AHOTANIA
LImubens H.B. IlinBunienns epeKTUBHOCTI 3arO€HHS MOPOKHUHHUX KICTKOBUX
AepEeKTIB HIKHBOI IIEJeNH NUIIXOM 3aCTOCYBaHHS yAapHO-XBWJIBOBOI Teparii. —
Kpanigikaiiitna HaykoBa mparis Ha IIpaBax PyKOIHUCY.
Hucepramiss Ha 3700yTTS HAyKOBOTO CTYINEHS JAokTopa (imocodii 3a
cunemanbHicTiIO 221 — Cromaronorisi. — JIbBIBCHbKHHM HAIIOHAJIBHUN MEIMYHUN

yHiBepcuteT iMeHi Hanwna [Nanunbkoro MO3 Ykpainu, JIbsis, 2020.

VY nwuceprariii BUKJIaJeHO aHami3 ($axoBOi JITepaTypud OCTaHHIX POKIB, IO
BiIOOpaXkae JOCHIDKyBaHy TMpoOJieMy Ta TIOTJMOJIOE 3HAHHS TMPO  BIUIWB
€KCTpaKopHopaabHOi yaapHo-xBUiIboBoi1 Tepariii (EYXT) Ha 3y6o-1enentny cucremy.
Ha ocHoBI aHaiizy peHTreHOJIOTTYHUX Ta MOPQOJIOTIYHUX 3MIH B EKCIEPUMEHTI
BHBYEHO BIUIMB YyAapHO-XBWIbOBOI Tepamii (YXT) Ha 3aroeHHs micisonepariiiHux
nopokHUHHUX KicTkoBuX jAedektiB ([IKJ) wa wmwxkHii menem (HI), nHamano
MOPIBHSUIBHY XapaKTEPUCTUKY PI3HUM MpoTokoyaMm 3actocyBaHHs Y XT B 3aieKHOCTI
B1Jl KUTBKOCTI IMITYJIbCIB, IXHBO1 MOTY>KHOCTI, KPaTHOCTI CEAaHCIB Ta Marepiany, SIKUM
BUIIOBHEHO JiepekT. Takok JaHO KIHIYHY OIIHKY 3aCTOCYBaHHIO pajianbHoi EYXT y
JiKyBajgbHOMY Tipotieci micasionepaniianx [TK/] HIIT.

[Momyk miTepaTypHUX IKEpe 3A1HCHIOBABCS y CIEKTpOHHHMX Oa3zax PubMed,
Elsevier ta Google Scholar 3a xomGinartiero kmodoBux ciiB «bone defectsy, «bone
healing» Ta «EStim», «LIPUS», «ESWT», «PEMF», «LLLT» Ta iXx cuHOHIMIB
BIJIMOBIAHO, CEpeJl CHUCTEMAaTUYHUX OIJISAIIB, METa-aHaji3lB Ta OpHUTTHAIBHUX
TOCIIKEeHb, omyOmikoBanux y mepiog 3 2010 mo 2019 poxu. byno Bigiopano 96
nyOJTiKailiii, 1o BIAMOBIAAIM KPUTEPisIM BKIIIOUCHHS Ta BUKIIOYEHHs. Pe3ynbTaTn
onyOJIIKOBaHUX JOCHIIKEHb OyJI0 CHCTEeMAaTHU30BaHO Ta BHWKJIAJICHO Y BHUIJISII
JITepaTypHOTO OTJISATY.

VY excriepuMeHTi 0yJi0 3a/11HO 27 CTaTEeBO3PLINX KPOJIHMKIB BIKOM BiJ] 6 MICSIIIB
Ta Macoro 2,5+0,2 kr. [lignocniaaux TBapuH O0yJio cTpatidikoBaHO Ha 3 PiBHI TPYIIH:
ocHoBHa rpyna A — 3aroenss [TIKJ[ msxom ammikaniit EYXT 31 cTanoro BETUYHHOO
MaKCUMaJIbHOTO THUCKY Ha ¢poHTi XxBwii (N=18 nmedekriB); ocHOBHa Tpynma B —

3aroennst [IKJ[ msxom ammikamii EVYXT 31 3pocTraiouoio  BEIMYHHOIO



MaKCUMaJIbHOr0 THCKY Ha (poHTi xBwm (N=18 nedekri); koHTposbHA Tpymna C -
3aroennsa [IKJ] nume mig KpoB’sSHUM 3rycTKOM 0€3 3acTocyBaHHS (hi3MYHOT
crumysinii  (N=18 nedextiB). JlochmipkeHHS TPOBOIWIOCH 13 JIOTPUMAHHIM
IIPUHIIUITB 010€TUKH Y BIATIOBITHOCTI 3 MOJOKEHHAMH €BPOIEHChKOI KOHBEHITIT 111010
3aXUCTy XpeOETHUX TBAPHH, IKUX BUKOPHUCTOBYIOTh B €KCIIEPUMEHTAILHUX Ta 1HITUX
HaykoBux nusax (CtpacOypr, 1986p.), Aupexktusu Pagun €spornu 2010/63/EU, 3akony
Vkpainu Ne3447-1V «IIpo 3axucT TBapuH BIJ >KOPCTOKOIO TOBOJDKEHHS», IO
nigTBepakeHo [Iporokonaom NeS 3acigaHHs Komicii 3 MUTaHb €TUKH NP JIBBIBCHKOMY
HalllOHAJIbHOMY MeAu4YHOMY yHiBepcuteTi 1MeHi Jlanuna [amuipkoro Bijg
23.02.2017p.).

[Tlin ~ xOMOIHOBaHMM  3HEYYJIEHHSM  BHYTPIIIHHOPOTOBUM  JOCTYIIOM
oinarepansHo Ha HIL monemtoBanu [1K]] (3aramom 54) niamerpom 4MM Ta rIMOUHOIO
3MM B MEXax JIIHTBAJIBHOI Ta BECTUOYJSAPHOI KOPTUKAIBHHUX TUTACTHHOK. TBapwHH
JIBOX JIOCIIHUX TPYII TPUYi, 3 THKHEBUM 1HTEPBAJIOM M1k ITPOLIETyPaAMU, OTPUMYBAIH
EVXT mo 500 immyinbceiB yacToToro 5 I'1 Ta BEIMYMHOIO MakKCHMaJbHOTO THUCKY Ha
¢ponti xBumi 1,2 bap abo 13 301blIEHHM 11bOT0 Napametpy (Bia 1,2 bap no 1,6 bap)
Ha JIISHKY 3MOCNbOBaHUX Je(eKTiB 3 BUKOPUCTAHHSAM amapaty Storz Medical
Master Plus MP100 (Himewuuna). [ledexkTu y KOHTPOJI TOUIMCH MiJ KPOB’SHUM
3TYCTKOM.

Byro mpoBeieHo NpKUTTEBY KOHYCHO-TTPOMEHEBY KOMIT IOTEpHY TOMOTpadiro
(KIIKT) romoBu ycim TBapuHam Ha 2-ry, 15-1y, 45-1y, 90-Ty 1006y micas popmyBanHs
ITK/ 3a momomorotro amapaty PointNix Combi500 (ITiBnenna Kopes) i3 BBeaeHHIM
KICTKOBO €KBIBaJEHTHOTO (haHTOMa B TI0JIE CKaHyBaHHS. byno 3acTtocoBaHO
yHI1(p1KOBaH1 HAJIAIITYBaHHs: 00’ €M ckaHyBaHHA 9x12 cMm, BennunHa Bokcens 0,18 mwm.
Takoxk, B yciX cepisix CKaHyBaHb, BUKOPUCTOBYBAJIMCH OJMHAKOBI MOKa3HUKH POOOTH
pPEHTreHIBChKOi TpyOku, a came 7 MA Ta 62 kB, mo Oyno HEOoOXiIHUM IS
HIBEJIFOBAHHS MOJIMBAX ONTHUYHHX ITOXMOOK IUISI BU3HAUYEHHS IIIIBHOCTI KICTKOBOI
tkauuHu (LLIKT). PenmepuHr orpumaHuX CKaHIB 3IHCHIOBABCS Ha MiaTdopmi
nporpamu PointNix RealScan 2.0. BumiproBanns IIKT B ninsumi [TK/] nmpooauiock
3a OIIHKOIO OJMHUIIL Tpajalliii Ciporo Ta ONTUYHOI HIUTHHOCTI 13 KajalOpyBaHHAM

3Ha4Y€Hb BIJMOBIAHO JO BIAXWICHb PEHTTCHOJOTIYHOI UIIJILHOCTI (haHTOMa 3a



BUBEJICHUMHU JUcepTaHTOM dopMysamu. BusHauanu aGCoMOTHI 3HAYEHHS Ta MPUPICT
HIUTBHOCTI. J[71s1 Kpaiioi HaOYHOCTI MOPIBHIOBAJIMCH BIJCOTKOBI 3HAYEHHS MPHUPOCTY
BiJTHOCHO HOPMaJIbHOI PEHTT€HOJIOTIYHOI MIIJTIFHOCTI IHTAKTHOI KICTKOBOI TKAHMHU Ha
BIJIMOBIAHOMY PiBHI.

TBapun BuBOgWIM 3 exkcnepuMmeHty Ha 15, 45 ta 90 n00y, micia yoro
3aiiicHIOBamu OinatepanbHuit 3a0ip ¢parmenTiB kictku HII po3mipom 0,5x1x1,5¢cM,
aki ¢pikcyBamum y 10% nHelTpanbHoMy po3uuHi (popmaniny. Ilicias nexanbiuHari,
o0e3BoHEHHS, mapadiHizamii Ta MIKpOTOMYBAaHHS, OTpUMaHi 3pi3u (iKCyBaau Ha
peAMETHUX CKEBIIAX, AenapadinizyBaiu Ta 3a0apBIoBaIl reMaTOKCHIIIHOM bemepa
3 €03WHOM Ta TPUXPOMHO 3a MacoHOM.

MikpodoTorpadyBanHs TicToNpenapariB MpoBOAWIM TpU 30uUtbiieHHI 40X,
100x, 200x Ta 400x 3a mormomMoror cBiTioBoro Mikpockona mojeni MEIJI TECHNO
MT4300L (Smowis) i3 poTonacagkoro Canon EOS 550D (Smowist) Ta mporpaMHUM
3abe3neuennsM Darktable Bepcii 2.0.3. ['icromopdoMeTpuyHHii aHAi3 TIPOBOIMBCS HA
mnatdopmi nporpamu Imagel). BuzHauanu CoiBBIJHOIICHHS MUJION] MIKKJIITHUHHOTO
MaTpuKCy 1/a00 IMyXKOi CHOJY4YHOI TKaHWHU, KPOBOHOCHHUX CYJIMH, OCTEOily Ta
KICTKOBUX 0aJIoK.

[IpoBeneno perpocnekTUBHUN aHami3 1275 icTopiii XBOopoO MAall€HTIB, IO
3HAXOAWJINCh Ha CTalllOHAPHOMY JIIKYBaHHI y BIJJIUICHHI IIENEMHO-JIUIEBOI Xipyprii
KHIT JIOP «JIbBiBChbKa obOnacHa kiiHiuHa jikapas» (LLJIX JIOKJI) 3a mepiox 2012-
2016 p.p. Ho yBarum Opajiuch MJIaHOBI OmepauliiiHl BTpy4aHHs, SKi nependadanu
yTBOpeHHs michsionepamiitaux [IKJ[ a6o HasBHICTH TakuxX AEPEKTIB HA MOMEHT
3BepHeHHs. JledekTu rinku Ta kyta HII, a Takox nedextu, mo mManu CrioaydeHHs 13
MOPO’KHUHAMHU HOCA, BepXHboIenenHoro cunycy ta HII xanamy Oynu BUKITIOYEHI 3
JOCIIIKEHHS 1)1 3a0€31eYeHHS OJTHOP1THOCTI BUOIPKH.

BpaxoByBanuch nokamizaimis nedexty (Ha BEpXHIM 4YM HWXKHIN Iueneni, B
TUISHII  (PPOHTAIBHOI YW JUCTaIbHOI Tpymu 3y0iB), po3Mmipu nedexty (3rigHo
Konouncekoi kimacudikariii gedexTiB menenHux kictok, 2013), yactoTa 3acTocyBaHHs
KOHKPETHUX MartepiaiiB (OKpeMo A AePEeKTIB PI3HUX PO3MIpPIB), CKIIaJl MaTepiaiB,

1O BUKOPUCTOBYBAJINCH, 0COOJIMBOCTI MOKa3aHb JI0 1XHBOT'O 34CTOCYBaHHA.



Jns BuU3HAYeHHs KIIHIYHOI eekTuBHOCTI 3actocyBaHHs EVXT B aursHIl
nicisionepaiitaux [1IK/] 6ymo o6cTexxeno Ta nikoBaHO 24 MaIi€HTiB OCHOBHOI TPYyNU
(14 xinok Ta 10 gonoBikiB) BikoM Bix 21 1o 46 pokiB (Mmemiana 27,5 (25,25; 34,25)),
gkl nepedyBasin Ha JikyBaHH1 y BimauieHHi HIJIX JIOKJI 3 mpuBogy perenii ta
JAUCTOMIT TPETIX HUKHIX MOJIAPIB Ta iX yckiagHeHb. KoHTponpHY rpymy ckiamu 12
narieHTiB (6 )KIHOK Ta 6 4OJIOBIKIB) BIKOM Bif 23 10 35 poKiB (cepeHE 3HAUCHHS BIKY
27,2429 poKiB) 3 TAKUMH K HO30JIOT1SIMH.

OmnepariiitHi BTpy4YaHHS TPOBOAWINCH 32 MOJU(PIKOBAHOIO METOIHMKOIO S.
Asanami Ta Y. Kasazaki, mepen ymmBaHHAM yci Je(QEKTH BUIIOBHIOBAINCH
KOJIAareHOBOIO TyOKOI0, IMIIPETHOBAHOIO TiJPOKCHANIAaTUTOM Kanbllilo Ta OeTa-
TPUKAJBIINA PocdaToM. VY MicIHsonepamitHoMy Mepiol MallleHTH OCHOBHOI T'pyId
orpumyBanu kypc EVXT mo 500 immynsciB yactororo 5 ['11 Ta HapocrTaroudoro
BEJIMYMHOI0 MAaKCUMaJIbHOTO THCKY Ha (poHTi XxBwm Big 1,2 bap Ha nuIiHKY
3MOjIeJIbOBaHUX JAe(ekTiB 3 BHKOpHcTaHHSIM amapaty Storz Medical Master Plus
MP100 (Himeuuuna). Kypc BkitouaB y cede 3 BUIIIEONMCaH1 MTPOLIEAYPH 3 IHTEPBATIOM
I THxKIEHD.

KIIKT HI npoBoaunace micis 4-0i micisionepariinoi 106u, Ha 30-ty ta 90-Ty
no0y micis BUAAJCHHS TPETIX MOJSIPIB 3a aonoMororo amapary Vatech Green 16
(Vatech, ITiBnenna Kopest) i3 BBeIGHHSAM KICTKOBO €KBIBJICHTHOTO (DaHTOMA B IOJIC
ckanyBanHs. Ha ocuoBi KIIKT mpoBoaunack KiibKicHa (BU3HAYEHHSI TOBIIUHU Ta
BIJIHOCHOI 1uioni) Ta sikicHa (Bu3HaueHHs ontuyHoi IIIKT Ta xapaktep ricrorpam
IIKT) orminka perenepaTy B AUISTHKAX 3 KOMIIAKTU30BAHOIO Ta T'y0YacTOI0 OCHOBOIO.
Tako BU3HAYaIM PIBEHb BTPATH MAPTIHAIBHOI KICTKOBOI TKAHUHH.

OtpuMaHni pe3ynbTaTU JOCTIIKEHHS OyJM OmpaiboBaHI CIIOCOOOM OMHCOBOT
CTaTUCTHKH 3a jonoMoror mporpamu StatSoft Statistica 10 i3 3acrocyBaHHIM
IapaMeTPHYHOro KpuTepito Mana-YiTHi Ta koedinienra kopensuii [lipcona (x?) npu
noBipuOMy iHTepBali penpeseHTatuBHOCTI p<0,05. CepenHi 3HaUE€HHS IPUPOCTY OYJII0
MOJIaHO Y BIJICOTKAX 13 BKa3aHHIM CTaHIapTHOTO BiaxuieHHs (SD).

3’sicoBaHO, IO JJIsI IIUPOKOTO KIIIHIYHOTO 3aCTOCYBaHHS TaKUX METO/IIB
¢13M4HOTO BIUIMBY Ha MPOIECH OcCTeopemapaiii, sk eiaexkrpoctumydsiis, LIPUS-

Tepamisi, HU3bKOIHTEHCUBHA Jla3epoTepallis Ta MarHitorepamis HeoOXigHa Ouiblla



KUIBKICTh KOHTPOJBOBAHUX JOCHIIKEHb, OCKIJIbKM OIMMCAaH1 B JIITEpaTypl pe3yJbTaTH
KITHIYHUX CIIOCTEPEKEHb € CYNEpPeUJUBUMHU. TakoX CyTTEBUM HEAOIIKOM BHIIE
3raJJaHuX METOIIB € BEJIMKA KUTbKICTh CEaHCIB, HEOOX1THA JJIsl JOCSATHEHHS €(EKTY.
€IMHUM MOLIMPEHUM METOAOM (13UYHOTO BIUIMBY, PO €PEKTUBHICTH 3aCTOCYBAHHS
SKOTO CBITYUTH 3HAUHA KIJTbKICTh PI3HOTATY3€BUX AOCTIIKEHb, € EYXT.

3rigHo pe3ynbTaTiB ominku KIIKT Bcranosieno, mo ontuuna LIKT B minsHI
IIK]] 3miHIOBajach 3aJIe)KHO BiJ JAUISHKM BUMIPIOBAHHS Ta OOpPaHOTO METOIY
nikyBanHs. Ha 15-ty noOy cnocrepesxxenns mpupict LIIKT B rpymax A ta B 3nauymie
HE BIJPI3HIBCS MDK JUISHKaMH JOCHIDKCHHS, MpOoTe OyB BHUIIUM Yy TOPIBHSHHI 3
koHTpoteMm (p<0,05). Ha 45-ty o0y npupict KT OyB HalOLIBII BUpaXSHHUHN Y TPYIIi
B y mingnmi nua xictkoBoro nedexty (KJI) ta cranosus +77,3+17,2% (p<0,05). Ha
OpOTHUBAry, B IpyMi KOHTPOJIIO Ha 45-Ty 100y CIIOCTEPEKEHHS 3HAUYIIOI0 3pOCTaHHS
IIKT ne BigOymnock (p>0,05). Ha 90-ty 00y cmocrtepekeHHs y rpynax A Ta B
J0CTOBIpHE BU3HAUYeHHs Jiokanizaiii K/ He Oyi0 MOXIIUBUM Y 3B’SI3KY 3 BIJICYTHICTIO
Oynb-sikux KT-o3nak nmopymenns miticHocti HII y 75% BunagkiB criocTepekeHb.
PiBHOMIpHiCTB 3HaueHb onTuyHOI LI[KT Ha yciii mpoTsS»KHOCTI JOCHIKYBAHOI IUITHKA
K 1HTAKTHOI KICTKM, TaK 1 Micls monepenanbo icHyroudoro KJI, cBiauuTh mpo
«PEHTreHOJIOTIUHE» 3aro€HHd. HaToMicTh, y Tpyli KOHTPOJIIO MOKA3HUKH LIIJIBHOCTI
TKaHUH 3anuimanuch Heaminaumu (p<0,05).

B nawucepraiiii ommMcaHo TICTOJIOTIYHI 3MIHM KICTKOBOTO peEreHepary Ipu
3acrocyBaHHl EYXT sk 31 cTajgor BETWYMHOIO MaKCUMaJIbHOTO THCKY Ha (DpOHTI
XBWJII, TaK 1 31 3pocTardoro. BussieHo, 1o 3aroeHHs y rpymax A i B meperikano 6e3
dopMyBaHHS XOHIPOigHOI TKAHWHHW, 3 HE3HAYHO BHUPAKCHHM 3allajieHHSIM Ta
3aMIlIeHHSIM Je(EeKTIB 3pUIOI0 KICTKOBOIO TKAaHMHOK Ha OCTaHHbOMY TEpMIiHI
CIIOCTEPEKEHHS 3 TOIO PI3HUIIEIO, 110 Y 3pa3Kax rpynu B cnioctepiranock popmyBaHHS
KOPTUKAJIBHOI IJIACTUHKHU Y CyOrneplocTalibHIi TPETHUHI, KOJIM Ae(EeKTH B rpymi A Oyiu
3aMilleH1 JIuIIe TpaOeKyISIpHOIO KICTKOBOIO TKaHWHOI0. BogHouac, Ha 15-Ty, 45-Ty Ta
90-ty 10Oy K] y rpyIii KOHTPOJIIO 31€01IBIIOT0 OYJIM BUTIOBHEH1 HE3MIHEHOIO ITYXKOIO
CHOJIyYHOIO  TKAaHMHOK 13  PO3CIAHOI  KPYMVIOKJIITUHHOKW  JIM(OLUTAPHO-

MakpodaranpHO 1HOIIbTpaiicro. He3Baxkaroun Ha MOSABY MOOJUHOKUX JIPIOHUX



MaJIOMiHEpasi30BaHUX KICTKOBUX Oalok, 3MoJeiaboBaHi micisonepariini [IK/] B
rpymi KOHTPOJIIO HE MiASATalu CIIOHTAHHIN pernapartii.

Brepie onucano ricromopgoMeTpuyHi 3MiHU NpH 3aroeHH1 KJI B 3ayexHoCTI
Bl AUITHKHM JedexTy mpu BUOOpP1 BIAMIHHMX IPOTOKOJIB JIKyBaHHSA. B OCHOBHHX
rpynax A ta B y Bcix ninsakax micisonepaniinoro [1K/] cnocrepiranock moctynose
30UIBIIICHHS TUIONT KICTKOBOT TKAHWHHM 13 3MEHIIEHHSM ILIOII OCTeoiny. Y cepelHii
Ta Oa3ajibHIM TpeTHHAX IUIOINIA KICTKOBOI TKaHWHU y mepiof Bix 45 go 90 mobu
CIIOCTEPEKEHHS 3pOCiia HE3HAYHO, TOJII SIK MOCIIIOBHE 3MEHIIICHHS TUIOINI OCTEOIMy
Oyno cratuctuuno 3HauynmM (p<0,05). 3Hauymoi pi3HHII MK JUISTHKAMH
JOCITIKEHHS Ta YaCOM CITOCTEPEKECHHS JIJIS1 BITHOCHOT TUIOIII CYJIUH BCTAHOBJICHO HE
oyno (p>0,05). CriBBiHOIIIEHHS CTPYKTYpHUX ejeMeHTiB K/ B KOHTpOJbHIN TpyIi
3HAUyIle He BIAPI3HAJIOCS BIPOJOBXK YChOTO TEPIOy CIOCTEPEKEHHS 3
MepeBaKaHHSAM MyXKoi crorydHoi TkanuHH. Tkannan B AunstHIN [IK/ y TBapuH, mo
orpumyBanu arumkamii EYXT B miciasonepamiiiHoMy T1epioji, Ha pI3HUX
MOPIBHIOBAaHUX eTamnax Oyiau OUIbII 3pUIMMHM Ta TICTOJIOTIYHO CIOPIAHEHUMH 0
IHTAaKTHUX TKAHWH Yy MOPiBHIHHI 13 KoHTposieM (p<0,05).

PerpocniekTUBHO BCTaHOBIIEHO, 10 y mairieHTiB Bipauienns JIX JIOKJI y
niepion 3 2012 no 2016 poku y 2,5 pa3u 4acTille CroCTepiraiuch BUNAIKA YPaKECHHS
BepxHboi mmenenu (71,8%), Hixk HIKHBOI (28,2%). CTaTUCTUYHO 3HAYYIIOI PI3HUIIL
MDK JIOKami3aiiero ne(exTiB y AUISHKaX (POHTAIbHOI Ta JAMCTAIBHOI Tpyn 3yO0iB
BUsIBIIEHO He OyJo0 (55,8 BunaakiB Ha 100 3BepHens Ta 57,9 BunajakiB Ha 100 3BepHEHD
BianoBigHo, P<0,05). Haituacrime 3yctpivanuchk naedexktd Benukoro (>8 mm) Ta
cepeanboro (4-8 Mm) po3mipy 13 yactkorw 47,1% ta 41,1% BinnosiaHo. B Toit yac, gk
yacTka AeeKTiB Manoro po3Mipy (<4 mm) ctanosuina 11,8%.

BusBieno, mo He3anexHo Bia po3MmipiB KJI, cepea TakTUK 3amilieHHS
nicisonepauiitnux [1KJ[ mepeBaxxano 3aroeHHs mij KpoB SHUM 3rycTkoM. Yacrtorta
ayrMeHramii npu nedexrax manux po3MipiB craHoBuia 22%, cepemnHix — 37,7%,
BENUKUX - 46,8%. AHaI3yI0Ud MIPOTOKOJIM OIEepalifHUX BTpy4YaHb, BCTAHOBJIEHO, 10
3aCTOCOBYBAJIMCh HACTYMHI THUMIM MaTepiaiiB: 1) mpenapatu CUHTETUYHUX (ocdaTiB
KaJIbIIF0, IMIIPETHOBAaHUX HA KOJIAT€HI TBAPUHHOTO TMOXOJKEHHS; 2) KCEHOTCHHI

KICTKOBO-TIJIACTUYHI MaTepialid; 3) CHHTETUYH1 KICTKOBO-TIJITACTUYHUMHU MaTepiayiu; 4)



npenapaTtu 30aradyeHoro Tpomoouutamu GiOpuHy, OTpUMaHuM 3a TexHoJorisiMu PRF,
A-PRF Tta ixHi KOMOiHAII€I0 3 aBTOJIOTIYHOIO KICTKOBOIO CTPY)XKOIO, a TaKOX
KICTKOBO-TUIACTUYHUMHU ~ MaTepiaiaMu 13 BHUPAKEHUMH OCTCOKOHTYKTHBHUMH
BJIACTUBOCTSAMU; 5) aBTOKJIITUHHUN TpoMOonutapHuii koHreHtpar PRGF (mmasma
30araueHa (hakTopamH pocCTy), OTpuMaHuM 3a TexHosoriero PRGF-Endoret Ta fioro
MOETHAHHSAM 13 aBTOJIOTIYHOIO KICTKOIO Ta KCEHOT€HHUMH KICTKOBO-IIJIACTUYHUMHU
matepianamu. OmNucaHUX BUMNAAKIB BUKOPUCTAHHA (Di310TEparieBTUUHUX METO/IIB
CTUMYJIAIIT OCTEOTCHE3y BUSBIICHO HE OYJIO.

KiiHi4yHO BCTaHOBIJIEHO, 110 J0CTOBIpHO 3HayHuU (P<0,05) mpupicT TOBIIMHU
KICTKOBOTO pEreHepary CHOCTepiraBcsl B yCiX OUISTHKAaX BUMIPIOBAHHS B OCHOBHIM
rpymni namieHTiB 13 micnasoneparniitnumu [1KJ[. BogHouac, BUSIBIEHO CTaTHUCTUYHO
3HAUYIly PIZHUII0 MDK UMM JUISHKAMU BCEpPEIUHI TPyI: MpU MOPIBHAHHI
BHUPAXXEHOCTI PEMapaTUBHOTO OCTEOTeHE3y, 3aKOHOMIPHHUM € BCTAHOBJIEHE aBTOPOM
fioro nepeBaxkanHs B AusiHKax K/I 13 rybuacToro 0CHOBOIO, 1110 IEPBUHHO 3yMOBJIEHO
Kpaioro TpodiKow pereHepary Ta OUIbIIOK KUIBKICTIO BUCTUIIAIOUMX OCTEOOJIACTIB
Ha MOBEPXHAX KICTKOBUX Oanok. Yepes 3 micsaui micis BTpydanHs K/ KoHTpoabHOI
rpynu  Oyno BumoBHeHO Jmme Ha 60,16%, HaATOMICTh, B OCHOBHIM Trpymi
crioctepiranaock 3amimieHns 10 98,15% nedexry (p<0,05).

Beprukanbna peaykiiis craHoBmwia ao 1,6+1,0 MM B ycCiX IOCHIIKYBaHUX
BUNAKax He3ajaexkHo Bif rpymnu (p>0,05), npu 11b0My 03HAKH TOPU3OHTAIBHOT BTpaTH
MapriHaJIbHOI KICTKM OyJM BIACYTHI. TaKUM YMHOM BCTAHOBJIEHO BIACYTHICTb 3B’ SI3KY
M1 3aCTOCYBaHHSIM yJAapHUX XBHJIb T4 3MIHAMHU BUCOTH QJIbBEOJIIPHOTO TPEOCHS.

Bceranosineno, mo B ocHOBHIM rpyni npupict ontuyHoi KT 6yB noctoBipHO
oumpmmM, HiXK y KoHTpom (P<0,05). V marieHTiB OCHOBHOI I'pyIH CIOCTEpiransach
CTPYKTypPHA CIIOPIAHEHICTh PEreHepaTy J0 1HTAKTHOI KICTKOBOI TKAHWHH: B JiISHKAX
3 TyO4actoro ocHoBOKO y 91,7% mnepeBaxaB rereporennuii pererepar (p<0,05), a B
IUISTHKaX 3 KOMIIAKTU30BaHOIO OCHOBOIO CTPYKTypa pereHepary y 75% Oyina Ouibi
romoreHHoto (P<0,05). Ilpu boMy B KOHTPOJIBHIN TPy COCTEPIraBCS TOMOT€HHUIA
pereHepar 13 rpaJi€HTOM IIIILHOCTI, 10 3MEHIITYBajlach 10 CEpeANHU ACHEKTY.

Taxkum 9UHOM, 3T1THO OTPUMAHUX PE3YyJIbTATIB JOCIHIKEHb, TUCEPTAHTOM OYJII0

BCTAHOBJICHO, 1110 10JaTKOBE 3acTocyBaHHA EY XT B eKCIIepUMEHTI1 CIIpUsIE PECTUTYIIIT



K]l Ta 3Ha4HO CTHMYJIIO€ MpolecHu 3aroeHHs miciusgonepaniinux [IK]l y namieHTiB y

MOPIBHSIHHI 13 YCTAJIEHUMHU METOJaMH JIIKYBaHHS.

Kiaro4oBi cjioBa: HIDKHS 1iesena, yaapHO-XBUIIbOBA Teparis, Micisonepaliii
nedeKTH, KiCTKOBI Ie(heKTH, KICTKOBE 3arO€HHS, ICJICTTHO-JIUIICBA IUISTHKA, KOHYCHO-

IIpoMeHeBa KOMIT I0oTepHa ToMorpadis, MoppomeTpis.



ANNOTATION
Shtybel N.V. Improving the healing efficiency of cavitary bone defects on
mandible using shock wave therapy. — Qualified scientific work on the rights of the
manuscript.
Thesis for a doctor of Philosophy degree in specialty 221 — Dentistry. Danylo
Halytsky Lviv National Medical University Ministry of Health of Ukraine, Lviv, 2020.

The dissertation presents an analysis of the professional scientific literature of
recent years, which reflects the research problem and deepens the knowledge about the
Impact of extracorporeal shock wave therapy (ESWT) on the maxillofacial system.
Based on the analysis of radiological and morphological changes in the experiment, it
was studied the effect of shock wave therapy (ESWT) on the healing of postoperative
cavitary bone defects in the mandible and given a comparative description of different
protocols for the application of SWT depending on the number of pulses, their power,
the frequency of sessions and the material with which the defect is filled. Furthermore,
it was given clinical assessment of the use of radial ESWT in the treatment process of
postoperative cavitary bone defects (CBD) of the mandible.

Review research was performed in the PubMed, Elsevier, and Google Scholar
databases using a combination of key words ‘bone defects’ ‘bone healing’ and ‘EStim’,
‘LIPUS’, ‘ESWT’, ‘PEMF’, ‘LLLT’ and their synonyms respectively among
systematic reviews, meta-analyzes and original studies published between 2010 and
2019. Due to the inclusion and exclusion criteria 96 publications were selected. The
results of the published studies have been systematized and presented in the form of
proposed literature review.

The experiment involved 27 adult rabbits aged 6 months and weighing 2.5 0.2
kg. Animals were stratified as follows: group A - CBD healing under ESWT
applications with constant maximum wavefront pressure (n=18 defects); group B —
healing of CBD under ESWT applications with increasing maximum pressure (n=18
defects); group C — control: CBD healing under a blood clot only (n=18 defects). The
study was conducted in accordance with the principles of bioethics die to the provisions

of the European Convention for the Protection of Vertebrate Animals Used for



Experimental and Other Scientific Purposes (Strasbourg, 1986), Directive 2010/63 /
EU of the European Parliament and of the Council, Law of Ukraine No3447-1V
“Protection of animals from cruel treatment”, which is confirmed by the Protocol Ne5
meeting of the ethics commission at the Danylo Halytsky Lviv National Medical
University from 23.02.2017).

Under combined anesthesia CBD with a diameter of 4 mm and a depth of 3 mm
were modeled bilaterally in the mandible within the lingual and vestibular cortical
plates by intraoral approach. Three times, with a 3-day interval between procedures,
animals of the two experimental groups received ESWT 500 pulses with a frequency
of 5 Hz and a maximum pressure at the wavefront of 1.2 Bar or with an increase in this
parameter (from 1.2 Bar to 1.6 Bar) per site simulated defects using the device Storz
Medical Master Plus MP100 (Germany). CBD in the control group was healing under
the blood clot.

In vivo cone-beam computed tomography (CBCT) of the head was performed
on all animals on the 2nd, 15th, 45th, 90th days using the PointNix Combi500 device
(South Korea) with the introduction of a bone-equivalent phantom in the scanning
field. Unified settings were applied: scan volume 9x12 cm, voxel size 0.18 mm. Also,
in all series of scans, the same X-ray tube performance was used, namely 7 mA and 62
kV, which was necessary to eliminate possible optical errors to determine bone density
(BD). The resulting scans were rendered on the PointNix RealScan 2.0 platform.
Measurement of BD in the area of CBD was performed by estimating the units of
grayscale and optical density with calibration of values in accordance with the
deviations of the radiological density of the phantom according to the formulas derived
by the dissertation. Absolute values and density gain were determined. For better
clarity, the percentage values of the radiological density increase relative to the normal
radiological density of intact bone tissue at the appropriate level were compared.

Animals were sacrificed on 15th, 45th and 90th day by 10-fold overdose of 2%
Sol. Nalbufini, followed by bilateral extraction of fragments of the mandibular bone
0.5x1x1.5 cm in size for histological examination. After decalcification, dehydration,
paraffinization and microtoming, the resulting sections were fixed on slides, dewaxed

and stained with Bemer's hematoxylin with eosin and trichrome by Mason’s trichrome.



Microphotography of histopreparations was performed at a magnification of 40x, 100x,
200x and 400x using a light microscope model MEIJI TECHNO MT4300L (Japan)
with Canon EOS 550D (Japan) and Darktable software version 2.0.3.
Histomorphometry was performed using ImageJ application. The ratio of the areas of
separate tissues as soft connective tissue, blood vessels, osteoid and cancellous bone
were measured.

A retrospective analysis of 1275 clinical histories of patients who were
hospitalized in the Maxillofacial Surgery department of Lviv Regional Clinical
Hospital for the period 2012-2016. Planned surgical interventions were taken into
account, which provided for the formation of postoperative CBD or the presence of
such defects at the time of treatment. Defects of the mandibular branch and angle, as
well as defects associated with the nasal cavities, maxillary sinus, and mandibular
canal, were excluded from the study to ensure sample homogeneity.

In the account were taken the localization of the defect (on the upper or lower
jaw, in the area of the frontal or distal group of teeth), the size of the defect (according
to the Colon classification of defects of the jaw bones, 2013), the frequency of specific
materials (separately for defects of different sizes), the composition of materials used,
features of indications for their use.

To determine the clinical efficacy of ESWT in the area of CBD, 24 patients of
main group (14 women and 10 men) aged 21 to 46 years (mean 27.5 (25.25; 34.25))
were examined and treated. They were treated in the Maxillofacial Surgery department
of Lviv Regional Clinical Hospital for retention and dystopia of the third lower molars
and their complications. The control group consisted of 12 people (6 women and 6
men) aged 23 to 35 years (mean age 27.2 + 2.9 years) with the same nosologies.

Surgical interventions were performed according to the modified method of S.
Asanami and Y. Kasazaki; before suturing all defects were filled with collagen sponge
impregnated with calcium hydroxyapatite and beta-tricalcium phosphate. In the
postoperative period, patients of the main group received a course of ESWT of 500
pulses with a frequency of 5 Hz and an increasing value of the maximum pressure at

the wavefront from 1.2 Bar per area of simulated defects using the device Storz Medical



Master Plus MP100 (Germany). The course included 3 procedures with an interval of
1 week.

CBCT of the mandible was performed after the 4th postoperative day, on the
30th and 90th day after removal of the third molars using the device Vatech Green 16
(Vatech, South Korea) with the introduction of a bone-equivalent phantom in the scan
field. Quantitative (determination of thickness and relative area) and qualitative
(determination of optical BD and peculiarities of density histograms) evaluation of
regenerate in areas with compact and spongy base were performed on the basis of
CBCT. The level of marginal bone loss was also determined.

The obtained results were processed by the method of description statistics using
the program StatSoft Statistica 10 applying the parametric Mann-Whitney test and
Pearson’s correlation coefficient (y?) at a confidence interval of representativeness p
<0,05. Mean increments were given as a percentage with standard deviation (SD).

Contradictory clinical observations, insufficient controlled trials, and a lack of
evidence have shown that clinical use of physical therapy methods such as electrical
stimulation, LIPUS therapy, low-intensity laser therapy, and magnetic therapy is
clinically questionable. Also, a significant disadvantage of the above methods is the
large number of sessions required to achieve the effect. The only common method of
physical exposure, the effectiveness of which is evidenced by a large number of
multidisciplinary studies, is ESWT.

According to the results of CBCT assessment, it was found that the optical BD
of bone tissue in the area of CBD varied depending on the measurement area and the
chosen method of treatment. On the 15th day of observation, the increase in BD in
groups A and B did not differ significantly between study areas, but was higher
compared to the control (p<0,05). On the 45th day, the increase in BD was most
pronounced in group B in the area of the bottom of CBD and was + 77.3 = 17.2%
(p<0,05). In contrast, in group C on the 45th day, no significant increase in density was
observed (p>0,05). On the 90th day of observation in groups A and B, a reliable
determination of the location of defects was not possible due to the absence of any
CBCT signs of mandibular integrity in 6 of 8 cases. The uniformity of optical BD

values along the entire length of the studied area of both intact bone and the site of a



pre-existing CBD, indicates "radiological™ healing. Instead, in group C, tissue density
indicators remained almost unchanged (p<0,05).

The dissertation describes histological changes of bone regenerate with the use
of ESWT both with a constant value of the maximum pressure at the wave front, and
with increasing. It was found that healing in groups A and B proceeded without the
formation of chondroid tissue, with mild inflammation and replacement of CBD by
mature bone tissue at the last observation period, with the difference that in group B
samples the formation of cortical plate in the subperiosteal third, when defects in group
A were replaced only by trabecular bone tissue. At the same time, on the 15th, 45th
and 90th day, bone defects in group C were mostly filled with unchanged loose
connective tissue with scattered round-cell lymphocytic-macrophage infiltration.
Despite the appearance of single small low-mineralized bone beams, the simulated
postoperative CBD in the control group were not subject to spontaneous repair.

For the first time described histomorphometry changes in the healing of CBD
depending on the area of the defect when choosing different treatment protocols. In the
main groups A and B in all areas of the postoperative CBD there was a gradual increase
of bone area with decreasing osteoid area. In the middle and basal thirds, the area of
bone tissue in the period from 45 to 90 days of observation increased slightly, while
the consistent decrease in the area of osteoid was statistically significant (p<0,05). No
significant difference was found between the study areas and the observation time for
the relative vascular area. The ratio of structural elements of CBD in the control group
did not differ significantly throughout the observation period with a predominance of
loose connective tissue. Tissues in the area of bone defect in animals that received
applications of ESWT in the postoperative period, at different comparable stages were
more mature and histologically related to intact tissues compared to control (p<0,05).

In retrospect, it was found that patients in the Department of Maxillofacial
Surgery of the Lviv Regional Clinical Hospital in the period from 2012 to 2016 were
2.5 times more likely to have injuries of the upper jaw (71.8%) than the lower (28.2%).
There was no statistically significant difference between the localization of defects in
the areas of the frontal and distal groups of teeth (55.8 cases per 100 appeals and 57.9

cases per 100 appeals, respectively (p<0,05)). The most common defects were large (>



8 mm) and medium (4-8 mm) with a share of 47.1% and 41.1%, respectively. While
the proportion of small defects (<4 mm) was 11.8%.

It was found that regardless of the size of the defect, among the tactics of
replacement of postoperative CBD, healing under a blood clot prevailed. The
frequency of augmentation in defects of small size was 22%, medium - 37.7%, large -
46.8%. Analyzing the protocols of surgical interventions, it was found that the
following types of materials were used: 1) synthetic calcium phosphates impregnated
with collagen of animal origin; 2) xenogenic bone-plastic materials; 3) synthetic bone-
plastic materials; 4) platelet-riched fibrin obtained by PRF, A-PRF technologies and
their combination with autologous bone chips, as well as bone-plastic materials with
pronounced osteoconductive properties; 5) autocellular platelet concentrate PRGF
(plasma riched with growth factors), obtained by PRGF-Endoret technology and its
combination with autologous bone and xenogeneic bone-plastic materials. The
described cases of using physiotherapeutic methods of stimulation of osteogenesis
were not revealed.

It was clinically established that a significantly considerable (p<0,05) increase
in the thickness of bone regenerate was observed in all areas of measurement in the
main group of patients with postoperative CBD. At the same time, a statistically
significant difference was found between these areas within groups: when comparing
the severity of reparative osteogenesis, it is natural that the author found its
predominance in areas of the defect with a spongy base, which is primarily due to better
regenerate trophism and more lining osteoblasts on the surfaces of bone beams. Three
months after the intervention, CBD of the control group were filled only on 60.16%,
while in the main group there was a replacement up to 98.15% of the defect (p<0,05).

The vertical reduction was up to 1.6 = 1.0 mm in all studied cases, regardless of
the group (p>0,05), with no signs of horizontal bone loss. Thus, there is no connection
between the use of shock waves and changes in the height of the alveolar ridge.

It was found that in the main group the increase in the optical BD of bone
regenerate was significantly greater than in the control (p<0,05). In patients of the main
group, the structural affinity of the regenerate to intact bone tissue was observed: in
areas with a spongy base, heterogeneous regenerate prevailed (91.7%, p<0,05), and in



areas with a compact base, the structure of the regenerate was more homogeneous
(75%, p<0,05). A homogeneous regenerate with a density gradient decreasing to the
middle of the defect was observed in the control group.
Thus, according to the results of research, was found that the additional use of ESWT
in the experiment promotes the restitution of CBD and significantly stimulates the
healing of postoperative CBD in patients compared with established treatments.

Key words: bone defects, bone healing, cone-beam computed tomography,
mandible, maxillofacial area, morphometry, postoperative defects, shock wave
therapy.
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