AHOTANIA
IImub6env H.B. TlinBuilieHHs €pEeKTUBHOCTI 3ar0€HHS TOPOKHUHHUX KICTKOBHX
ne(eKTIB HIKHBOI IICNCNH IIITXOM 3aCTOCYBaHHS YJAapHO-XBHJIBOBOI Teparii. —
Kamidikariitna HaykoBa Tparisi Ha MpaBax PyKOIHCY.
Huceprariiss Ha 3100yTTS HAYKOBOTO CTymHeHs JokTopa (igocodii 3a
cunemianbHicTIO 221 — Cromaronoris. — JIbBIBCBKHMHA HAIOHAJIBHUN MEIAYHUN

yHiBepcureT imeHi Januna [Manuiskoro MO3 Ykpainu, JIsBis, 2020.

VY nucepraiii BUKIAAEHO aHali3 (axoBoi JiTepaTypu OCTaHHIX POKIB, IO
BiIoOpaXkae€ JTOCHIJKyBaHy TMpoOjeMy Ta TMOriIuOII0€ 3HAHHS TMPO  BIUIMB
EKCTpaKOpHopalibHOI yaapHO-XBHIbOBOI Tepamnii (EYXT) Ha 3y0o-11enenny cuctemMy.
Ha ocHOBI aHami3dy pEHTrEHOJIOTIYHUX Ta MOPQOJIOTIYHMX 3MIH B E€KCIIEPUMEHTI
BHUBUYCHO BIUIUB yAapHO-XBWIbOBOI Teparii (YXT) Ha 3aroeHHs miciasonepamiiHux
nopoxkHUHHUX KicTkoBuX JnedekrtiB (IIK/) na wHmwxkniit menem (HIL), wamano
MOPIBHSUTBHY XapaKTEPUCTUKY PI3HUM MPOTOKOIaM 3acTocyBaHHs Y XT B 3a1€XHOCTI
BiJl KIJTBKOCTI IMITYJIbCIB, iXHBOT MOTY>KHOCTI, KPATHOCTI CEaHCIB Ta MaTepiaity, SKUM
BUIIOBHEHO Jie(pekT. TakoK JaHO KIIHIYHY OLIIHKY 3aCTOCYBaHHIO pajianbHoi EYXT y
JiKyBalibHOMY Tiporieci micisionepaniianx [TKJ] HILI.

[Momyk niTepaTypHHUX pKEpel 3IiHCHIOBABCS y eleKTpoHHMX 0azax PubMed,
Elsevier ta Google Scholar 3a xomb0inamiero kimrodoBux ciiB «bone defectsy, «bone
healing» ta «EStimy, «LIPUS», «ESWT», «PEMF», «LLLT» Ta ix cuHOHIMIB
BIJIMOBIAHO, CEpeJl CUCTEMAaTUYHUX OIJIS/IB, METa-aHaji3lB Ta OPUTTHAIBHUX
TOCIIKEeHb, omyOmikoBanux y mepiog 3 2010 mo 2019 poku. byno Bigiopano 96
myOJTiKaIii, o BIAMOBIJAIM KPUTEPISIM BKIIOYCHHS Ta BUKIIOUEHHA. Pesynbrartu
onyOJIIKOBAaHUX JIOCHIKEHb OyJI0 CHCTeMaTH30BaHO Ta BUKJIAJIECHO Y BUIVISIL
JTEPaTypHOTO OTJISITY.

VY ekcniepuMeHTi 0yJ10 3a/i1HO 27 CTaTEeBO3PUIMX KPOJIMKIB BIKOM B1J] 6 MICSIIIB
ta Macoto 2,5+0,2 kr. [lixnocnigaux TBapuH Oyio cTpatudikoBaHO Ha 3 PiBHI TPYIIH:
ocHoBHa rpyna A — 3aroenss 1K/l musxom ammikanit EYXT 31 ctanoro BeTWYHMHOO
MaKCUMaJIbHOro TUCKy Ha ¢poHTi xBwm (N=18 nedekriB); ocHoBHa rpymna B —

3aroenns [IKJ[ momsixom ammikamink EYXT 31 3pocrarouoro  BEIWYMHOIO



MaKCHUMaJbHOTO THUCKY Ha (ppoHTi xBuil (N=18 nedekriB); koHTponbHa rpyna C -
3aroeHHst [IKJ[ nume mig KpoB SHHMM 3TyCTKOM 0e€3 3acTocyBaHHS (DI3UYHOL
ctumyssaiii  (N=18 ngedektiB). JloCHiKEHHS MPOBOAMUIOCH 13 JIOTPUMAaHHSIM
MPUHIINIIB O10€TUKHU Y BIMOBIAHOCTI 3 TOJIOKEHHAMU €BpONEiChKOT KOHBEHIIIT 11010
3aXUCTY XpeOETHUX TBAPHUH, IKUX BUKOPUCTOBYIOTh B €KCIIEPUMEHTAILHUX Ta 1HIIUX
HaykoBux musix (Ctpacoypr, 1986p.), Jupextusu Pagu €Bponu 2010/63/EU, 3akony
Vxpainu Ne3447-1V «lIpo 3axucT TBapuH BiA KOPCTOKOTO IMOBOJKCHHS», IIIO
niaTBepakeHo [Iporokonom NeS 3acizanHs KOMICIi 3 MUTaHb €TUKH NPHU JIbBIBCHKOMY
HalllOHAIBHOMY MEIUWYHOMY yHiBepcuteTi iMmeHi JlaHnunma ['anmuubkoro  Bif
23.02.2017p.).

[lin ~ kKOMOIHOBaHMM  3HEUYJEHHSM  BHYTPIIIHBOPOTOBUM  JOCTYIIOM
oinarepanbHo Ha HII MmonentoBanu I1K]] (3araniom 54) niamerpom 4Mm Ta TIMOUHOIO
3MM B MeXaX JIHTBAJIbHOI Ta BECTUOYJISIPHOT KOPTUKAIBHUX IUIACTHHOK. TBapuHM
JBOX JTOCHIIHUX TPYII TPUYl, 3 THKHEBUM IHTEPBAJIOM M1k IPOLIETyPaMH, OTPUMYBAJIH
EVYXT mo 500 imMmynbceiB gacToToro 5 I'1 Ta BEIMYMHOIO MakCHMAalbHOTO THUCKY Ha
¢dponti xBumi 1,2 bap abo 13 30ubIIeHHSIM 11HOTO TapameTpy (Bix 1,2 bap no 1,6 bap)
Ha JUISHKY 3MOJICJIbOBAHUX AC(EKTIiB 3 BUKOpPHCTaHHsAM amapaty Storz Medical
Master Plus MP100 (Himewuuna). [ledekT y KOHTPOJI TOUMHMCH TiJ KPOB’STHUM
3TYCTKOM.

Byno mpoBeeHo MPUKUTTERY KOHYCHO-TTPOMEHEBY KOMIT I0TEPHY TOMOTpadito
(KIIKT) rosmoBu ycim TBapuHam Ha 2-ry, 15-Ty, 45-Ty, 90-Ty 100y micis popMyBaHHS
[TK] 3a momomororo amapaty PointNix Combi500 (ITisnenna Kopest) i3 BBeneHHIM
KICTKOBO €KBIB&JICHTHOTO (¢haHTOMa B TI0J€ CKaHyBaHHSA. bylo 3acTocoBaHO
yHi(1KOBaHI HaJIAIITYBaHHs: 00’ eM ckaHyBaHHs 9x12 cMm, BenuunHa Bokcesns 0,18 mwm.
Takox, B yciX cepisix CKaHyBaHb, BAKOPUCTOBYBAJIMCh OJJMHAKOBI MOKa3HUKH poOOTH
pPEHTreHIBChKOi TpyOKku, a came 7 MA Ta 62 kB, mo Oyno HEOOXITHUM IS
HIBEJIIOBAHHSA MOYKJIMBUX ONTHYHHUX ITOXHMOOK JUISI BU3HAUYEHHS IUILHOCTI KICTKOBOIL
tkaauan (LL[KT). PenmepuHr oTpumaHuX CKaHIB 3IHCHIOBAaBCS Ha TMaTdopmi
nporpamu PointNix RealScan 2.0. BumiptoBanus IIKT B ginsaii [TK/] npoBoguiocsk
3a OI[IHKOI OJIMHMIIh Tpajalliii CIporo Ta ONTHYHOI IIUIBHOCTI 13 KaOpyBaHHSIM

3HAYCHb BIJIMOBITHO 1O BIAXWJIEHb PEHTICHOJOTIYHOI MIIILHOCTI (aHTOMa 3a



BUBEJICHUMU JHcepTaHTOM (opMynaMu. BusHauanu aOCoOTHI 3HAUEHHS Ta MPUPICT
HIiIbHOCTI. {7151 Kpalioi HAOYHOCTI MOPIBHIOBAIMCH BIJICOTKOBI 3HAYECHHS MPUPOCTY
BIJIHOCHO HOPMAJIbHOI PEHTT€HOJIOTTYHOI IIUIBHOCTI IHTAKTHOI KICTKOBOT TKAHUHU Ha
BiJITOBIAHOMY PiBHI.

TBapun BuUBOIMIM 3 eKcrepuMeHTy Ha 15, 45 ta 90 moOy, micias 4oro
3nicHIoBaNM OinaTepanbHui 3a0ip PparmentiB kictku HI pozmipom 0,5x1x1,5¢cMm,
gkl ikcyBamu y 10% ueiTpampHOMYy po3unHi dopmaminy. [licns nexanmpruHarii,
00e3BOJIHEeHHS, Mapadinizalii Ta MIKPOTOMYBaHHS, OTPHMMaHi 3pi3u (PiKCyBaJM Ha
MIPEAMETHHUX CKENBIIX, AenapadiHi3yBaiu Ta 3a0apBiIoBaid reMaTokcuiiinoM bemepa
3 €03UHOM Ta TPUXPOMHO 3a MacoHOM.

MikpodoTorpadyBanHsi TicTonpenapariB OpOBOIWIM Mpu 30UIblIeHHI 40X,
100x, 200x ta 400x 3a gomomMororo cBiTIOBOTO Mikpockomna moaeni MEIJI TECHNO
MT4300L (Amownis) 13 dpoTonacankoro Canon EOS 550D (Amnowist) Ta mporpaMHUM
3abe3neuenHsaM Darktable Bepcii 2.0.3. ['ictromopdomMeTpuaamii aHai3 TPOBOIMBCS HA
wiatgopMi nporpamu Imagel. BuszHauanu CIiBBITHOIICHHS TUION] MIDKKJIITUHHOTO
MaTpPUKCy 1/a00 TyXKOi CMOJMY4YHOI TKAaHWHU, KPOBOHOCHHX CYJWH, OCTEOiqy Ta
KICTKOBHUX OaJIOK.

[IpoBeneno perpocnekTuBHUN aHami3z 1275 icTopiii XBopoO MAaIll€HTIB, IO
3HAXOAWJINCHh Ha CTAllIOHAPHOMY JIIKYBaHHI y BIJAUICHHI IIEIEMHO-JIULEBOI XIpyprii
KHIT JIOP «JIsBiBchbKa obOnacHa kiiHiyHa JikapHsy (IIJIX JIOKJI) 3a nepiox 2012-
2016 p.p. o yBarum Opayivch IUIaHOBI OIepaliiiHi BTpy4aHHs, SKI Tmependadanu
yrBOpeHHs micisonepaniiinux [IKJ[ abo HasBHICTH TakuX AEPEKTIB HA MOMEHT
3BepHeHHs. Jledektu riutku Ta kyta HII, a Takox nedexTtu, mo Manm cnoiaydeHHs 13
MOPO’KHUHAMHU HOCA, BepXHbollenenHoro cunycy ta HI kanany Oynu BUKIIOUEHI 3
JOCITIIKEHHS [T 3a0e3NeYeHHs OJHOPIAHOCT1 BUOIPKH.

BpaxoByBaynmch mnokamizamist nedexty (Ha BEpXHIM YW HIDKHIN Iesieri, B
TUISHIL  (PPOHTANBHOI YW JUCTANIBHOI Tpynmu 3y0iB), po3mipu nedekty (3rigHo
Kononcekoi kinacudikarii gedexrip menenuux kictok, 2013), yactora 3acToCyBaHHS
KOHKPETHHUX MaTepialiiB (OKpemo it JeeKTiB pi3sHUX PO3MIpiB), CKJIaJ MaTepiais,

IO BUKOPpHUCTOBYBAJIUCDH, 0COOJIMBOCTI MOKAa3aHb a0 IXHBOT'O 34CTOCYBAHH.



Jlnst Bu3HadyeHHs KiHIYHOI edekTuBHOCTI 3actocyBanHs EVXT B mimsaIl
nicnsonepaniitaux [TKJ[ 6yino obctexxeHo Ta tikoBaHO 24 MaIlieHTIB OCHOBHOI IpyIy
(14 xinok ta 10 yomoBikiB) BikoM Big 21 g0 46 pokiB (memiana 27,5 (25,25; 34,25)),
aki mepeOyBanu Ha jdikyBaHH1 y Biaaumenai JIX JIOKJI 3 mpuBoxy perenuii Ta
JUCTOII TPETIX HUKHIX MOJISIPIB Ta iX yckiaaHeHb. KoHTponbHY rpymy ckiainu 12
nari€eHTiB (6 )XKIHOK Ta 6 4OJIOBIKIB) BiKOM BiJ 23 10 35 pokiB (cepeHe 3HAYCHHS BIKY
27,2+2,9 poKiB) 3 TAKUMH K HO3OJIOT1SIMHU.

OmneparliiiHi BTpy4YaHHS MNPOBOAMIMCH 33 MOJU(PIKOBAHOIO METOAMKOIO S.
Asanami Ta Y. Kasazaki, nepen ymmBaHHAM yci Je(EKTH BHUIIOBHIOBAIKCH
KOJIAareHOBOI0 TyOKOIO, IMIIPErHOBAHOKO T1JIPOKCHANAaTUTOM Kallbllito Ta OeTa-
TpUKaJIbUIA PocaToM. VY micasonepamitHoMy MepioAl Mali€eHTH OCHOBHOI T'pyId
orpuMmyBanu kypc EVXT mo 500 immynsciB yactororo 5 ['p Ta HapocTaroudoro
BEJIMYMHOIO MaKCHUMAaJIbHOTO THUCKY Ha ¢poHTi XxBwii Big 1,2 bap Ha ainsHKyY
3MOjieTIboBaHUX AedekTiB 3 BUKOpHcTaHHSAM amapary Storz Medical Master Plus
MP100 (Himeuunna). Kypc BkirouaB y cede 3 BUIlleONUCaH] MPOIEAYPH 3 IHTEPBAIOM
I TmxneHs.

KIIKT HII] npoBonunace miciist 4-o01 micisioneparliiinoi 1o6u, Ha 30-ty ta 90-1y
no0y Ticas BHIAJIEHHS TPETIX MOJIApIB 3a Jomomororo amapaty Vatech Green 16
(Vatech, ITiBnenna Kopest) i3 BBeICHHSIM KICTKOBO €KBIBAJICHTHOTO (DaHTOMa B TIOJIC
ckanyBanHs. Ha ocnoBi KIIKT mpoBoaunachk KiibKicHa (BU3HAUYEHHS TOBIIMHU Ta
BiTHOCHOI mionli) Ta skicHa (Bu3HaueHHs ontuyHoi KT ta xapakrtep ricrorpam
IIKT) orinka perenepaTy B AUISHKAX 3 KOMIAKTU30BAHOK Ta Iry0YacTO0 OCHOBOIO.
Takox BU3HAUYAIM PIBEHb BTPATH MApPTiHAIBHOI KICTKOBOT TKAHUHH.

Otpumani pe3yabTaTd TOCHTIKEHHS Oy OIparboBaHi CIIOCOOOM OMHCOBOI
CTaTHCTUKHM 3a jormomoror mporpamu StatSoft Statistica 10 i3 3acrocyBaHHSIM
IapaMeTPUYHOrO KpuTepito Mana-VitHi Ta koedinienTa xopensuii ITipcona (y?) npu
JoBIpuOMYy 1HTepBai penpeseHTatuBHocTI p<0,05. CepenHi 3HaYeHHS IPUPOCTY OYII0
MOJIaHO Y BIJICOTKAX i3 BKa3aHHIM CTaHIApPTHOTO BimxuieHHs (SD).

3’sCOBaHO, IO JJs MIUPOKOTO KIIIHIYHOTO 3aCTOCYBaHHS TaKHX METOJIIB
¢13UYHOTO BIUIMBY Ha TPOIECH OcCTeopemnaparllii, sk enekrpoctumyJsmis, LIPUS-

Teparis, HU3bKOIHTEHCHBHA Ja3epoTepariis Ta Mar”iToTeparis HeoOXigHa Oiiblia



KUIBKICTh KOHTPOJIbOBAHUX JOCIIIKE€Hb, OCKUIBKH OMMCAaHI B JIITEPATypl pe3yabTaTH
KJIIHIYHUX CIIOCTEPEKEHb € CYNEepewIMBUMU. TaKOXK CYTTEBUM HEAOJIIKOM BHIIE
3raJlaHiuX METOJIIB € BEJIMKa KUIbKICTh CEaHCIB, HEOOX1HA JJIsI TOCATHEHHS e(PeKTy.
€IMHUM TOIIMPEHUM METOAOM (PI3UYHOTO BIUIUBY, PO €(PEKTUBHICTH 3aCTOCYBAaHHS
SIKOT'O CBIYMTH 3HaUHA KiJIBKICTh P13HOTATY3€BUX JOCHIKeHb, € EYXT.

3riguo pesynbrariB orinku KIIKT BcranoBmeno, mo ontryna LIKT B gimstaIT
[IK][ 3miHIOBamach 3aJIGKHO BIJ JUISHKA BHUMIPIOBAaHHS Ta OOpaHOTO METOMY
nikyBanHs. Ha 15-ty 100y cnoctepexenns npupict LIIKT B rpymax A ta B 3Hauyie
HE BIAPI3HABCS MK IUISHKaMH JOCTIIKEHHS, IpoTe OyB BHUILKM Y IMOPIBHAHHI 3
koHTposem (p<0,05). Ha 45-ty no0y nipupict IIIKT OyB HallO1IbII BUpaXKSHUH Y TPYITi
B y minsgami gHa xictkoBoro nedexty (KJ/[) Ta cranoBus +77,3+17,2% (p<0,05). Ha
MIPOTHBATY, B TPYITl KOHTPOJTIO Ha 45-Ty 100y CIIOCTEPEKEHHS 3HAUYIIIOTO 3POCTAHHSI
HIKT ne BigOymock (p>0,05). Ha 90-ty mo0y crmocrepexenHs y rpymax A ta B
JOCTOBIpHE BU3HAUYeHHs Jiokanizamii K/ He Oyio MOXIIMBUM Y 3B’SI3KY 3 BIICYTHICTIO
Ooynp-sikux KT-o3nak mopymenus muticHocti HIL y 75% BumnagkiB crnocTepeskeHb.
PiBHOMIpHICcTE 3HaYeHB onTuuHOi LI[KT Ha yciif mpoTsHhKHOCTI JOCTIIKYBaHOT TIISTHKH
SK 1HTAKTHOI KICTKHM, TakK 1 Miclsl momnepeaHbo icHyroyoro KJI, cBimuuTh npo
«PEHTIEHOJIOTIUHEe» 3aro€HHs. HaTomicTh, y Tpymi KOHTPOJIO MOKA3HUKU HIUTHBHOCTI
TKaHMH 3aiuianuck Heaminaumu (p<0,05).

B jawucepranii oOmMcaHo TICTOJIOTIYHI 3MIHM KICTKOBOTO pereHepary mpH
3actrocyBanHi EYXT sk 31 cTajor BETUYMHOI MaKCHMaJIbHOTO THCKY Ha (DpPOHTI
XBWJI, TaK 1 31 3pocTarydoro. BusiBiieHo, 1o 3aroenHs y rpynax A i B nepertikano 6e3
dbopMyBaHHS XOHAPOIAHOI TKAHWHHW, 3 HE3HAYHO BHUPAXKEHUM 3alajieHHsSM Ta
3aMilIeHHsIM Je(eKTIB 3piIoI0 KICTKOBOIO TKAaHWHOK Ha OCTaHHBOMY TEpPMiHi
CIIOCTEPEKEHHS 3 TOIO PI3HUIIEIO, 1110 Y 3pa3Kkax rpynu B cnocrepiraniocs GopMyBaHHS
KOPTHUKAJIbHOT IJIACTUHKH y CyONepioCcTalIbHIN TPETHHI, Koyu Ae(eKTH B rpymi A Oynu
3aMileH1 JUIIe TpaOeKyJIIpHOIO KICTKOBOIO TKaHUHOKW. BogHouac, Ha 15-1y, 45-Ty Ta
90-ty no6y KJI y rpymi KOHTpOJItO 37€01IbIIOTO Oy BATIOBHEH1 HE3MIHEHOTO ITyXKOIO
CIIOJIYyYHOIO ~ TKAHWHOIO 13  PO3CISHOW  KPYMIOKJIITUHHOI  JIMQOIUTAPHO-

MakpodaraipHoo i1HOUIbTpalicto. He3Bakaroum Ha MOSBY MOOJUHOKHX JPIOHUX



MaJOMiHEpalli30BaHUX KICTKOBUX Oanok, 3MmojenboBaHi micisonepauiini 1K/ B
TPy KOHTPOJIIO HE MiJIsITaid CIIOHTaHHIN penaparti.

Brnepiie onucano ricromopdoMeTpruyHi 3MiHH Npu 3aroeHH1 K] B 3ajie’)xHOCTI
BiJl IUISTHKU Je(eKTy MpH BUOOP1 BIIMIHHUX MPOTOKOJIB JIKyBaHHsS. B OCHOBHHX
rpymnax A ta B y Bcix aunstakax micisonepaitiitnoro I[TK]] crioctepiranoch moctyrnose
30UTBIIIEHHS TUTOII KICTKOBOT TKAaHMHM 13 3MEHIIICHHSM IUJIOMII OCTeoiny. ¥ cepemHin
Ta OaszanpHI TpPEeTHHAX IUIONIA KICTKOBOI TKaHWHHU y mepion Big 45 mo 90 mobu
CIIOCTEPEKEHHS 3pOCiia HE3HAYHO, TOJI1 SIK MOCIIIIOBHE 3MEHIIEHHS IUIOIII OCTEOIny
Oyno craructuydo 3HauymwM (P<0,05). 3Hauymoi pi3HUII MK JUITHKaMA
JOCIIJIKEHHS T YaCOM CIIOCTEPEKEHHS JIJIsl BITHOCHOT IUIOIII CYJMH BCTAHOBJIEHO HE
oyno (p>0,05). CmiBBigHOIIEHHS CTPYKTYpHUX ejdeMeHTiB K] B KOHTpOJIBHIN TpyIIi
3HaYyIle HE BIAPIZHAJIOCS BIOPOJOBXK YChOIO TIEPIOAY CIHOCTEPEKECHHS 3
nepeBakaHHSIM MyXKOi croiydHoi TkanuHu. Tkanunau B autsaii [IK]l y TBapun, 1o
orpuMmyBanu amumkauli EYXT B miciasonepamiiiHOMy 1epiofl, Ha pI3HUX
MOPIBHIOBAHMX e€Tamax Oyiu OUIbIl 3pUIMMH Ta TICTOJIOTIYHO CIOPIAHEHUMH 0
IHTaKTHUX TKaHUH Yy TIOPIBHSHHI 13 KoHTpoJeM (P<0,05).

PetrpocrniekTuBHO BCTaHOBIIEHO, 10 y mamieHTiB BigauieHHs IJIX JIOKII y
nepion 3 2012 mo 2016 poku y 2,5 pa3u 4acTiiie CrocTepirajuch BUMAAKU YPaKEHHS
BepxHboi menenu (71,8%), Hixk HUKHBOI (28,2%). CTaTUCTUYHO 3HAYYIOI PI3HUII
MDK JIOKaJI3ali€eo AeeKkTiB y AUISHKAX (POHTAJbHOI Ta AMCTANIBHOI Ipyn 3yOiB
BUSABIJICHO He Oyr10 (55,8 BunaakiB Ha 100 3BepHeHb Ta 57,9 Bunaskis Ha 100 3BepHEHD
BigmoBigHo, P<0,05). Haituacrime 3yctpivanuchk aedekTd Bemukoro (>8 Mm) Ta
cepennboro (4-8 MM) po3mipy i3 yactkoro 47,1% ta 41,1% BinmosinHo. B Toif yac, sik
gacTka JedeKTiB Majoro po3mipy (<4 mm) ctanosuia 11,8%.

BusiBneno, mo He3anexHo Bix po3MipiB K], cepen TakTUK 3aMillleHHS
nicnsonepamiianx [1K][ mepeBaxkano 3aroeHHs mia KpoB’SHUM 3rycTKoM. YacTtora
ayrMeHTauii npu nedexrax Mamux po3MmipiB ctaHoBuia 22%, cepeanix — 37,7%,
BEIUKUX - 46,8%. AHaNI3yl04u MPOTOKOJIMA OTIEPAIIHHIX BTPYYaHb, BCTAHOBJICHO, 1110
3aCTOCOBYBAJIMChH HACTYIIHI THMH MaTepiaiiB: 1) mpenapatu cuHTeTUYHUX ¢ocdaTiB
KaJIbI[1}0, IMIPETHOBAHMX Ha KOJAareHi TBAPMHHOIO IOXOJKEHHS; 2) KCEHOTCHHI

KICTKOBO-TJIACTUYHI MaTepiain; 3) CHHTETUYHI KICTKOBO-TUTACTUHYHUMHU MaTepianm; 4)



npenapaTu 30araueHoro rpomoonuramu (i0puHy, OTpuMaHuM 3a TexHojorisimMu PRF,
A-PRF Ta ixHi KOMOIHAIlI€l0 3 aBTOJOTIYHOI KICTKOBOKO CTPYXKKOIO, a TaKOX
KICTKOBO-IJITACTUYHUMH ~ MaTepiajlaMd 13 BUPWKEHHUMH  OCTEOKOHAYKTUBHUMU
BJIACTHBOCTSMU; S5) aBTOKIITUHHUN TpomOoumTapHuil koHneHTpatr PRGF (mmasma
30araueHa (hakTopamH pocCTy), OTpuMaHuM 3a TexHosoriero PRGF-Endoret ta iioro
MMOETHAHHSM 13 aBTOJIOTIYHOIO KICTKOIO Ta KCEHOTCHHHMH KiCTKOBO-TIJIACTUYHHMH
MatepianamMu. OnucaHMX BHUMNAJAKIB BHUKOPUCTAHHS (i3i0TepaneBTUUYHUX METOIIB
CTUMYJIALIT OCTEOTeHE3y BUIBJICHO HE OYII0.

KJ1iHIYHO BCTaHOBIEHO, 10 JO0CTOBIpHO 3HauHMi (P<0,05) mpupicT TOBUIMHU
KICTKOBOTO PEreHepaTy CHOCTepiraBcsi B yCiX JUISHKaX BUMIPIOBAHHS B OCHOBHIN
rpyni naumieHTiB 13 miciasgonepamiitnumu [1IK/[. BonHowac, BHSBIEHO CTaTUCTUYHO
3HAUylly PI3HUIIK0 MDK LUMH JUISHKAMU BCEPEIWHl TpYIl: MpU TOPIBHAHHI
BUPaKEHOCT] PEMapaTUBHOIO OCTEOr€HE3Y, 3aKOHOMIPHUM € BCTAaHOBJIEHE aBTOPOM
Moro nepeBakanHs B AuistHKax K/ 13 ry0uacToro 0CHOBOIO, IO MEPBUHHO 3YMOBJIEHO
Kpamiow TpoQikor pereHepaTty Ta OUIBIION KIJIbKICTIO BUCTHJIAIOUUX OCTE00JIACTIB
Ha TIOBEPXHAX KiCTKOBUX Oajnok. Uepes 3 micsi micas BTpydanHs KJI koHTpoibHOT
rpynu Oyno BumoBHeHO Jdme Ha 60,16%, HaTOMICTh, B OCHOBHIA TIpYyIIl
criocTepiranock 3amirienns a0 98,15% nedexry (p<0,05).

Beprukanbna penykuist craHoBuia Ao 1,6£1,0 Mm B yciX AOCHIIKYBaHHX
BUTIAJIKaX He3asexHo Bif rpynu (p>0,05), mpu boMy 03HAKK TOPU30HTAIBHOT BTPATH
MapTiHAJIbHOI KICTKU OYJH BiJICYTHI. TaKMM YMHOM BCTAHOBJIEHO BIJICYTHICTD 3B’ SI3KY
M1 3aCTOCYBAaHHSIM YJapHHUX XBHJIb Ta 3MiHAMHU BUCOTH aJIbBEOJISIPHOTO TPEOCHS.

BcranoBneno, mo B ocHOBHIN Tpymi npupict ontuyHoi LIIKT 6yB qoctoBipHO
OimbIiM, HiXK Yy KoHTpoi (P<0,05). YV marieHTiB OCHOBHOI IPYyIH CIIOCTepiraiach
CTPYKTypHA CIIOPIAHEHICTh PEreHepaTy 10 1HTAKTHOI KICTKOBOI TKAaHUHU: B JIJISTHKAX
3 TyO4acToro ocHOBOIO y 91,7% mepeBaxaB rereporennuii perenepar (p<0,05), a B
JUJSTHKaX 3 KOMITAKTU30BaHOIO OCHOBOIO CTPYKTypa perenepary y 75% Oyna OibI
romoreHHoro (P<0,05). Tlpu boMy B KOHTPOJIBHIN TPYIIl CIOCTEPIraBCsi TOMOTCHHHIMA
pereHepar i3 rpaJiieHTOM HIUTBHOCTI, [0 3MEHITYBAJIACh JI0 CEPEaNHU Te(PEKTY.

Takum YMHOM, 3T1THO OTPUMAHUX PE3YJIbTATIB JOCHIIKEHb, TUCEPTAHTOM OYJII0

BCTaHOBJICHO, 1110 J0aTKOBE 3acTocyBaHHsA EY XT B ekcrieprMeHTI CIIpHsi€ peCTUTYLIT



K] Ta 3Ha4HO cTUMYyIIO€ mporiecu 3aroeHHs micisonepaniitaux [IK][ y mamieHTiB y

MOPIBHSHHI 13 YCTaJIGHUMH METOAaMU JIIKYBaHHS.

Kiro4oBi ciioBa: HIDKHSA 1Ielena, yJapHO-XBIJIbOBA Teparlis, micsionepaniini
nedexTH, KICTKOB1 edeKTH, KICTKOBE 3aTrO€HHS, IIEJICITHO-JIUIIeBA AUISTHKA, KOHYCHO-

MIPOMEHEBa KOMII toTepHa ToMorpadisi, MophomeTpis.



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 Ne3447-1V
“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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