha Mep-
LIOMY eTarli pea0initaiii. HaBogumo nekinbka BIpaB st
3MilHEHHSI CUJIM M SI3iB CTOM 3a 30epeKeHHsT abo BilHOB-
JIGHHSI €JTACTUYHOCTI 3B’S130K CTOTIU.

3eunanns ma pozeunanns cmon. Csapre Ha MiAJIOTY Ta
BUIIPSIMiTh HOTM Tiepes co0oto. BaxiimBo cTexxuTu, moo
I Yac HaTSITyBaHHS CTOTM BEJIMKWM Majellb, Mi3UHEIb
i M’gTKa 3a1UIIATUCh B OHIN TIJIOMIMHI — TiJbKHU 32 1Ii€l
YMOBU M’SI3U 3MIiIIHIOBATUMYThCSI i PO3TATYBATUMYThCS
30amaHcoBaHo. Ilpu po3ruHaHHi cronu Tpeba HaMaraTu-
Csl BUTSTYBaTH MaJjblli Hir, a He MiAKpY4YyBaTU Mid CKie-
MiHHS cTonu. Po3irHyTH cToIly Ta 3aTpMMaTU B TaKOMY
noJjioxkeHHi Ha 10—15 cekyHI, po3ciabUTU CTOMY Ha TOM
’Ke yac, MOTiM 3irHyTH cToIly i 3adikcyBaTH MOJOXEHHS
TakoxX Ha 10—15 cexkyna. Poscnaburu cromy. IToBTOpIio-
Batu 10—20 pasiB. [Ipy BUKOHAHHI 1i€l BIpaBu TpPeHY-
I0ThCSI HE TIJIbKU M’$S131 TUTAHTApHOT MOBEPXHi CTOMH, a i
TaKOX M’SI31 JINTOK.

Kpyeoei pyxu cmonamu écepeduny ma Ha3o8Hi MOX-
Ha MOYMHATU BUKOHYBAaTU Ha paHHbOMY eTali pealii-
Tallii, MOCTYNOBO 30iJbIIYI0OYM IHTEHCUBHICTh Yy Mipy
BiIHOBJIEHHSI KOHTPOJIIO MPOTE30BAaHOIO KOJiHHOIO
cyrioo0a.

Seunannsa narocno-paaanzoeux cy2ao6ie. IlocraButu
CTOTIY Ha TIi/UTOTY Ta, MaKCUMAaJIbHO 3irHYBIIM TIIeCHO(MA-
JIaHTOBI cyrjobu, 3anumutucs B 1iid mosuii 20—30 ce-
KyH[, po3ciabutuck. [Tosroputu 10—20 pasis.

Xeuaenodioni pyxu cmon. Cicti Ta BUTHYTH HOTHU Iic-
pen coboro. BukoHyBaT XBUJIEMONiOHI pyXy CTOIIAaMU B
TaKOMY IIOPSIIKY: IUIECHU CTOIM BHM3 — IaJIblli BHU3 i
BIiepea — TiJIbKM IMaJblli BTOpy — BCs cToma Ha cebde. g
BIIpaBa CIpsIMOBaHA Ha 3a0e3IMeYeHHs] HOPMaJIbHOI THYY-
kocti ctomn. [ToBToptoBatu o 10—15 pasziB st KOXHOT
CTOITH.

HactynHi BnipaBu moumHaioTh BUKOHyBat Ha Il erari
peabimiTarii.

Ilidiiom na naavysx cmonu. Criouatky BIIpaBU Tpe-
0a BMKOHYBaTH, TPMMAaIOUYMCh 3a OIOpYy (CTiJI, cTiHA
tomo). Cratu OilsT omopu, MaKCHMMaJIbHO PO3irHYTH
KOJliHa, MiZHiMaTHUCd OJHOYACHO Ha MaJdblsgX JIBOX
cton, 3aTpuMmymuuch Ha 10—20 cexynn. IloBTopio-
Batu 10—20 paziB. Ha 5—6-My THXHi BIpaBu MOXXHa
MpoBOAUTHU 0e3 onopu. JlyxKe BaXJIMUBO CTEXUTH, 10O
KOJIiHa Ta IIMKOJIOTKM HE MiABepTaJucsl BCEPEIUHY
a0o He BUIIaJaJiu Ha30BHIi, MPU HEOOXiTHOCTI MOXJIH-
Ba nojaTKoBa (ikcaliss KOJiHHUX CYIJIo0iB M SIKUMU
opTe3aMu.

Ilonepeminnuii nidiiom na naavysax. TlonepemiHHO
CHMpPATHUCS Ha Maiblli, OMHOYACHO 3TMHAI0YM KOJIiHO, I10-
BTOPUTHU 151 IPOTUJIEXKHOT HOTU, 3aTPUMYIOYUCH Ha KOX-
Homy etami Ha 10—15 cexkyna. BapianTom 1€l BhpaBu
MOXe OYTH CMOYaTKy MOBUIbHE NMEePEMUHAHHS 3 TTOCTYIIO-
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BUM 30UIBIIEHHSIM IIBUAKOCTI, ajie IIBUAKICHUIA BapiaHT
BUKOHYIOTH ITi3HillIe HixXK Ha 7—8-MYy THXHi.

Xodinna na naavysx. J{oBoni CKiamHa BIOpaBa, sIKY
MOXHa BUKOHYBATHM Ha Mi3HbOMY €Tarli peadimiTalii, Kojau
MOBHICTIO BiIHOBWJIACS 3HATHICTb MiATPUMYBATH PiBHO-
Bary, Jech uepe3 6—8 MicsIIiB Mic/Ia eHIONMPOTe3yBaHHSI.
Bukonanns miei BupaBu Tpeba KOHTPOJIOBATH i BUKOHY-
BaTU OiIST OImopM I 3amo0iraHHs IMaaiHHIO, 0axkaHO IIif
HaIJISIAOM JIiKapsl.

Ha erami panHboi peaOimiTauii mist 3MilIHEHHST M’$13iB
TOMIJIKY IMPONOHYEMO BKJIIOUYATU HACTYIIHI BIIpaBU.

3eunanna cmonu 3a TOTIOMOIOI €JJACTMYHOI TyMOBOI
CTPIUYKM: CTPIUKY TATHYTU Ha cebe, HOrolo YMHUTU OTip.
[ToBTOprOBaTH /ISt KOXKHOI cTomu 1o 5—10 pasiB. Taraytu
CTpiuKy Ha cebe, mpuB’sa3aBIIH ii 10 ortopu. [ToBToproBaTn
IUTIS1 KOXXKHOI cToru 110 5—10 pasis.

Cmosannsa na n’asmrax. IlpuTyauTrcs iedrMa 10 CTi-
HU, T’ SITKW PO3TalllyBaTU Ha BiICTAHi IIMPUHU CTOIU OJTHA
Bill OIHOI, TTOBIBHO MigHIMATU MAaJblli CTOMM, CIOYATKY
MOIepeMiHHO, 3aTpUMYIOUHM 3irHyTy cromy Ha 10—15 ce-
KYH, MOTiM MOBTOPIOBaTH, 3TMHAIOYM OOWIBiI CTOIM OJ-
HouacHo. [ToBToptoBaTu o 10—15 pa3sib.

Ha III erami peaGimitaiiii mpyu BiTHOBJIEHHiI KOHTPO-
JIbOBAHOI XOJbOM PEKOMEHAYEMO BWKOHAHHS TaK 3BaHOI
«x00u MoHCcmpa». JI0BX1MHA KOJIa CTPIYKU JOPIBHIOE J0-
BXMHI KPOKY, X01b0a BUKOHYETHCS 3 OTHOUACHUM PO3TSI-
TYBaHHSIM €JIACTUYHOI CTPIUKU.

T'onoBHOI0O TpUYMHOI (OPMYBAHHS KOHTPAKTYyp
KOJIIHHOTO cyrjio0a € HeIOCTaTHICThb MiAKOJiHHUX CY-
X0Xuab. [MinKOMiHHI CyXOXUIS € TPYNOIO MOTYXXHUX
M’s13iB, SIKi IpOCTSITalOThCS BiJl Ta3a J0 KOJiHa Ha 3a-
NHIlf CTOPOHI BEPXHbOI YACTUHU HOTU. BOHU BUKOHY-
I0Tb 1Bi OCHOBHi ()yHKIIi1 — pO3irHyTH HOTY Ta 3irHYTU
KOJIIHO, TOOTO pyXH, 110 3[iliCHIOIOTHCS B MOBCSAK/ICH-
HOMY XUTTi. BimHOBIeHHsT GYHKIIII LIBOIO KOMILJIEK-
CY € UM HE OCHOBHUM JJisI TIOBHOIIHHO1 pealiiiTanii.
Kpim 3aranpHux (pizsMIHMX BIIpaB caMe IJISI BiIHOB-
JICHHSI CUJIM Ta €JIaCTUYHOCTI M’ S13iB 3aIHbOI MOBEPXHi
CTerHa MpOMOHYEMO BKJIIOYATU B KOMIUJIEKC HACTYIHI
BIIPaBU.

Ha pannboMy etami peaGimitauii MoXHa BUKOHYBaTHU
BripaBu Hanienpucioanusa. Ctatu Oilsg CIIMHKM CTiJIbII,
HOTH MOCTaBUTH HA IIUPUHY TUTIY, 3iITHYTU KOJIiHA Mil Ky-
ToM 45° i 3aikcyBatu nosnoxkeHHs1 Ha 10—15 cexkyHa. [To-
BroptoBatu 10—15 pasiB. Y Mipy 30iIbIIIeHHST 00CSTY pyXiB
Yy KOJIIHHOMY CYIJ100i KyT 3TMHAaHHSI MOXHa 30iJIblIIyBaTH
1o 75—80°.

B xinmi Il eTamy 1o KOMIUIEKCY MOXHa BKIIOUYUTHU
Oiuni eucmynu 3 eaacmuunoro cmpiukoro. 11s Brpaba
3MilIHIOE BinBimHi M’s3u cTterHa. EmacTuuHy cTpiu-
Ky HATSITHYTM Ha KiCTOYKM, TTOCTABUTU HOTH DPA3OM.
3yierka 3irHyTHM KoJiiHa, TPMMalUYUCh 3a JOBIY TOPHU-
30HTaJIbHY omopy (HampuKJaa, rmaparet abo CTaHOK),
3pobuTu 5—10 KpoKiB CrmovYaTKy B OJIMH OiK, MOTiM — B
inmwuii. [Ipy BUKOHaHHI KPOKiB CIiAKYyiTe 3a iX ogHa-
KOBOIO IIMPUHOW0. Tpeba 3BepHYTH yBary Ha MpaBUJIb-
HY TeXHIiKY i He JO03BOJIATU KOJiHaM 3TMHATUCS BCe-
peanHy. MoxHa BUKOPUCTOBYBATU M’ SIKMI KOJIiHHUM
opres.

360pomHe K0B3AHHA 3 eAACHMUMHOIN CHPIYKOI0 Ha-
3a0. BripaBa moibHa 10 «XOOW MOHCTpa», TiITbKU KPOK
pooutbcst Haszan. [losroproBatm 10—15 pa3siB KOXHOIO
HOTOIO0.

AHQAI3 epeKTUBHOCTI peabiAiTauinHnx
3aXOA|B LLOAO BiAHOBAEHHS
CUMETPUYHOCTI XOAbOU

Ha xoHTponbHOMY Orjsiai uepe3 6—8 MicsILiB ITic/ist eH-
IOMPOTe3yBaHHS KOJIHHOIO Cyryio0a CTaH Ialli€eHTiB OyB
OLIIHEHU 32 TAKUMU KPUTEPisIMU:

— KYT 3TMHaHHS KOJiHHOro cyrjio6a miHimym 100° Ta
IMOBHE MOro pO3rMHAHHS;

— nepecyBaHHs 06€3 KyJIbraBOCTi Ta JOIaTKOBOI OMOPHU;

— BiTHOBJIEHHSI OITOPOCITPOMOXKHOCTI OMEPOBAHOI KiH-
LiBKU;

— CUMETPUYHICTh CUJIM M’513iB HUXKHIX KiHITiBOK.

BigmosigHo, y XBopuX He MOBMHHI BiI3HAYaTHCS O3HA-
KW YCKJIAJIHEHb, TaKUX SIK HECTAOiLIbHICTb €HIOIPOTE3Y,
iH(deK1ii, HaOpsAKK, MOAPa3HEHHS TOIIIO.

OCHOBHUM YCKJIaIHEHHSM, SIKE€ BiIMiyaJu y XBOpHX,
OyJia BiJICYTHICTb OBHOTO PO3TMHAHHS KOJiHHOTO CYIJIO-
0a, IpU LIbOMY KYT 3rMHaHHsI HAOJIMXKaBCsI 10 HEOOXiTHOrO
Ha MOMEHT OIJISITY.

JlonaTkoBOI0O OIOPOIO MPOAOBXYBAIM KOPUCTYBATHUCS
MalieHTH TepeBaXkHO MOXWIOoro Biky (crapime 70 pokiB)
i XBOpi, IKUM OYJIO TTOKa3aHO MPOTE3yBaHHSI JAPYroro Ko-
JIIHHOTO cyrjIo0a. Y IIUX XBOPHUX Big3HAYaIld TaKOX KyJIb-
raBiCTh, ITOPYIICHHS ITapaMeTPiB KPOKiB.

XBopuM, SIKi He TUIAaHYBaJIM MPOTE3yBaHHS IPYroro Ko-
JIIHHOTO cyrio6a abo BXe MPOMIILIM Horo, OyI0 peKOMeH-
JIOBaHE BKJIIOYEHHS B KypcC peadisiTallil 3alIpOonoOHOBaHUX
Hamu Gi3UYHUX BIipaB. [lesKi 3 MalieHTiB TPOXOIUIIN OTO
B YMOBaX BilliJIeHHs peadiiTallii, iHIIi BAKOHYBaJIU BIpa-
BM JIoMa 3TiTHO 3 peKOMEHIALIISIMU JiKapsl.

Ta6auusa 1. OuyiHka peabiniTayifiHnx 3axoais 3a BeJIMYNHOIO 0OCSry pyxiB y KONIHHOMY cyrio6i

Mpyna xBopux OO6cqr pyxiB y konliHHOMY cyrnooi , °
3ruHaHHq Po3ruHaHHqa
| 1105 2+2
105+120 0+5
1] 101£5 5+2
95+ 110 0+7
CTaTnCTMYHA 3HAYYLLICTb PISHULL MiX t=4,397 t=-2,847
rpynamu p =0,001 p=0,012
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Ha xonTposbHOMYy orjisiai yepe3 1 pik micjs oreparlii
€HJO0NPOTEe3yBaHHS NalliEHTU OYyJI1 TPOTECTOBAHI 3a 3rajga-
HUMU BUllle 03HaKaMu. i aHauti3y echeKTUBHOCTI peadi-
JIITAliifHOTO KOMILJIEKCY XBOPi OYJIM po3/ijieHi Ha 2 TpyIu.
Mo I rpynu yBifinm 10 nauieHTiB, SKi MPOUILLINA KypC pe-
abiniTailii 3a pekomeHaoBaHo Mporpamoro. o Il rpyrnu
Oy/I1 BKJTIOUEHI 8 Malli€HTiB, SIKi IIPOXOIMUIN peadimiTallito
HeperyJIsipHO i 0e3 BKJIIOUEHHS B MPOrpaMy peKOMEH10Ba-
HUX BIIPaB.

PesynbTaTu oniiHKu peadiniTalii 3a 00CSIrom pyxiB y Ko-
JIIHHOMY CYIJ100i (KyT 3rMHAaHHSI/pO3TMHAHHSI ) HaBEACHI B
Tadn. 1.

3a pe3yjbTaTaMu CTATUCTUYHOTO aHalli3y OyJi0 BU3HAa-
YeHo, 110 Y MalieHTiB | rpynu KyT 3rMHaHHS KOJIiHHOTO
cyriioba B cepegHboMy 110 £ 5° mocar HeoOXimHOTo piBHSI
(He menme 110°) m1st MOBHOLIHHOTO (DYHKIIIOHYBaHHS
MPOTE30BaHOIO KoJiliHa, BogHoYac y xBopux Il rpynu kyt
3rMHAHHS B CEpeaAHbOMY I10 rpymi ctaHoBuB 101 + 5°, mo
€ cTaTUCTUYHO 3Hauyiie MeHuM (p = 0,001), xoua B ne-
SIKMX XBOPUX BiIMiuaBCs KYT 3TMHAHHS y MeXaX HOPMU
(110°).

[ToBHOrO pO3rMHAaHHS KOJIIHHOTO Cyrjioda OCSTIH,
Ha XaJib, He BCi MalliEHTH, X0o4a B | Tpymi KyT 3ruHaJIbHOT
KOHTpPaKTypH 2 * 2° OyB CTaTUCTUYHO 3HAUYIIe MEHIITUM
(p=0,012), ixx y Il rpyni 5 + 2°.

Ha xoHTponbHOMY ormisiii micisi omepallii eHIornpo-
TesyBaHHs 4 mauieHtd | rpynu ta 3 mamienTtu Il rpymm
KOPUCTYBaJMCS JOJATKOBOIO OIMOPOI0 Ha TauIIIo, sKa
nepeBakHO Oyjia MOTpiOHA HE CTIIbKM 4Yepe3 CKIagHiCTh
nepecyBaHHsI, CKiUIbKH SIK 3aCi0O cTpaxyBaHHSI Ha BUIAI0K
MO>KJIMBOTO MAdiHHS.

Yepes pik micist onepaiii eHIOoNpoTe3yBaHHSI KOJIiH-
Horo cyrio6a B | rpymi Tiibky 1 XBOpuUil MPOAOBXKYBaB
KOPMCTYBATHUCS TaJUIICIO, sIKa, 3a CJIOBaMM MallieHTa,
OyJia iHOJI TTOTPiOHA Yepe3 HeOoOXiTHICTh JOBTO XOOUTH.
B I1 rpyni nanuiieo mpogaoBXUJIM KOPUCTYBAaTUCS 2 Tia-
LiEHTHU.

Mu He OLIHIOEMO 3a IIUM MOKa3HUKOM e(eKTUBHICTb
peabinmiTallii, OCKiIbKM BiIMOBa Bil A0IAaTKOBOI OMNOpPU
MOXe OyTHU MOB’s13aHa i 3 MPUPOIHUM MPOIIECOM aJarTallii.

BUCHOBKMU

3anponoHOBaHU KOMILJIEKC peabisiTamiiiHuX 3axo-
IiB Ha pi3HMUX eTaltax peadiliTaiii MOMITHO MHOJIIIIIYE
CTaH TAlli€HTIB MiCJs olepalii eHIoIIPOTe3yBaHHS KO-
JIIHHOTO cyry100a 3aBAsIKUA BiTHOBJIECHHIO (DYHKIIIOHAIb-
HOCTIi IpOTe30BaHOI KiHIIiBKY JJIsI BUKOHAHHS TTOBCSIK-
JeHHUX BIPaB.

Konduikr inTepeciB. ABTopu 3asIBJISIIOTH TIPO BiICYT-
HiCTb KOH(UIIKTY iHTEpeciB Ta BiacHOI (piHaHCOBOI 3alli-
KaBJIEHOCTI TIPY TiATOTOBIII TaHOI CTATTi.
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Biomechanical justification of rehabilitation measures after total knee replacement

Abstract. Total knee replacement is a common orthopedic sur-
gery that aims to improve the quality of life of a person with end-
stage osteoarthritis by reducing pain and improving limb function.
Restoration of full functionality of the knee joint after arthroplasty,
especially in patients of working age, has been and remains the
main task of rehabilitation. Objective: based on biomechanical
approaches, to develop a set of rehabilitation exercises for restor-
ing the functionality of the knee joint after its replacement and to
evaluate the effectiveness of the proposed method. The main di-
rections of preoperative physiotherapy are considered, as well as
rehabilitation at different stages from the first week to one year after
surgery. Based on previously obtained data from the examination
of patients with gonarthrosis and biomechanical modeling, special

physical exercises at different stages of rehabilitation were substan-
tiated, aimed at restoring the strength of muscles affected by degen-
erative osteoarthritis of the knee joint. The proposed rehabilitation
includes a series of physical exercises to restore the strength and
elasticity of the muscles and tendons of the feet, calves and thighs.
It begins with simple actions to prepare muscles in bed or when sit-
ting and ends with strength exercises using elastic bands, exercises
with squats, walking on toes. The proposed rehabilitation measures
significantly improve the state of patients after knee replacement
surgery by restoring the functionality of the limb to perform daily
exercises.

Keywords: osteoarthritis; total knee replacement; rehabilitation;
exercises
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AVNCTAHLIMHUA HOBYOABHUN NpoLec
B YMOBQOX NAHAEMIl

Pestome. B ymoBax naHaemii BKPAw BAKAMBO 3HATM | PO3YMITV TOYKY 30PY CTYASHTIB 3 MATAHb AMCTAHLIMIHOIO
HQBYQABHOIO MPOLECY, MPOOAEMU, 3 SIKMMIM BOHM CTUKQIOTHCSI, TQ BPAXOBYBATU X MPOMNO3MLIT LLLOAO MOKPALLEH-
HS1 SIKOCTI HQAQHHSI OCBITHIX MOCAYr. MeTta: npoaHAAI3yBATY QHOHIMHE QHKETYBAHHSI 3A00YBQYIB BULLLOI OCBITH
TQ BUBYUTK OO '€KTUBHE CTABAEHHST Cy6O E€KTIB HOBYQHHST AO LLUASIXIB ONTUMI3ALIT AMCTAHLIMHOI OpMI HOBYQHHST
i aaanrauii ii B ymoBax naHaemii. Marepiaam ta mMetoan. Ha kapeapi ToaBMATOAOTI TQ OPTONeAil npoBeseHe
PAHAOMI3Z0BAHE AOCAIAKEHHST CEPEA CTYAEHTIB 5-TO KYpPCY MEANYHUX QAKYALTETIB. B OMMTYBAHHI B3SIAM Y4QCTb
85 cryaeHTiB. AHKETQ MICTUAQ 3QMUTAHHST LLIOAO MPEAMETY AMCKYCIi MO epeKTUBHICTb AMCTAHLIMHOIrO HOBYQHHS
niA 4QC KQPAHTUHY, MNOB S13QHY 3 PIBHEM | OPraHIi3ALIEO ANCTAHLIVIHOrO HABYQHHSI BAOMQ, HQSIBHICTb CBOERIAHMX
repeBar TQ HEAOAIKIB, CKAGAHOLLIB, IO BUHWKQIOTb Y MPOLECI BUBYEHHST AUCLMIMIAIH, TQ MPOno3uLii oA yAO-
CKOHQAEHHSI 3Q0YHOIro HABYQHHSI. Pe3yAbTaTtu. [TiCAs MOOBEAEHOro QHKETYBAHHST QHAAI3 BIAMOBIAEV OMUTAHMX
CTYAEHTIB 3ACBIAYMB CepeA nepeBar AMCTAHLIMHOI GOpMU AOAQTKOBUK CTUMYA AO CAMOOPIAHI3ALI TQ BUCOKY
MOTUBALIKO Y 3A06YTTI 3HQHL (37,9 %), 30IAbLLEHHST YACY, BIABHOIO BiA 3QHSITh (12,6 %), TG MATEPIAALHY €KOHO-
Mito (4,3 %) Yepes BiACYTHICTb TPAHCIOPTHUX BUTPAT AAST IPUOYTTST AO KAIHIYHOT 6a3u. CKAQAHOLL Moy BUBYEHHI
AVCLMINAIH Y CTYAEHTIB (41,3 %) 6yAn MOB s13QHI 3 HEAOCTATHIM 3HAHHSIMU QHATOMII AtoAVHM. Cepea HEAOAIKIB
AVNCTQHLIMHOI pOpMm HaBYAHHST (69,8 %) peCrnoHAEHTV B6QHYAKOTs 6PAK CrIAKYBAHHST 3 OAHOTRYNHUKAMM, BiA-
CYTHICTb 6€3M10CepPeAHbOr0 KOHTAKTY i3 XBOPUMM TQ HOAMIPHICTE HABAHTAXKEHHST (17,6 %). BUCHOBKW. AMCTQH-
LiIMHO ¢OopMa HOBYQHHST OTPUMQAAQ CXBAAbHY OLIHKY. AesiIka YQCTUHA PECIOHAEHTIB CBIAOMO MOKAQAQ BIAMO-
BIAQABHICTb 3Q TRYAHOLL AMCTOHLIMHOrO HOBYQHHST HQ cebe, BKA3ABLLM HQ OCOBUCTE HEAOCKOHQAAE MPArHEHHS
Y 3A006YTTi 3HQHb TQ AOCSITHEHHI PE3YALTATIB BAQCHOI Mpo®eCCiviHOI nmiarotoBkM. KiAbKICHMA PO3MOAIA OTPUMQAHMX
BiarioBiaev (36,8 %) CBiAYNTb MPO HEOBXIAHICTb YAOCKOHAAEHHST BXKE iICHYIOYMX CrIOCO6IB TQ NOCTIMIHOIO MOLLYKY
IHHOBQALIVIHX pOPM POBOTH 3i CTYAEHTAMMU ANST BAKAQAQHHST HOBYOABHUX AMCLMNMIAIH HQ KQeApRI TOABMQATOAOTT
TQ OPTOMEAII B yMOBAX MAHAEMII.

KAIOYOBiI CAOBQ: AVICTQHLIVIHE HOBYQHHSI; SIKICTb OCBITH, QHKETYBAHHSI; TAHAEMIs

Bctyn

eKCTPEeHOI MeOMYHOI ITOIIOMOTHU: XipypTri€ro, IUTSIYO0I0

JucTaHLiHUI HaBYAJIBLHUU Mpolec, SIK BUMYIIEHA
TMMYacoBa (hopMa OCBITH y BUIIMX HAaBUAJIbHUX 3aKJa-
nax (BH3) Ykpainu, nepenbavyae 30aTHICTh CTyAeHTa
0 CaMOCTiHHOTO BUKOPUCTAHHSI Cy4aCHUX TEeXHIUHO-
ocBiTHiX TexHoJjoriii [1]. IlpenMeToM BUBUEHHSI OMC-
LUILUIiH, 110 BUKJIAZalOThCsd Ha Kadeapi TpaBMaTOJIOTil
Ta OpTOIleAii, € METOAM AiaTHOCTUKMU, JIIKyBaHHS Ta pe-
abiniTanii XBOpUX 3 MOIIKOIKEHHIMU OMOPHO-PYXOBO-
ro amapaty. Lli AMCHUIUTIHU I'PYHTYIOTHCSI HA BUBYEHHI
CTyICHTaMM TaKuX (PyHIaMEHTaJbHUX IUCIUILIIH, SK
aHaToMisl JoauHU, izionoris, pamionoris Ta 3arajibHa
Xipyprisi, siKi iHTerpyThCs 3 AUCUMIUTIHAMU 3 HaTaHHS

Xipypriew, HelipoxXipypri€to, aHecTe3i0I0Ti€l0 Ta iHTeH-
CUBHOIO Tepami€io [2].

[IpoGiiema po3BUTKY OCHOBHUX HAIPSIMKIB OYHOTO IIM-
KJIy HaBYaHHS 3aliMa€e 3HaYHE MICIle B PO3poOKax 3 Ieaa-
roriku. 3a yMOB pO3IJIsIIy MUTaHb PO3BUTKY BUIIOI IIIKOJIU
MPIOPUTETHUM € MiIBULIEHHS SKOCTI MiATOTOBKU MaiiOyT-
HBOTO JiKaps-crelianicta. TumMyacoBuid mepexia OCBiT-
HBOTO TIPOIIECY 0 aJbTEPHATUBHOTO PEXMMY HaBUAHHS
yepes KpU30Bi 00CTaBUHM, MOB’sI3aHi 3 MaHAEeMi€l0, He T0-
BUHEH BIUIMBATU Ha OOCST i SIKiCTh 3aCBOEHHSI CTYIEHTOM
crieliaIbHUX MEAMYHUX 3HAHD 1 MPAKTUYHUX HABUYOK, 110
€ OTHMM 3 BaXKJIMBUX (DaKTOPiB MOTO IMiArOTOBKM [3].
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st 3mo0yBayviB BUILIOI OCBITU TependayeHuit Binkpu-
TUI TOCTYM Yyepe3 Mepexy IHTepHeT 10 MaTepialliB 3a Te-
MaMM UMKIIiB, BUKJIaJeHUX Ha caiiTi. Tomy ns kadenpu
BaXKJIMBO 3HATH i PO3YMITH TOUKY 30pY CTYJIEHTIB 3 MUTaHb
MUCTaHIiHOT (opMU HaBYaHHS, TPOOJIeMU, 3 SKUMU
BOHU CTUKAIOThCS, Ta BPaXOBYBATH iX MPOMO3UILIIi 11100
MOKpAaIlleHHs SKOCTi HaJaHHSI OCBITHIX ITocayr. Binrykm
TUX, XTO HABYAETHCS, — 1I€ KOPUCHA TIiJICTaBa /ISl 3MiH,
iX HeoOXimTHO 00OB’SI3KOBO BpaxOBYBaTU IIPU PO3pOOILi
HaBYaJIbHUX MaTepialliB Ta METOIB OLIIHKU SIKOCTi 3HaHb
[4, 5].

MeTa podOTH: mpoaHani3yBaTH aHOHIMHE aHKETY-
BaHHS 3100yBaviB BUILIOI OCBITH Ta BUBUMTU 00’ €EKTUBHE
CTaBJICHHST Cy0’€KTiB HaBYaHHS 0 LIISIXIB ONTUMIi3allii
MUCTaHIiHOI (hopMU HaBYAHHS i aganTallii il B yMoBax
naHaeMil.

MaTepiaAn Ta MeToAmn

Ha xadenpi npoBegeHe paHIoOMi3oBaHEe TOCITIIKEHHS
cepel CTYASHTIB 5-To Kypcy MeOIWYHUX (aKyIbTeTiB. AH-
KETYBaHHSI BUKOHYBAJIOCS TICJsl 3aKiHUEHHS AMCTAHIIiM-
HOTO HaBYaHHS Ta CKJIaJaHHS TU(EepeHIIii0BaHOTO 3Ky
3a nuKiIamMu «TpaBMarTosorisa Ta opTomnefdis» i «BilicbkoBa
Xipyprisi», 1110 103BOJUJIO OTpUMaTU 00 €KTUBHI AaHi Bif
cy0’exTiB HaBYaHHS. B onuTyBaHHI B3sIM yyacTh 85 cTy-
NEHTiB. AHKETa MiCTWJIa 3alIUTaHHS IIOAO MPEeaAMETY AUC-
Kycii Tpo eeKTUBHICTb AUCTAHIIHHOTO HABYAHHS TTi/1 Yac
KapaHTUHY, TTOB’sI3aHy 3 piBHEM i opraHi3alli€lo JUCcTaH-
LiTHOTO HaBYaHHS BIOMa, HasIBHICTh CBOEPIIHUX TTepeBar
Ta HeJOJiKiB, CKJIaAHOIIIB, III0 BUHUKAIOTh Y IIPOIIECi BH-
BUEHHSI IMCUUIUIIH, Ta MPOMO3UILil 00 YAIOCKOHAIEHHS
3a0YHOTO HABYAHHSI.

Pe3yAbTaTU TO OOrOBOPEHHS

Haii6inpm ingopmauiiiHuM KaHajJoM Ui BIIpOBa-
IDKEHHST AUCTaHIliliHoro HaB4yaHHsI B Omecbkomy HMeny
€ iHTepHeT-niporpama Teams Microsoft. 3HauHO0O Iie-
peBarolo JaHoi MpOrpaMU € MOXKJIUBICTb OTBOCTOPOH-
HBOTO 3B’SI3Ky MiX CTYyJICHTAMU i BUKJIaAauyeM Y PeKUMi
peanbHoro 4acy. IlepeOyBaloum Ha CHIiJIbHiINE KOoHQpe-
peHIIii, CTYAeHT BOJHOYAC MOXe 30epiraTu BJIacHY aB-
TOHOMHICTh, BMHKAal041 a00 BUMMKAIOYU MiKpOo(OoH Ta
BiZeoKaMepy BiIIIOBiTHO IO 0OCTaBMH. 3HAYHO IiIBU-
IIIy€ MOTUBAIIIIO CTYJICHTIB Ta TMMO3UTUBHO BIJIMBAE Ha
mpollec HaBYaHHs (YHKIiS YaTy, e MOXHA HaJACUJIaTh
TEKCTOBi MOBiTOMJEHHS, AMUTUCS (paiilaMu, a TaKOX
OMIlisl Ie€MOHCTpallili eKpaHa, Je BUKJIagad Ma€ 3MOTYy
HaJaTy JJs1 CIiJILHOTO Teperyisiay Ta MOsICHEHHS! Ha-
BUaJIbHi ¢oTo- abo Bimeomarepianu. CrijJiKyBaHHS BU-
KJIagaJda 3i CTYOIeHTOM Ma€ MiKOoCOOUMCTiCHe 0OMeXeH-
Hsl Ta OoTlocepenKOBaHUI xapakTep, TOOTO mepenayda ta
KOHTPOJIb 3HAHb BilOYBAIOTHCS IIIXOM KOHCYIbTAIIild.
Taxka B3aemMofis MixX BUKJIagauyeM Ta CTyAeHTOM J03BO-
Jisle MaKCUMaJbHO KOPUTYBATH IPOIEC CAMOCTiHHOTO
HaBYaHHS Ta aKTUBi3yBaTU TBOPYi 3Mi0OHOCTi CTyIeHTA.
Takum yrMHOM, 32 paXyHOK HasIBHOCTi B yMOBax KapaH-
TUHY po3po0jeHuX Ha Kadenpi BimeomaTtepiaiiB s
MPOBEJACHHS JIEKIiil Ta MPaKTUUYHUX 3aHSTh 3AiHCHIO-
€TbCSI HaBUYaJIbHUI Mpouec. Ha caiiti kadenpu po3mi-

IIeHi MaTepiajy IJIsT CAMOCTIHOI ITiATOTOBKY CTYIECH-
TiB Y BUTJISIZII O3BYYEHUX MYJIbTUMEIIMHUX MTpe3eHTalliit
JICKIIi#, TeKCTiB KIIHIYHUX JIEKIifi, METOOMYHUX PO3-
po0OOK Ta TeCTOBMX 3aBOaHb, pO3POOJIEHUX CIiBPOOiT-
HUKaMu Kadenpu, mepeik 000B’I3KOBUX 3allMTaHb 3a
TEMOIO MPAaKTUUYHOrO 3aHATTS JJIsi CAMOKOHTPOJIIO Ta
nudepeHiioBaHOr o 3aliKy.

BBaxaemo, 1110 y pasi AucTaHIiiiHOT (DOpMU HaBYaH-
Hs1y BH3 ocHOBHI HanmpsiMKU onTUMi3allii HaBYaJlbHO-
ro Ipolecy NOBMHHI BiZoOpaxaTu Bci HAOIJIbII iCTOT-
Hi CTOPOHM TIiATrOTOBKM (paxiBusi-MeanKa, BUpaXKaTU
OCHOBHI HOTO SIKOCTi B KOHKPETHiil ¢opMi, Bigmosima-
TU Cy4aCHOMY PiBHIO PO3BUTKY HayKH, TOCTiifHO BIO-
CKOHAJTIOBATUCS 3aJIeXKHO Bil TEMIY PO3BUTKY OKPEMUX
Hayk, oOcsry HaKoIuueHoi iH¢opMallii Ta 3HaHb. 310-
OyBay BUIIOI MEAMYHOI OCBITU HABiTh B yMOBaX KapaH-
TUHY MOBUHEH MpalloBaTU 3a MOKJIUKAHHAM, JIOOUTH
cBOMO mpodecito, OyTH iHIiLIaTUBHUM Ta CYMJIIHHUM Yy
HaKOMMWYyBaHHiI MenuW4YHOl iH(opMallii Ta 3MaTHUM 10
BUXOBAHHSI BMiHHSI HaBYaTUCSI CAMOCTIiiHO, a TaKoX
MaTHU BUCOKY MOPAJbHICTh. 3a3HaueHi SIKOCTi (paxiB-
151 MiJISATal0Th BUXOBAHHIO Y CTYNEHTA MPOTATOM Ha-
BYAaHHS B YHIBEPCHUTETI BCiMa JOCTYITHUMHU CIIOCOOaMM,
He3BaXkarouu Ha ¢popMy HaBYaHHS. 3allOpyKoio edek-
TUBHOCTI AUCTaHLiHOI OpMMU HaBUaHHS € CYKYITHICTh
TEOPEeTUYHOI, MPAKTUUYHOI Ta CAMOCTiiiHOI pOoOOTHU CTY-
JIEHTIB.

3arajbHa MeTa OCHOBHUX HaNpsSMKiB Yy IiATrOTOBI
3000yBaviB BUILOI OCBITM y cdepi OXOPOHU 3I0pPOB’S
BKJIIOYAE eTarnu i crocobu ii peamizauii. Ha mepmomy
erari 3HallOMCTBO CTY/IEHTa 3 OCHOBaMU TPaBMAaTOJIOTi1
Ta opTornenii mounHaeThes 3 111 Kypcy min yac BUBYeHHS
3arajpbHOI Xipyprii. Jani, Ha V Kypci HacTae eTarr OibI
TJIMOOKOTO 1 ITOCJiIOBHOIO BMBUEHHSI, BUHUKAE HEOO-
XigHiCTb BUKJIMKATHU y CTyAEHTA iHTepeC A0 AMCIUILIIH,
nmotpebda mokazaTh OCOOIMBE iX 3HAUYEHHS AJIsI OXOPOHU
3710pOB’s1 B MUpHUI i BoeHHMI yac. I1lo cTocyeThes cro-
co0iB peasizalii eTaniB MiArotoBkKu ¢axiBliB, TO BOHU
YUCJIEHHI: JIEKIil, MpaKTUYHi 3aHSITTS, Cy4acHi 3aco0u
HaJaHHS TeMaTW4YHOI iHdopmallii Ta camocTiiiHa po6o-
Ta. 3 yciX mepepaxoBaHUX 3aX0IiB HallOiIbIIe 3HAUCHHS
Ma€ caMoOCTiliHa poOoTa cTyneHTa. JIlonuHa, sska HaBYM-
Jlacs 3100yBaTU 3HAHHS Y CTYAGHTCHKi poKu, Oyjae ro-
CTiliHO BOOCKOHAJIIOBAaTH iX y IIPOILIeCi CBOEI TPymOBOi
NiSITBHOCTI.

Ilicng mpoBeaeHOTro aHKETYBaHHS pe3yJbTaTh aHO-
HIMHOTO ONMTYBAaHHS PECIOHJEHTIB JIiKyBaJbHOTO
npodinto O6yau onpauboBaHi Ta MpoaHalizoBaHi. AHa-
JIi3 BiATTOBiAe i OMMUTAHUX CTYAEHTIB Y LIJIOMY IMEPEKOH-
nuBo (61,4 %) 3acBiguuB TIPO Hi€BICTb PO3POOIEHUX
METOAWYHUX CUCTEM Ta JOCTAaTHill piBeHb amarToBa-
HOCTi iX 10 yMOB 3aouHoro HaBuyaHHs. Cepen mepeBar
IUCTAaHUIHOT GOPMHU CTYASHTH BiIMITHIN TOIATKOBUN
CTUMYJ IO caMoopraHizallii Ta BMCOKY MOTHUBAIil0 y
3100yTTi 3HaHb (37,9 %), siKa € HEOOXiTHOI YMOBOIO
CTAaHOBJIEHHSI BHMCOKOKBali(hiKOBaHOIoO cCIieliaiicTa.
IlomiTHa YacTKa CTYIEHTIB KOHCTATy€ 30iJbIIEHHS
qacy, BilbHOTO Bin 3aHATh (12,6 %), 1110 J03BOJSIE Ha-
BUYUTHUCS Oiblile 1IiHYBAaTH CBilf yac Ta e(peKTUBHO HUM
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posnopsiaxarucs. JIviie HeBeJuMKa yacTka OMUTaHUX
(4,3 %) Bu3Hae y 3a04Hiil (hopMi HaBYAHHS MaTepiaib-
HY €eKOHOMil0 uepe3 BiICYTHICTh TPAHCIIOPTHUX BUTPAT
IUISI IpUOYTTS 00 KJAiHIYHOI 0a3u.

CxJaamHoIi TPy BUBYEHHI AUCUUIUIIHYM BUHUKAIOTh
y cTynaeHTiB (41,3 %) MeauuHux HakyabTeTiB y 3B SI3KY
3 HEJJOCTAaTHIMM 3HAHHSIMM aHATOMIl JIOJMHU, IKa BU-
Byanacsg HuMu Ha | Kypci. HemonikamMu auctaHuiiiHO1
dopmu HaBuaHHd (59,8 %) BOavyaoTh OpaK CIiIKYBaH-
HS 3 OMHOTPYMHUKAMU, BiICYTHICTh OCOOUCTOTO KOH-
TaKTy $IK 3 BUKJIagauyeM, TakK i 3 xBopuMu. CTygeHTH
MOTrJIUOII0I0Th TEOPETUYHI 3HAHHS 3 AUCUMILIIH Bif-
MOBIAHO 10 HaBYAJbHUX POOOUYUMX MpOrpaM, ajie BOHU
HEe MalTbh MOXJIUBOCTI HAOYTU MPAKTUYHUX HABUUOK
0e3mocepeaHbOTO0 OOCTEXXEHHS XBOPUX 3 KIIHIYHUMU
O3HaKaMM TPaBMU i 3aXBOPIOBAHHIMU OMOPHO-PYXO-
BOI CUCTEeMHU, 1110 A€ 3MOT'y NPOBOAUTU AUMEpPeHILiii-
Hy AiarHOCTUKY i BCTAHOBJIIOBATU KJIIHIYHUI 1iarHO3,
3rilHO 3 SIKUM HaJaaBaTHU Meplly JOMOMOTY Ta MpH-
3HaYaTH ONTHUMajbHE JIiKyBaHHd. Jlami, cepen Hemo-
nikiB 17,6 % pecnoOHOEHTIB BiA3HAYMJIN HAAMIipHICTb
HaBaHTaXEHHS Yy pa3i, KOJIMU caM 3m00yBay OCBiTH He
Ma€ JOCTaTHbO PO3BMHEHUX HABUUYOK CaMOCTIHHOI
poboTu Ta oMy Opakye 3HaHb 3 MEAMYHOI TepMi-
HoJIOoTii.

Ha cyyacHoMy eTami po3BUTKY BUIIOI MeIMYHOIL
OCBIiTM HaBiTh 32 YMOB OYHOI1 (POpMM HaBUYAHHS HE 3a-
BX/M Ha KJiHIYHUX 0a3ax Kadeapu € MOXJIUBICTb MO-
Ka3aTyu i BimmpalloBaTW II€BHi MpakTU4YHiI HaBUYKWU,
IO € aKTyaJbHUM y HaBUajJbHOMY Iipolleci. Lle oOy-
MOBJICHO TUM, IO B JESIKWX BUIIaJKaxX CTYAEHTU HeE
MaioTh MOXJIMBOCTI 3 TOYKHM 30py ASOHTOJOTII BHO-
CKOHAJI0BAaTW MpaKTUYHI HaBUYKU Ta BiArnpaintoBaTh
oKpeMi MenuuHi MaHinmynauii. Jasg BupimieHHsS 1iel
npobyseMu ONTUMAaJIbHUM € opradisaiisg Ha 6a3i BH3
LEHTPIiB CUMYJSILINHOI MEIULIMHU 3 CYBOPUM JOTPU-
MaHHSIM TIPOTUENiAeMiYHUX MpaBui. BigmosimHo no
MOCTiIHO 3pocTalounx BUMOT BcecBiTHLOI opraHizaiii
OXOPOHMU 3I0POB’s, IO Mpex IBISIOTHCS IO PiBHS M-
TOTOBKM MEIWYHUX KaJApPiB, TAaKUI LEHTP O3BOJISIE 3a
JMOTIOMOTOI0 CYYaCHUX CUMYJISITOPiB BAOCKOHATIOBATHU
NpakKTU4YHI HAaBUYKK y 3M00yBadiB BUIIOI OCBITU IIJISI-
XOM BHKOPHMCTAHHSI iHHOBALiMHUX CHUCTEM Yy IIpOLECi
HaBYaHHS, BiIIIOBiAHO A0 CBiTOBMUX CTaHIAPTiB.

He MeHII BaxJMBUM B OBOJIOJiHHI CreliaJbHICTIO
€ TAKOX KJIiHiYHe MUCJIEHHs, sIKe IMToYruHae ¢popMyBa-
TUCS, KOJIU CTYAEHT MPUCTYNAE 10 BUBYEHHS KIIiHIY-
HUX OUCHMIIIiIH, i MOIJIMOJeHHS Ta BIOCKOHAJEHHS
SIKOTO TPUBAE N0 3aKiHUYEHHs ioro mpodeciitHol mi-
sIIbHOCTI. [l pO3BUTKY KJiHIYHOTO MUCJIEHHS He-
OlliHEHHE 3HaYeHHs Ma€e poboTa Oijisl JiXKa XBOPOTro,
y4acTh B 00Xxomax i KIiHiYHUX KadeapalbHUX pPo300-
pax XBOpMX, IO BKpail oOMexXye came cUTyallis, siKa
ckaanacs yepe3 COVID-19. BunsaTkoBe 3HaUYCHHS A5
¢opMyBaHHS KJIiHIYHOTO MMCJIEHHS TaKOX Ma€e Hay-
KoBa po0oTa, 10JyYyaTu 10 SIKOI CJIiJ SIKOMOra paHilie,
MOYMHAIOYM 3 y4yacTi y CTYNJEHTCbKUX HAYKOBUX TypT-
kax. Peamizalliss HayKoBO-10CJiAHOI pOOOTH B yMOBax
naHaeMii 3HauHO oOMexkeHa Ta, 0e3yMOBHO, 3aJ€XUTh

BiJl 0COOMCTOCTI BUKJIagaya, Moro npodeciiHux sikoc-
Teli i BMiHHSI HalaTU CTYJACHTY MOXJIMBICTh 3aiiMaTUCS
HayKol0.

BUCHOBKMU

1. 3HayHa YacTMHA OIMTAHUX CTYAEHTIB YCBiIOMIIIOE
eIiIeMioIOTIYHY CHUTYyalIil0 Ta ITO3UTUBHO OIIIHIOE 3a Oa-
raTbMa SIKiCHUMU CKJIaJOBMMU OpraHi3alliio i 3a0e3ImedeH-
HSl IMCTAHLIITHOTO HaBYaJbHO-METOJIMYHOTO HABYAHHS B
yMOBaxX KapaHTHHY, IO JO03BOJISIE 30€perTu 340pOB’sS Ta
XKUTTS Cy0’€KTIB OCBITHBOTO MPOIIECY.

2. JIucraHuiiiHa hpopMa HaBYaHHS OTpMMAajia CXBajlb-
HY OILIiHKY, OKpeMi 3100yBayi BUIIOI OCBITH i3 BASYHICTIO
BiI3HAYWJIM TATPUMKY CBOIX BUKJIAIadiB IIOAO HOBUX
MOXJIMBOCTEI OIaHyBaHHs crelianbHicTio. [lesika yac-
THHA PECIOHACHTIB CBiOMO TOKJIajia BilMOBidaIbHICTh
3a TPYOHOII MUCTAHIIIMHOTO HaBYaHHs Ha cebe, BKa-
3aBIIIM HA OCOOMCTE HEOCKOHAJE MparHeHHs Y 3000y TTi
3HAHb Ta IOCSITHEHHI pe3yJbTaTiB BIAacHOI IIpodeciiiHol
ITiITOTOBKMU.

3. IIpomno3uliii 1m0a0 onTUMi3allii IMCTAaHLIHOIO Ha-
BUaHHs OyJIM MOB’s13aHi 31 CKOPOUEHHSIM 00CSITY HaBaHTa-
JKEHb Ta MiIBULIEHHSIM POJli BUKJIalaya y Mpoueci HaBYaH-
He. KinbKicHU# po3smonin oTpuMaHux Bignosiaeit (36,8 %)
CBITYUTH MPO HEOOXiAHICTh YTOCKOHAIIEHHSI BXXE iCHYIOUMX
CIOCO0iB Ta TOCTIHHOTO TOIIYKY iHHOBaLiiHUX (opm
po0oTH 3i CTyAeHTAaMM JIJIs BUKJIaJlaHHS HaBYaJIbHUX JUC-
LIUILUTIH Ha Kadeapi TpaBMAaTOoJIOTii Ta OPTOIenii B yMOBax
MmaHaeMil.

Konduikr inTepeciB. ABTop 3asiBjsie MPO BiICYTHICTh
KOHQJIIKTY iHTepeciB Ta BjacHOi (hiHAHCOBOI 3alliKaBJie-
HOCTI M/l Yyac MiArOTOBKHU A0 IPYKY NaHOI CTaTTi.
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Distance learning process in the context of a pandemic

Abstract. In the context of a pandemic, it is extremely important
to know and understand the point of view of students on the issues
of the distance learning process, the problems they face, and take
into account their suggestions for improving the quality of educa-
tional services. The study was aimed at analyzing the anonymous
survey of applicants for higher education and studying the objec-
tive attitude of the subjects of education to the ways of optimi-
zing distance learning and adapting it in a pandemic. Materials and
methods. At the Department of Traumatology and Orthopedics, a
randomized study was conducted among the fifth-year students
of Medical faculties. Eighty-five students took part in the survey.
The questionnaire contained questions on the subject of discussion
about the effectiveness of distance learning during quarantine, re-
lated to the level and organization of distance learning at home,
the presence of peculiar advantages and disadvantages, difficulties
arising in the process of studying disciplines, and suggestions for
improving distance learning. Results. After the survey, the analy-
sis of the responses of the interviewed students showed, among the
advantages of the distance form, an additional incentive to self-or-

ganization and high motivation in obtaining knowledge (37.9 %),
an increase in free time from classes (12.6 %) and material savings
(4.3 %) in the case of transportation costs for arriving at the clinical
base. Difficulties in studying disciplines among students (41.3 %)
were associated with insufficient knowledge of human anatomy.
Among the disadvantages of distance learning (59.8 %), respon-
dents consider the lack of communication with classmates, the lack
of direct contact with patients, and excessive workload (17.6 %).
Conclusions. The need for distance learning received an approving
assessment. Some of the respondents deliberately blamed them-
selves for the difficulties of distance learning, pointing out the
imperfection of the desire to gain knowledge, and personal results
of their professional training. The quantitative distribution of the
responses received (36.8 %) indicates the need to improve existing
methods and constantly search for innovative forms of work with
students to teach academic disciplines at the Department of Trau-
matology and Orthopedics in a pandemic.

Keywords: distance learning; quality of education; questionnaire;
pandemic

Tom 23, N2 1, 2022

www.mif-ua.com, http://trauma.zaslavsky.com.ua 75



Mam’aTtb

Memory TpaBMa

MiLoB 3 XXUTTa
npodecop BacnuAab AHTOHOBUM [onNoB

3 ciyHsa 2022 poky NiLWOB 3 XUTTHA KOAWLLHIA 3aBigyBay kadeanpw optoneaii i TpaBmaTto-
norii Ne 2, nekaH xipypridHoro ¢pakynsrety (1992-2005) HauioHanbHOI MeANYHOT akaaemii
nicnagmnaomMHoi ocsity imeHi N.J1. LLynuka, 3acnyxeHun nikap YkpaiHu, OOKTOpP Meany-
HUX HayK, Nnpodecop NMNonos Bacunb AHTOHOBUY.

CnispobiTHukn HZI TpaBmatonorii Ta oprtonegii JoHHMY, kadenpu TpaBmatonorii,
optoneaii Ta XEC JoHHMY Ta pegakuis xxypHany «Tpasma» BUCNOBIOOTb CMIBYYTTS Pif-
HUM Ta OPYy39M, KoJieram Ta y4Ham Bacunsa AHTOHOBMYA Ta Ha3aBXay 30epexyTb Nam’aTb
npo Hboro. CeiTna nomy nam’saite! |
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