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KicTkoBa TKaHMHA Mae 3JATHICTH pearyBaTH Ha PisHI eK3oreHHi (harkTOpuU
HABKOJIUIITHLOTO CEPEeIOBUIIA, PEryJIoe MiHepalbHUII 00OMiH Ta miATpHUMYy€E
romMeocTas opraHismy.

fAx Bimomo, KicTKa MeTa0OJ[iUHO aKTHUBHA YIIPOAOBK YCHOTO MKUTTA. Y Hiit
IMOCTifiHO BiZOyBaIOTHLCS ABA PiBHOCIPAMOBAHI IPOIlECH — YTBOPEHHSA HOBOI
KiCTKOBOI TKaHMHHN OCTe00JIacTaMMu Ta Pe3opOIlis cTapoi OCTEOKJaCTaMIH.
MinepanbHa Maca KiCTKOBOI TKaHWHHU 3aJIeKUTh Bif OajlaHCy MisK piBHeM
pesopbIrii Ta hopMyBaHHSAM KiCTKM, a TaKOK BiJf KiJIBKOCTI aKTUBHUX i-
JSTHOK pemojetoBaHHA [8].

KicTkoBa TKaHmMHA TaKOXK Bimirpae KJIIOUOBY POJIb Y CKJAIHIiN cucTe-
Mi MexaHi3MiB peryidilii romeocrasy eJeKTPOJIiTiB, 30KpeMa, KaJbIilo Ta
(boccpopy Boaus BiOparii moske sminmoBaTu OyZOBY Ta cpyH}cuiOHaannﬁ
craH KicTku. Ileil CTPecOBU YNHHUK IPUSBOAUTH 10 nucbasaHCcy i0HHOTO
CKJIazy pmnH opraH13my, II[0 CBOEIO Y€Proio MOPYIIY€E TPAHCIIOPT eJeKTPO-
JiTiB Ta ix 00MiH MiK IO3aKJITHHHUM CEPEeIOBUINEM i KJIITHHAMU opra-
mismy [12, 19, 24].

CyuacHi 1abopaTopHi MeTOIU MOCTiIKeHHs TAI0Th 3MOT'Y KOHTPOJIOBATH
BHAUHY KiJbKicTh OioXiMiuHMX Ta iMyHOJOTiUHMX ITapaMeTpiB KiCTKOBOTO
MeTabosisaMy B OiosoriuHmMX pigmHAaX.

o ocHOBHUX Bl,Z[HOCHTI) BU3HAYEHHS PiBHA KaJII)I_II/ITOHlHy, mapaTupeoin-
HOT'0 TOPMOHY, BMiCTy MaKpOeJIeMeHTiB — KaJbI[ifo Ta ¢Gocdopy, OCTEOKAahb-
nuny, Procolagen type I N-terminal propeptide, Cros-lined telopeptide I
type collagen rta im. [5, 11, 31, 34]. IIpoTe cTaHmapTOM BU3HAUYEHHS MiHe-
PaJIbHOI IMIJIBHOCTI KiCTKOBOI TKAHMHU € JBOBUMipHA PEHTTeHiBChKA IEHCH-
TOMETPisf IMOIIePeKOBUX XpPeOIliB Ta IMWIKM CTerHOBOI KicTku [16, 33, 34].

Cran i peMomeai0OBaHHA KiCTKOBOI TKaHMHUW — AUHAMIUHUU IIpoIiec,
AKUN 3aJe’KUTh Bifg 6ararbox YMHHUKIB, TaKUX, AK BiK, CTaTh, XapakKTep
XapuyBaHHA, HAIBHICTh XPOHIUYHNX 3aXBOPIOBAHb 1 MOPYIIIEHh MeTa00Ii3My
2, 4, 6, 23, 24, 29].

PangomizoBani OaraToieHTpPOBi mOCHig:KeHHsI, mpoBedeHi B €Bpomi Ta
CIITA, mpomeMOHCTPYBAaJIN, III0 B My0ePTATHOMY Ta IOCTIyOepTaTHOMY IIe-
piomi KicTKoBa Maca aKTUBHO 30iJbINTyETHCS, JOCATAIOUN MAKCUMYMYy B ce-
penabomy mo 25—30 poxkis. Iani macrae mepiox piBHoBaru. dDisiosoriune
3MEHINeHHS KiCTKOBOI Macu PO3IOUYMHAETHCS IIPUOJIMU3HO 3 35-PiUHOro BiKy
i pisko spocrae y mepmri 5—10 pokiB micasa HacTaHHA MeHONAy3u B KiHOK,
mocsaraoun 2—3 % Ha pik. Y 40JI0BiKiB cepegHbOpiuHa BTpaTa KiCTKOBOI
TkauuEn cranosuthk 0,3-0,4 % . I3 65—70 pokiB TeMIu BTpaTh KiCTKOBOIL
TKAHUHU SHIKYIOTECA 1 (pikcyrorbesa Ha pisui 0,2-0,3 % Ha pik mi1s 060x
crareit [10, 24].

Hucbamanc KiCTKOBOTO pPeMOAEeJIOBAHHSA HPU3BOAUTH OO0 (hopMyBaHHSA
ocTeolleHii i ocTeomopody — CHCTEMHOTO ab0 JOKAJBLHOTO 3aXBOPIOBAHHS
CKeJIeTa, II[0 XapaKTepu3yeThCA 3HMMKEHHIM MiHepaJbHOI Macu i MiKpOIIo-
PYIIIEHHAMHN apXiTeKTOHIKM KiCTKOBOI TKaHMHU. SIK HACIiZOK, HigABUIIY-
€ThCA KPUXKICTh KiCcTOK i3 momanpIIuM pusmKoM A0 mepeaomis [9, 27, 29].

B VkpaiHi ocTeomopos ABJsgE co00I0 CePHO3HY MEAUKO-COIliaJbHy IIPO-
6ieMy, 3 OTJIAAY HA BUCOKY UYACTOTY BUABJEHHSA HOro He TIIBKU cepen
JiTHIX Jrofeli, ajie i cepen ocib mpale3gaTHOrO BiKy. PU3uWK BUHUKHEHHS
ImepeoMiB Ha TJIi OCTEOIIOPO3y MAlOTh npn61m3Ho 4,7 muH ocio (10,7 %
HaceJIeHHS) [7] HomI/IpechL OCTEOIIeHiYHOTO CHH/[POMY Ta OCTEOIIOPO3Y
cepen 40JiOBiKiB Bikom 50-—85 pomB yTpuUi HMKYa, HiK y KiHOK, i cra-
HOBUTH mpubausuo 6 i 21 % simgmosigwmo [7, 13, 14, 15].

Tary curyallito moB’sa3yIOTh i3 pisHUMU (hpaKTOpaMuU PUBUKY, CIIOCOOOM
JKUTTSA, 0OCOOJIUBOCTAMU XapUyBaHHS, PIBHUMU 3aXBOPIOBAHHAMU, BXKUBAaH-
HAM JeAKUX JiKapCchbKUX MIpemapaTriB Ta yMoBaMU TPYAOBOI AiAJIBHOCTI.

OCTeonopo3 IIBUJKO PO3BUBAETHCA B yMOBAX BHp06H1/1qo'1' ,u;imILHoc'ri
Ta € Bl,unom,a,u}o Ha cTpecoBuii axkTop (BiOpamisa, mrym, rimokimesis Ta
iHmi HeraTWBHI BUPOOHUYL T{I/IHHI/IRI/I) [10]. AganTamia opraH13My mo il
X eKCTPeMaJbHIUX (PaKTOpPiB mOB’sA3aHA 3 IMepedya0BOI0 MifAJIBLHOCTI fioro
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peryagaimiinux cucrem, 1o HaOyBae dopmu maTo@isiosloTiuHMX peaxirii.
IIpoTe maToreHes PO3BUTKY OCTEOIOPO3Y 3a TAKUX YMOB BUBUEHUU HEMIO-
craTtHbO [4].

IIpo akTyanbHicTh mpobsemu cBiguaTh i maHi BcecBiTHBOI opranisa-
11ii oxopouu 3mopoB’s (BOO3) 11010 HECIPUATINBUX MEAUKO-COIliadbHUX
HACJNiAKiB, MOB’ABaHMX i3 BIJIMBOM INKiAgImBuUX mnpodeciiiHux daxTopis,
y Tomy umcii BiOpamii. 3a mammmum BOO3 40-50 % HaceleHHS ILJIaHETH
3a3Ha€ PUBUKY IJIs 340POB’s, 3B A3aHOr0 3 BILINBOM (hisMUHMX, XiMiUHMX,
biosoriuHMX, ICUXIUHNX, eKOHOMIUHHNX Ta iHIINX HECIPUATJIUBUX UNHHU-
KiB. ¥ BCbOMY CBiTi ITOPiuHO 3pocTae KiJbKicTh BUIIAAKIB IpodeciiiHmx
3aXBOPIOBAHb, CIPUYMHEHUX BILJIMBOM BHUPOOHMUYOI BiOpallii ma opramism
aoguau [BOO3, 2002-2006].

B Vkpaiui mopiuno peectpyerhbcsa 06Jm3bKO 6 THC. HOBUX BHUHOANKIiB
mpodeciiHNX 3aXBOPIOBaHb, i3 AKUX 6—8 % mpumazae Ha BiOpalliiny xBo-
poby [1, 5, 6, 7]. ¥V JIbBiBCcBKiil obsacTi 1meil mokasHuk cranosuthb 1,2 %,
B JloHenbKilt obaacti — moumax 10 % [6, T].

PosBuTox BibGpariiiHoi XxBOpoOU PO3TISAAAETHCSA 3 MO3UIINA MOPYIITEeHHA
agamrarmii opraHismMy [0 3MiH HaBKOJHIIIHBOTO cepemoBuiia [26, 27, 28].
HoBemeno, mio BiOpamiiiHuii moApasHUK, AKHUN € CHUJABHUM XPOHIUHUM
CTPEecoOpoM, CIIPUYMHIOE CKJIAAHI Herpope(dIeKTOPHI Ta HeHporyMopaJbHi
mopyireHusa. XapakTepHUM € TaKOXK PO3BUTOK CUHIPOMIB ypasKeHHs cepiie-
BO-CYIVHHOI, IIeHTPaJbHOI Ta nepudepiiinoi HepBOBOI cucTeM, OIIOPHO-PY-
XOBOI'O Ta BECTHUOYJIAPHOTO alapary, a TaKOoMK MaToJorii iHimmx opraHis i
cucrem [3, 4, 9, 17, 18].

Y 90-x poxax MHHYJIOTO CTOJITTA ileHTH(iKOBaHO PEYOBUHMU, IO € OC-
HOBHUMM MeJiaTopaMmu KiCTKOBOTO peMojeJsiloBaHHsA. /[0 HUX HaJeXaThb
aKTUBATOP pelenTopa HykKJeapHoro (axrtopa kamma-B giramag (RANKL),
aKTHUBAaTOP PeIenTopa IUTOKiHOBOI cucTeMu HyKJeapHOro akTopa (RANK)
ta ocreomnporerepu (OPG). Ili memiaTopu Hale:KaThb OO0 POAUHU (PaKTO-
pa Hekpody nyxauH. Ila iMyHonorqua cucTeMa Bifirpae KJIOYOBY POJIb
y JmcpepeHulauu Ta BUJKUBAHHI OCTEOKJIACTiB i ocTeo0sacTiB, IO CIIpusAe
IIOCTIHHOMY TIPOIlECY PeMOJeJIOBaHHS KicTKu [28, 33, 35]

POBBI/ITOK Bl6pau1nH01 XBOpO6I/I Ta 0CTEOIIOPOBY € CILIbHI MaTOreHeTUYHi
O3HaKWU, IIOB’A3aHi 3 aKTUBAIli€I0 iMyHiTeTY, rinepupoAyKIlieo Ipo3anab-
HUX 1 HEJOCTATHIM CHHTE30M IPOTH3aNalbHUX IHUTOKiHIB, nucbaIaHCcoOM
y cuctemi RANKL/RANK/OPG, 1110 CBO€I0 Ueproio MPU3BOAUTHL A0 aKTH-
BaIlil OCTEOKJIACTOTEHEe3y Ta MigBUIIeHHA pe3opoiii kictku [13, 19, 20, 24,
25]. MikporpaBmaTusaliia TKaHWH, ZUCTPODIiUHI Ta AereHepaTUBHI mporecu
MOJKYTH 3MiHIOBATU CTPYKTYPY KJITHH KiCTKOBOI TKAHWHMW, HANAIOUU iM
aHTUTEeHHUX BjacTuBocTei. OgHAK HeMae JOCTATHLO JaHUX IMOA0 OCTATOU-
HOT'O BMCHOBKY PO BILJIMB iMYHHOI CHMCTeMH Ha IaTOTeHe3 OCTEONeHiuHOTo
CUHIPOMY Ta ocTeomopody. Hacrto 1mi maui cymepeunusi [25, 28, 32].

Y martoreumesi BiOpaiiiiHoi XBOpoOM aKTHMBHO BUBYAIOTHCS IPOIECU IIO-
pyIIeHHA oOMiHYy MaKpo- i MiKpoejgeMeHTIB y KJITMHAX Ta B MO3aKJiTHUH-
HoMy cepemoBuiiii. [IpobyieMy IOPYIeHHS eJIeMeHTHOro O0OMiHy B opraxismi
JIIOOUHU I Aielo PiBHUX eK30TeHHUX YMHHUKIB BUCYHYTO K ONHY 3 Hali-
MIEePCIeKTUBHIININX ITpOrpaM HAIiOHAJbHOTO iIHCTUTYTY OXOPOHU 3IO0POB’ S
CIIA (New York, 2000).

IIpoBemeHo HUBKY IOCHiMKEeHDb, A€ OMHCAHO aHAOOJiUHHII BIOJUB HAa
KiCTKOBY TKaHUHY CepeIHbO- Ta BUCOKouacToTHOI BibGpamii (45—-90 TI'm)
i3 BiGpoanCRopeHHﬂM Hmxue 9,81 mc? (<1 G) [17-19, 24, 27]. Mix-
HapojHa opraHisanis 8 NUTaHb CTAHAAPTU3ALII (ISO) BupoBaguiia caHi-
TapHi HOpMHU BILTHUBY BiOparii #ma opramism giogumuu (ISO 5349-1, 2001)
[22]. HopmaTuBHUII JOKYMEHT BKJIIOUAE YAaCTOTHO-BAaroBy KPUBY, dAKa
HajJae HaMOiJbIlle 3HAUEHHS HU3bKOUACTOTHiIN BHMCOKOAMILIITYAHil BiOpa-
1ii (£ 16 I'im) Ta mabaraTo MeHIIe IJA CePeIHbO- Ta BUCOKOYACTOTHOI Bi-
Oopartii. Barosuii KoedillieHT € UMCIOBOIO IIOIPABKOIO 10 a0COJIOTHOTO UK
Jorapu(dmiuHoro 3HaueHHA KiHeMaTHUYHOTO MapaMeTpa, IIf0 BimoOpaskae



KniHiyHa gpizionozis ma bioximis 65

BiOpaIlifiHy 4yTJMBicThL opramiamy B Meskax uactoT 1/3 okraBu. Ilompwu
e, emigeMioJsioTiuHi Ta eKcIlepMMEHTAaJbHI JOCJiIKeHHSA, IPOBeIeHi B
€spomri ta CIIIA, cBiguaTh, IO PU3UK PO3BUTKY BiOpallifiHoi xBopobOu 3
OCTEONEHIUHUM CUHAPOMOM CIIOCTEpPiraeThCA IepeBaKHO y MIpPaIiBHUKIB,
AKi KOHTAKTYIOTh 3i cepefHbO- Ta BUCOKOUYACTOTHOIO BiOpatieio. JIokanbui
BiOparitini KomuBauHA 3 uacToToio 100—300 I'm Ta BiOpOIpPHCKOpPEHHAM
< 1 G, gki yacTo TPANJSIOTHCA B MPOMMCIIOBOCTi, CIIPUUYNHIOIOTHL CTPEC
I TKAaHUH OpPTraHi3sMy, BUKJUKAIOTh CYAUHHi, HEHPOCEHCOPHi, eJIeKTPO-
Jitai Ta imyHoJsoriuui mopymenua [20, 21, 23, 25, 35]. HacToTHO-Barosa
KpuBa BILIHBY BiOparlii ma opramism JIIOZWUHU, IITO 3ampolloHOBaHa Mixk-
HaApOAHOIO OpraHisarmieo 3 mmraHb cramgaprusarnii (ISO 5349-1, 2001),
IIpeAcTaBJIeHA HA PUCYHKY.
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YacToTHO-BaroBa KpuBa BILIUBY BibGparrii Ha oprauism Jsioguau (ISO 5349-1, 2001)

IIpoBegenuii oryan JiTepaTypu ga€ 3MOr'y 3pOOMTI BICHOBOK IIPO HEOO-
CTaTHE BUBUEHHSA BIJIMBY BiOpaIifiHMX KOJMBAHL Pi3HOI YaCTOTHU Ta aMII-
JiTyaM Ha IIPOIleCU PEMOJEeNIOBAaHHA KicTKoBOI TKanmHu. He BH3HaUeHO
TePMiHM BUHUKHEHHS 3MiH KiCTKOBOTO PEeMOJIeNIIOBAHHSA Y IIPAI[iBHUKIB, 1110
KOHTaKTYIOTEH i3 BiOpalitinum obmamzumanuam [1, 5, 6]. Oomanp maHux, Aki
BHUCBIiTJIIOIOTH CcTaTeBUN Ae3MOpP(isM y IOPYIIEeHHI pPeMOOe/IIOBaHHSI KiCTKU
i BIIIMBOM Pi3HMX CTpPecoBUX UMHHUKIB [16, 17, 30].

¥ camitapaux mopmax (ISO 5349-1, 2001) me BpaxoBaHUUA PU3UK YIII-
KOM)KeHHS TKAHWH ITiJ] BIJIMBOM BHMCOKOYACTOTHOI BiOparii, 1mo motpebye
MMOJAJIBIIIOTO IIeperjaAany. Bpaxkye maHux mjs OOrPYHTYBaHHSA MeXaHi3MiB
BILIMBY iMYHHOI CHCTEMU Ha IIATOT€HEe3 PO3BUTKY OCTEOIEeHiUHOT'O0 CUHIPO-
My IIiJ BOJMBOM BiOpallifimoro mogpasHuka. ToMy BasKJIMBUM acIIeKTOM
IJIS TOCTig)KeHb € BUBUEHHS MeXaHidMiB azamTaiii KicTKOBOI TKaHMHU
Ta OpraHisMy 3arajoM A0 BibpalifiHOro crpecopa 3 METOIO MOHO30JOTiu-
HOI miarHOCTHUKMN 0Ci0, CXHUJIBHUX A0 PO3BUTKY OCTEOIIEHIUHOTO CHHIPOMY
Ta OCTEOIIOPO3Y.
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Bone Remodeling under Various Vibration Parameters:
Current State of Problem
N. KOSTYSHYN, M. GZREGOTSKY
Danylo Halytskyi Lviv National Medical University

The article provides a literature overview on the impact of different frequencies and
amplitudes vibration on the body and also in bone. The ability of vibrating stimulus af-
fect on the physiological remodeling of bone, and the feasibility of using high-frequency
low amplitude vibrations in prevention of osteopenic syndrome and osteoporosis were
investigated. It was noted that osteopenic syndrome and osteoporosis developed rapidly
in terms of production activities.

Adapting to extreme factors action is associated with the restructuring of its regu-
latory system, which takes shape of pathophysiological responses. Tissue damage, dys-
trophic and degenerative processes may change the structure of bone cells, giving them
the antigenic properties. Bone tissue has a key role in the complex system of mechanisms
regulating homoeostasis of electrolytes, including calcium and phosphorus. Vibration can
change the structure and functional status of bone tissue. This stress factor leads to im-
balance of ionic composition of body fluids, which violates electrolyte transport between
the extracellular space and cells of the body. Modern laboratory methods allow control-
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ling a significant number of biochemical and immunological bone metabolism parameters.
The main aspects to consider are the following: level of calcitonin, parathyroid hormone,
macroelements (calcium and phosphorus) in biological fluids, osteocalcin in plasma, Pro-
colagen type I N-terminal propeptide, Cros-lined telopeptide I type collagen and others.

Development of vibration disease and osteoporosis have common pathogenetic features
associated with activation of the immune system, hyper production of pro-inflammatory
and insufficients of anti-inflammatory cytokines, imbalances in the RANKL/RANK/OPG-
system, which activates osteoclastogenesis and increases bone resorption.

International Organization for Standardization (ISO) introduced health standards,
normalizing effect on the human body vibration (ISO 5349-1, 2001). It includes fre-
quency-weighting curve which gives the highest value of low-frequency high-amplitude
local vibration (< 16 Hz) and much less for the medium and high frequency vibration.
Nevertheless, epidemiological and experimental studies conducted in Europe and the USA
indicated that the risk of vibration disease with osteopenic syndrome occurs mainly in
workers contacting with the medium and high-frequency vibration.

The scientific literature review suggests that there is not enough data about the
impact of vibration of the bone remodeling processes.

There is enough data to conduct the effect of the immune system in the pathogenesis
of osteopenic syndrome under vibration stimulus. And scierntists are aware of unproven
anabolic impact of high-frequency low amplitude vibrations on bone remodelling process.

These studies are topical as they give the ability to detect violations of bone remod-
eling in persons contacting with vibration and increase the effectiveness of early diagnosis
of osteopenic syndrome and osteoporosis.

Key words: vibration disease, bone remodeling, mineral metabolism.



