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TEMPORARY DENTITION ALVEOLAR BONE MORPHOLOGY OF CATS AT DIFFERENT
STAGES OF EMBRYOGENESIS

TI'opoxueckasa IOnua Bhaoumupogna,

Ooecckuil HAYUOHANbHBIY MEOUYUHCKU YHUBEPCUMEM
Kocmuipenko Anexcanop Ilemposuu,

K. MeO. H.,

Beicuee 2ocyoapcmsennoe yuebrnoe 3agederue Ykpaurei
«Ykpaunckan meouyunckan cmomamono2uyeckas akaoemus

MOP®OJIOTMYECKUE ACHEKTBI KOCTHOM JIYHKU 3YBOB MOJIOYHOI'O MTPUKYCA Y
KOHLIEK HA PA3HBIX OTAITAX ODMBPHOTEHE3A

It was shown that at the follicle stage in the tooth alveola a thin strip of periosteum was observed, from which
bone trabeculas moved parallel and perpendicularly. From the vestibular side, the bone trabeculas of the future
alveolar process were intensely stained with eosin, while on the lingual side, the bone trabeculas were stained in
dark purple due to basophilia associated with the process of ossification. Uneven ossification of the bone tissue of
the future alveolar process from the vestibular and lingual sides of the forming bone trabeculas contributes to the
rotation of the tooth crown in the vestibular-distal direction during its eruption. It is shown that the eruption of the
tooth is inextricably linked with the parallel process of the formation of bone tissue of the future alveolar process
around the tooth and the subsequent formation of a periodontal complex capable of full-fledged functioning.

Key words: experiment, cats, temporary teeth, alveolar tooth hole, alveolar process.

Kniouesvie crnosa: sxcnepumenm, KOWKY, MOIoOuHbLE 3Y0bl, 3YOHASL TYHKA, ANbEEOISAPHbIN OMPOCHOK.

[TokazaHo, uTO Ha cTaanu (GOIIMKYyJIa B 3yOHOI
JyHKe HabJroJanach TOHKas TMOJOCKAa HAaAKOCTHMIL,
OT KOTOpOH MapajuieqbHO M MEPIeHANKYJISIPHO OTXO-
UM KOCTHble 6anoukd. C BecTUOYNSAPHON CTOPOHBI

KOCTHBIE 6a0uKy Oy TyIIero anbBeOIIPHOTO OTPOCTKA
HMHTEHCHBHO OKPALIMBAJINCh 303MHOM, B TO BpeMsA Kak
C JIMHTBAJILHOM CTOPOHBI KOCTHBIE 0AJIOYKK OKpALINBa-
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JMCh B TeMHO-(pHONeTOBbIH LBeT Oaaromaps 6azodu-
JIUW, CBSI3aHHOW € TporeccoM ux occudukammn. He-
paBHOMEpHas occudUKaLnsg KOCTHON TKaHH Oy Iy1ero
ANBBEOJIAPHOTO OTPOCTKA C BECTHOYIAPHON W JIMHT-
BaJIbHOM CTOPOH (POPMHUPYIOIIMX KOCTHBIX Oanouex
CMOCOOCTBYET MOBOPOTY KOPOHKH 3y0a B BecTHOYIIO-
JMCTabHOM HANpaBJIEHWH BO BPEMs €ro Mpope3biBa-
nus. [Toka3aHo, uTo mpope3siBaHKME 3y0a HEPa3pPHIBHO
CBSI3aHO C MapauleNibHBIM MpoleccoM (HOpMHUpOBa-
HHEM KOCTHOHM TKaHW OyAyLIero aJbBEOJIIPHOTO OT-
pPOCTKa BOKPYT 3y0a M MOCIEeAyOIM 00pa3oBaHHeEM
MapOJOHTAIBHOTO KOMIUIEKCA, CIIOCOOHOTO K TTOJTHO-
LEeHHOMY (YHKLMOHUPOBAHMIO.

3ybouenrocTHas cucTeMa 3aHIMaeT OJTHO 13 Belly-
IIMX MECT B OpraHu3Me 4eJoBeKa 10 CI0XKHOCTH (op-
MHUPOBAHUS, aHATOMHUYECKOMY CTPOEHUIO ¥ MHOT000-
pasuiio BHITIONTHAEMBIX (pyHKUuit [1].

[Mon BnustHEEM akTa 'keBaHMS HaOIOaeTCs yCh-
JIEHWE TIPOLIECCOB POCTa I'yO04yaToro BeIECTBA y pe-
O0&HKa B BO3pACTHOW nepuon OT 6 MecsUeB A0 3 JEeT, a
K 13-15 romam cTaHOBATCS 3aMETHBIMH M3MEHEHUS
KOMITaKTHOTO BEIECTBa, 00BEM KOTOPOTO BO3PACTAET
B 2-3 paza. [IponcxomsiT clioxxHble Mpeobpa3oBaHus B
aJbBEOJISIPHBIX OTPOCTKAX BEPXHEU U HUKHEH 4demro-
CTell, CBSI3aHHBIE C MMPOPE3bIBAHNEM, PACCTAHOBKOM 3y-
60B 1 morpEMOM BEICOTHI TIpHKyca. [Tporecc pocra we-
JIFOCTEH MPOUCXOIUT Ha MpOTsKeHUH 15-16 neT. B Te-
YeHHE ITOTO BPEMEHM OCYIIECTBISETCS CO3pPEBaHHE
(hOTTMKYITOB MOJIOUHBIX M TIOCTOSTHHBIX 3y00B, MX TIPO-
pesbiBaHKe, (pOpMHUPOBAHHE MOJIIOYHOTO, CMEHHOTO M
TIOCTOSTHHOTO TIPUKYCOB. B pocte m pasButhu uemmo-
CTelf 3HAUWTEJbHYIO pOJib WUrpaeT (OpMHUpOBAHUE M
npope3biBaHKe 3y00B. DTOT CJIOKHbII OHOJOrMYecKuil
MPOLECC NIPOUCXOAUT B OINPEACIEHHON 3aKOHOMEPHOM
MOCJIEI0OBATENILHOCTH M MMEET MECTO TOJNBKO B 4e-
JIOCTHO-JIMLIEBO 00JaCTH.

B nocnenHee gecsATHIeTHE H3yYEHHE TPOPE3bIBa-
HUS TIOCTOSHHBIX 3YOOB mproOpesno ocoOyro 3HAYU-
MOCTb B CBSI3H C BO3/JIEIICTBMEM Ha pacTyLIUi OpraHu3mM
Bce 0OJbLIEro KONMYECTBAa HeOIaronpusaTHHIX (akTo-
pOB BHEMIHEH cpenbl. Ha mponeccs! Mpope3bIBaHUs 3y-
00B BNMAIOT ¥ TaKKe (haKTOPBI, KAK HACJIEICTBEHHOCTb,
0COOEHHOCTH WHIVBHMOYalbHOIO pPa3BHUTHA, OOLIECO-
MaTHYecKasl MaToJIOTHs, COLMANbHbIE (PAKTOpPbI, TIIy-
OuHa 3ajeraHus 3a4aTKoB 3y0OB B TOJIIIE KOCTU H JP.

[lo MueHmIO psina aBTOpOB [2, 3], Mpope3bIBaHMe
MOCTOSTHHBIX 3y00B NMPOUCXOIUT HA MECTE HEJIEUEHBIX
1 JeMyJbIMPOBAHHBIX BPEMEHHBIX 3y00OB, 4TO 00bsiC-
HSIETCsl yCKOPEHHBIM paccachlBAHUEM KOpPHEN ¢ HEKPO-
TU3UPOBAHHON MYJBION M 0OJETYaAONUM IeHCTBHEM
JECTPYKTHBHBIX U3MEHEHHI NMEepHaNUKalIbHbIX CTPYK-
Typ Ha MPOABIKEHHE 3a4aTKOB 3y0OB K ajbBEOJSp-
HOMY Kparo. B To ke Bpemsl CyliecTByeT MHEHUE, 4TO
paHbIle CMEHSAIOTCSI WHTAKTHble 3yObl BCIEICTBHE
SHEPTUYHOTO0 Y4YacTHi B 3TOM TPOLECCE KUBOK
myJbIel [4, 5].

VYrnoBas WMpHHA, MPOSKLMOHHAS UINHA, BBICOTA
TeNla ¥ BETBU HIDKHEH 4ETIOCTH yBEIMYHBAKOTCA 0CO-
0EHHO MHTEHCHBHO B MEPHOJ IMPOPE3bIBAHUST MOJIOU-
HBIX 3y00B, CMEHBI TIPUKYCA 1 B IEPHOJ] MPOPE3bIBAHUS
TPETHUX MOCTOSTHHBIX MOJISIPOB [6].

MHOro¢akTopHOCTh NpoLiecca MPOpe3bIBaHUS 3Y-
060B TMOKa3bIBaeT HEOOXOAMMOCTb YTOUHEHHS 3THX
(haKkTOpoB, UTO MpPEACTABIAET UHTEPEC AN HAyYHOH 1
MPaKTHIECKOW CTOMATOJIOTUM W, B YAaCTHOCTH, OPTO-
JOHTHH.

Llenvio nanHoii paboThl ObUIA IKCIIEPUMEHTANb-
Hast OLIEHKa y )KHBOTHBIX HAMPABJISIOIIETO BIUSAHUS 3y-
00B BpeMEHHOTO MPHKYyca Ha NPOpe3bIBaHNE TOCTOSH-
HBIX 3yOOB TIpH WCCIIeNOBaHUU MopdoreHeza 3yOHOMH
KOCTHOM JIYHKM B 3aBHCHMOCTHU OT pa3JIMYHbIX 3TaNoB
sMOproreHe3a 3MaieBoro opraHa (poHTaNbHOM
rpyNMbl 3yOOB HIDKHEH YeNIOCTH.

Mamepuanst u memoosl. B xauectBe sKcrepu-
MEHTaIbHOI MOJeNH IS omnpeaeneHuss 3MOPHOHAIb-
HOTO Ppa3BUTHS MOJIOYHBIX 3y0OB OBl OTOOpPaHBI
MEPTBbIE KOTATA [7], y KOTOPBIX MepeaHne 3yObl HUX-
Hell 4YeNIoCTH 3aHWUMaloT HeOOJBIIYIO TUIOMIAnb, HO
BIOJIHE JOCTATOYHYIO U1l MUKPOCKOTTMYECKOTO HCClle-
JoBaHus. C OMOATUUECKOIl TOUKU 3peHMs, TaKHe KO-
TATa MOTYT OBITh B3AThl B KauecTBe Marepuana i
Mopdonornueckux nccienoBaHnii. B skcnepumMente
UCTIONB30BANU 5 KOTAT, B HIKHUX YETIOCTAX KOTOPBIX
TIOBEPXHOCTH ATBBEOJIIPHOTO OTPOCTKA ObITa TITaaKOi
(1-2 Tpynmna) u 5 KOTAT, Y KOTOPHIX Ha MOBEPXHOCTU
HIDKHEW YeTIOCTH BBICTYTAIN KOPOHKM MOJIOYHBIX 3Y-
60B (2-1 rpynmna). [Tocne ynaneHus HUXKHEH YenocTu
Tpenapartsl cHavana (ukcupoBanuch B 10% pacTBope
HeliTpabHOTO (hopManHa. 3aTeM nocie mansdmeit ne-
KaJbIMHAMKA TPWIOHOM b TpuiensHO BBIpe3ainch
¢parmMeHTsl (pOHTANBHOM Trpynmel 3y0oB. M3 3THx
(parmMeHTOB TOCTE MapadMHOBOW MPOBOAKH C TIOMO-
IO MUKPOTOMA TMOJNyYadu TOHKHE Cpe3bl, KOTOPbIe
nocine nenapagpuHU3ALMN OKPAIINBAIUCE F€éMaTOKCH-
JTMH-303MHOM U (oTorpadupoBaInch Ha MUKPOCKOTIE
Olympus BX 41.

B niepBoii rpymme KUBOTHBIX OTIPeneNsii 00pa3o-
BAaHMs KOCTHOH TKaHU allbBEOJIAPHOM JIyHKU B 3aBUCU-
MOCTHU OT CTaauii MopdoreHesa, a BO BTOpoii —pacro-
JIO)KEHHE 3a4aTKa MOCTOSHHBIX 3y00B M0 OTHOLUEHUIO
K (hOpMUPYIOLIUMCS BPEMEHHbIM.

Pezynvmameot uccaedoosanus. IlpoeneHHble uc-
cienoBaHus B craauu (hopMupoBaHus (osuukya no-
Kasaiu, 4YTO LEHTPOM €ro sBiseTcss GOopMUpYIOLIAsACs
KOpOHKa 3y0a, KoTopas npeacTaB/ieHa 3pesbIMu ame-
nobactaMu 1 3yOHBIM cocoukoM. [Tocnenunii coctont
U3 Me3eHXMMbl pa3sHoil cteneHu IudepeHUMaLUm.
CekpeTopHbIe aMesio01acThl UMEIOT LITMHIPUIECKYIO
(opMy, KOTOpasi YaCTUYHO CIUIIOLIMBAETCS B alMKab-
HOM YacTu KOpOHKH. B kopHEeBOM yuacTke oOpazyercs
netsieoOpaszHoe ['epTBUroBckoe Biaranuie. Kyrukyna
9MajieBOr0 OpraHa, KOTopas OKpY)KaeT KOPOHKY, IT0-
cTeneHHo atpodupyercs 6naronaps npoeccy cAaBIu-
BaHUsA KOCTHBIMHM Oanoukamu. B manHO ctagnm sm-
OpuoreHe3a MHMKPOCKONUYECKHM OTMEYaeTCsl U3MEHe-
HUE HaNpaBlieHNUS pACTOJIOKEHUs (QOIIMKyNa U3
opalbHOro Ha Kocoe BecTHOyhspHoe (puc.l). Dtor
MpoLecC M3MEHEHMS OpHEeHTaUMu obecreunBaeTcs
Onarofaps pa3aM4HbIM CTaAUAM OCTEOreHe3a KOCTHOM
JYHKH, KOTOpas OKpY»XkaeT KopeHb 3y0a. Tak, MUKpoO-
CKOMMYECKH YCTAHOBJIEHO, YTO C BECTUOYNAPHOM Mo-
BEPXHOCTH KOPOHKH KJIbIKA, TIO/ TIOBEPXHOCTHIO MHO-
TOCJIOWHOTO TJIOCKOTO 3MHTENH 00pa3yeTcsi COOTBET-
CTBYIOLUMII BBICTYIl — Kak MeCTO Mpope3blBaHUA
KopoHkn 3y0a. Iloxm osnurenmem pacrnosiaraeTcs
HaJKOCTHMLA Ha COOTBETCTBYIOLIEM 3Tane (popMUpo-
BaHMA. OHa MPE/ICTaBIEHO KOJUIareHOBHIMM BOJIOKHM-
CTBIMHU CTPYKTypamu M (pubpobiactamu pasHoii cre-
nean auddepenumanmn. FMiMeHHo 61aromaps HaITUIUIO
HaJKOCTHHLbI, B YIJIyOJNEHHbIX €ro yyacTkax, oopasy-
IOTCSl TeHEpaTHBHBIE CTPYKTYPbI, a 3aT€M OTPOCTKU
KOCTHBIX 0ajouek (puc. 1).
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Puc. 1. @opmuposarnue kocmmot fzymcu 6 cmaouu 3M6puoeene3a onnuxyna.
1-xkoponra gonnuxyna; 2-3y0H0tl cocouex, 3-cekpemopHvie amenodnacmol, 4-ocmamku nyionvl IMaNe8020 op-
eana; 5-303uHounvHbvle Mpabexyivl NIACMUHYAMOol Kocmu, 6-Ha0KOCmMHUYd,
7-An0CKUil MHO2OCNOUHBIN dnumenuil bez opo2osenus; §-6azopuivhvie mpabexynvl WIACMUHYAMOU KOCMUL.
Oxkpacka eemamocunun-303ut. x100.

Hamu yctaHOBIeHO, 4To mpotiecc GOpMHUpOBaHUS  MIel CTeNeH! 0CCU(PUIMPYIOTCS C BECTHOYIJISAPHOI CTO-
MyTéM MUHEepaNW3alliil W TOCIenyrommeil occurka-  POHBI, UeM C sI3BITHO#. Biraromaps sToMy mporeccy ko-
LM KOCTHBIX 0aiouek B 3yOHOM (poJuTMKysie Mpoucxo-  poHka (oJIMKyna TmpHoOpeTaeT BecTHOYJISpHOE
ITUT HEPaBHOMEPHO. DTO CBUAETENBECTBYET O TOM, YTO  HampaplieHne. J[aHHOe TOJIOKEHHE TOITBEPIKIaeTCs
TIPUJIETAOINNE K STUTEITAI0 KOCTHBIC 0aJIOYKN B MEHb-  BBIPQXEHHOW 303WHO(MIINEl TpabeKyIsIpHBIX KOCT-

HBIX CTPYKTYD (pHcC. 2).

Wt Y SR
: 7 4 - " s z

Puc. 2. (DopfwupoeaHue 303uH0¢])u/1be1x mpa6e1<y/1}1pﬁbtx KOCHIHbIX CMpPYKmMyp ¢ 6ecmu6yﬂﬂpyou CIMOPOH®I.
1-Haokocmuuya; 2-muHepanu308anHvie mpabexkynvl; 3-ocmeoonacnel;
4-KpogemaopHvle KIemKu KOCHHO020 M032d; 5- OCMAmMKU Nylbhbl SMANe8020 OP2aHd.

Oxkpacka cemamocunun-303ut. x200.

JanpHeduuii mpouecc occuUKaluy MIACTUHYATOW KOCTU MPOUCXOAUT MyTEM YTOJLIEHUA Tpabekyn u

Puc. 3. Occuqbukauu}z 9o3uyoqbwwubzx mpa6e1<ymzpybtx KOCMHbIX cmpykmyp c OpaﬂbHOM CMOopoHbl.
1-Haokocmuuypl, 2-occuduyupogannviii mpabexyivi; 3-ocmeobnacmel,
4-kposemaopHvle KIemKu KOCMHO20 MO32a;, J-0cmeoyumai.

Oxpacka cemamocunun-303ut. x200.
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CrnenyeT OTMETHUTb, YTO YBEJIMUYEHHE KOJIMUECTBA OCTEOLMTOB MPOUCXOIUT MPOMOPLMOHATIBHO MOBBILIEHUIO
O6azodmmu Beeit TkaHN. MeX Ty TpaOeKyJaMu B JIaKyHapHBIX TIPOCTPAHCTBAX OTMEYaeTcs: 00pa3oBaHUs MHUEJIO-
WJIHOM cyOCTaHIIMM, KOTOpast B JAJIbHEWIIIEM OTBEYAET 3a MPOLEecC KpOBETBOpeHHS (pHc. 4).

> B i " S % - -, -
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-

Puc. 4. Obpazosanue MuenouoHbIX KpOGEmMBOPHBIX KIEMOK 8 8U0e MUeiobi1acmos u niazMoyumos cpeou ceen-
JIOTL pemuKYISAPHOU (hopMayuu KOCMHO20 MO32d.
1-ocmeoyumvl; 2-occughuyuposannvie mpabexynoi; 3-ocmeobnacmel,; 4-KposemeopHuie KiemKi KOCHHO20
Mmozea. Oxpacka eemamocunun-303un. x200.

®DopMHpOBaHKE KPACHOTO KOCTHOTO MO3Ta M OCCH(UKAIMS ITACTHHYATOW KOCTH ¢ BECTHOYIISIPHOM CTOPOHBI
MIPOUCXOIUT MeIJICHHEE TI0 CPABHEHHUIO C S3BITHOM (pHC. 5).

Puc. 5. Obpasosarnue nnracmunyamoii Kocmu 6 cmaouu sMopuoeeHe3a Gornuxyna.
1-Haokocmuuya; 2-napanienvHulii X00 KOINA2EHO8bIX 80T0KOH; 3-KOCOU X00 KONNA2EHOBLIX OJIOKOH,
4-mpabekynei; S-nakyrnul. Okpacka no Ban I'uzony. x 100.

OOHapy»XeHo, 4TO MpH OKpacke no BaH ['M30Hy KoJulareHOBbIE BOJIOKHA OKPAIIMBAIOTCS B CBETJIO-KOPHYHE-
BbIii LIBET, @ OCHOBHOE BELIECTBO — B keNThll. HagkocTHULIA npeacTaBieHa y3K0i MONOCKOH napaiesbHbIX KO-
JITAr€HOBBIX BOJIOKOH, KOTOPbIE MMEIOT TaKoil X0/ Giaroaapsi HarpaBJIeHUI0 MUKPOCOCYI0B (puc. 6).
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Puc. 6. Cmpoenue niacmunuamoii kocmu ¢61u3u HAOKOCMHUYbI.
1-naokocmuuya; 2-5H00cm JAKYHYL; 3-303UHOQUIbHBIE BOTIOKHUCTBLE CHIPYKMYPYI;
4-okpyanvie ocmeobnacnvl, S-geimAHyMbIE OCMEOYUMbL; 6-0MPOCMKYU 0CMeobnacmos.
Oxpacka cemamoxcunun-303u. X200.

B Tosmie miacTHHYATOM KOCTHOM CTPYKTYPHI (TI01
HaJIKOCTHHILIEH) GOpMUPYIOTCS BOKPYT CBETIBIX JTAKYH
KOJUTareHOBBIE BOJIOKHA, OTUIETAIOIINE KaXIYI0 KOCT-
HYIO TITAacTHHKY. [locieiHe MMeroT Kocoe B3anMHOe
pacronoXeHne 1 Mo/ yriioM OPUEHTUPOBAHBI TIO OTHO-
[IEHUIO K HAJKOCTHHIE. THOTAAa MeX Iy MyYyKamMH BO-
JIOKOH OTIPedeNsoTCs TPOIoNroBaThle KieTku. Ilpu
0ONBIIIeM YBEIMICHUN CBETOBOTO MHUKPOCKOTIA BEISB-
JIeHbl pa3uvHble cTanun nuddepeHmanmm octeodna-
CTUYECKHUX KJIETOK.

[Nonx HamkocTHUIIEH, IpencTaBIeHHON PrOpobdIa-
CTaMU W BOJIOKHUCTHIMU CTPYKTypaMmH, pacronara-
FOTCS IPEUMYIISCTBEHHO CILTIOIIEHHOM (POPMBI OCTEO-
uuTel. OHM 00pa3ytoT KOHLEHTPUYECKUE CJIOU BOKPYT
(hopmupyromero Hnocta. [locnennuii cocrout u3 Oa-
30()UIbHOM MIIACTUHKH, KOTOPAasi OKPYKaeT MUKpPOCO-
Cynbl. D03MHO(WIbHBIE IUIACTUHKM WUMEIOT KOHIICH-
TPUYECKOE PACTIOIOKESHNE BOKPYT SHIOCTA B BUJE IJ1a-
ctuHOK. CliegyeT OTMeTUTh, UTO NapajuIeIbHO
pacrosioxeHHble MIACTUHKY NPOHU3aHbl MMyYKaMH OT-
POCTKOB OCTE€00TaCTOB.

OcreouuThl ¥ OCTEOONACTHI MNPOAYLHMPYIOT B
CBOMX OTPOCTKAX KOJUIar€HOBBIC BOJIOKHA. MIMeHHO
Onaronapst pasHoil craguu audepeHHruanuu STHX
KJIETOK 00pa3yeTcs KOHICHTPUUYECKUI X0 TUNTACTHHOK
TIACTUHYATOM KOCTH.

Boieoowvr. Ha cranuu ¢onnukyna B 3yOHOI JTyHKe
Ha0JII01amach TOHKas MOJIOCKA HaAKOCTHUIIBL, OT KOTO-
poii TMapaieNlbHO ¥ MEPHeHINKYISIPHO OTXOIWIH
KOCTHbIe 6anouku. CieayeT OTMETUTh, YTO C BECTUOY-
JIIPHO# CTOPOHBI KOCTHBIE 0aJTOUKH Oy AyIIEro aibBeo-
JISIPHOTO OTPOCTKA WHTEHCUBHO OKPALIMBAIUCH 303M-
HOM, B TO BpeMsI KaK C JITHTBJIbHOI CTOPOHBI KOCTHbIE
0a0uKM OKpAIIMBATINCh B TEMHO-(HOJIETOBBIN 1IBET
6naronapst 6a3ouinu, CBA3aHHOI € MPOLIECCOM UX OC-
cudukanuu. HepaBHOMepHas occuduKkanys KOCTHOM

TKaHU OyAyLIEro ajlbBeOJIIPHOTO OTPOCTKA C BECTUOY-
JISIPHOM W JIMHTBAJIbHOM CTOPOH (hOPMUPYIOLIMX KOCT-
HBIX 0aJlouek CrocoOCTBYET MOBOPOTY KOPOHKH 3y0a B
BECTHOYIO-ANCTATBHOM HAlpaBJIeHWH BO BPEMS €ro
MPOpPEe3bIBAHUSL.

ITpoBeneHHbIE UCCIeI0BaHUS OKA3aIH, YTO Ipo-
pe3biBaHMe 3y0a Hepa3phIBHO CBA3AHO € Mapalielb-
HBIM TIpoLieccoM (popMHUpPOBaHWEM KOCTHOW TKaHH Oy-
IyLIEero albBEOJISIPHOTO OTPOCTKA BOKPYT KaXKAOTO
3y0a W mocnenyloluM 00pa3oBaHWEM MapOAOHTAJb-
HOrO KOMILIEKCa, CIOCOOHOI0 K MOJHOLEHHOMY (DyHK-
LIMOHUPOBAHUIO.
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CLINICAL EVALUATION OF THE EFFICIENCY OF EXTRACORPOREAL SHOCKWAVE
THERAPY AS A METHOD OF NONOPERATIVE STIMULATION OF REPARATIVE
OSTEOGENESIS FOR FRACTURE-HEALING COMPLICATIONS

Kotnvimuiox J1. O.

Acnupanm kageopuvl opmoneduu u mpagmMamonocuu
Hayuonanvnerii meduyurckuii ynusepcumem um. Iupozosa,
Bunnuya

KJIMHUYECKAS OLIEHKA 3®®EKTUBHOCTHU SKCTPAKOPIIOPAJILHOM IIOKOBOWM
TEPAIIUU KAK METO/] HEOITEPATUBHOMW CTUMYJISALIMU PEITAPATUBHOT' O
OCTEOT'EHE3A JJI1 OCOBEHHOCTEM K JJEUEHUIO HA TPYBAX

Summary. The results of treatment of 67 patients with fracture-healing complications of tubular bones were
analyzed. Among the examined patients, 2 groups were formed - the study group was 36 (53.73%) patients and
the control group, which included 31 (46.27%) patients. Surgical methods for treatment were used for the patients
in the control group. In the study group, patients were given stimulation of the healing processes by applying a
course of focused shockwave therapy. The results of the treatment were evaluated with the use of the Neer-Gran-
tham-Shelton scale. The probability of an error-free prognosis was set at p<0.05. Statistica 10 was used for statis-
tical processing of materials. There was no reliable difference in comparison of the total results of treatment in the
remote period among patients of both groups. The patients in the study group showed better indicators that char-
acterized the anatomical shortening of the segment (p=0.002) and an earlier recovery (p=0.00002). So, long-term
results of the use of extracorporeal shockwave therapy did not differ significantly from the results of surgical
treatment, which suggests using this method as an alternative treatment option for fracture healing disorders. Com-
plete healing was achieved in 23 (74.19 %) patients in the control group and in 23 (63.89 %) patients in the study
group.

Key words: fracture healing disorders, delayed union, nonunion, nonoperative stimulation of osteogenesis,

reparative osteogenesis.

Formulation of the problem. The frequency of
fracture healing disorders in the form of delayed union
and nonunion reaches 12.5 — 26.0% in the structure of
general disability of the victims of mechanical trauma
[4, 7]. In recent years, the growth of disability due to
injuries and an increase in the timing of fracture union
is noted in a third of cases [4]. The problem of fracture-
healing complications is associated with high socioec-
onomic costs, low efficiency of expensive treatment,
long-term rehabilitation and a high proportion of unsat-
isfactory treatment outcomes, which reaches 33% [4].
Due to the low efficacy of long-term treatment and the
high proportion of unsatisfactory results of the surgical
techniques for fracture healing complications, the prob-
lem of finding of nonoperative stimulation methods of
osteogenesis needs further investigation.

Analysis of recent research and publications.
The problem nonoperative stimulation by using extra-
corporeal shockwave therapy as a method of treatment
for fracture-healing disorders interest many scientists.
Since the technique is noninvasive, it is not associated
with the risks of surgical intervention and is not expen-
sive compared with surgical techniques. In the Schaden
et al. study 85% of successful treatment outcomes in
115 patients with delayed union and nonunion were
identified. Valchanou et al reported of 85.4 % of bone
union in 82 cases of fracture-healing complications at
various locations. Vogel managed to achieve fracture
healing in 60.4% of patients with pseudoarthrosis.
Schleberger and Senge in their study showed successful
fracture healing in three of four nonunion [5, 6, 9]. For

a long time, the gold standard in the treatment of frac-
ture healing disorders was the surgical stabilization of
bone fragments by methods of internal or external os-
teosynthesis with the additional use of bone grafts as
stimulators of osteogenesis [6]. However, the use of
these techniques is often accompanied by the formation
of prolonged local pain syndrome, paresthesia in the
area of damage, nonunion and the infection complica-
tions [5, 6, 9]. Significant achievements in the field of
bioorthopaedia extend the perception of the biological
preconditions for the formation of fracture-healing
complications and bring the problem into a number of
relevant ones that require further study [3, 4].

Choice of previously unsolved parts of a com-
mon problem. The main pathogenetic factor in the for-
mation of disorders of reparative osteogenesis is dam-
age to cellular regeneration programs that are relevant
for the formation of bone tissue in sufficient volume to
fill the defect. Therefore, the consideration of biologi-
cal processes should be the basis for a differentiated ap-
proach to choosing a conservative or surgical treatment
method in case of fracture-healing complications. Thus,
a differentiated approach to the choice of treatment tac-
tics in case of bone fractures disturbances, taking into
account the biological processes of osteogenesis, will
improve the results of treatment of patients with oste-
oreparation disorders.

The aim of the article. To evaluate the efficiency
of nonoperative stimulation of reparative osteogenesis
by using extracorporeal shockwave therapy for frac-
tures-healing complications of tubular bones.
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The presentation of the main material.

Materials and methods. To carry out the study, a
calculation of the required volume of the sample was
carried out. The null hypothesis of the study was that
there was no significant difference between the results
of surgical treatment and the use of a conservative
method for stimulating osteogenesis in patients with
fracture-healing complications. The results of surgical
treatment were evaluated at 55 points as satisfactory,
and the results of conservative stimulation of patients -
for 70 points as good. The standard error was 20 points.
Power 0.9, error of the first kind 0.05. Thus, the re-
quired sample size to establish a significant difference
between the treatment outcomes in both groups was 46
patients. Taking into account the response of patients in
70%, the required sample size was 66 patients. The re-
sults of treatment of 67 patients with fracture-healing
complications of tubular bones treated at the Depart-
ment of Traumatology and Orthopedics of National Pi-
rogov Memorial Medical University, Vinnytsya during
the period from 2013 to 2017 were analyzed. The sur-
veyed group included 44 (65.67%) men and 23
(34.33%) women, with an average age of 49.67+16.32
years. The vast majority of 42 (62.69%) were able-bod-
ied persons. Among the examined patients, 2 groups
were formed - the study group was 36 (53.73%) pa-
tients and the control group, which included 31
(46.27%) patients. Surgical methods for treatment were
used for the patients in the control group. In the study
group, patients were given conservative stimulation of
the healing processes by applying a course of focused
shockwave therapy. The results of the treatment were
evaluated with the use of the Neer-Grantham-Shelton
(1967) scale in the modification of D. Cherkes-Zade,

M. Monesi, A. Causero, M. Marcolini (2003). The eval-
uation of the results was carried out at the initial treat-
ment and in the distant period (2.56+0.47 years). For
the use of extracorporeal shockwave therapy, the Swiss
DolorClast apparatus was used. The procedures were
carried out at intervals of 5-6 days, the course of treat-
ment consisted of 4-7 procedures, taking into account
the anatomical localization of the damage. The shock
frequency corresponded to 10-15 Hz, the working pres-
sure was 3.5-4.0 bar, the head R 15. The total number
of hits per damage section in one procedure was 3500-
4000 strokes. The distribution of the studied sample ac-
cording to Kolmagorov-Smirnov’s test significantly
differed from normal (p<0.05). To estimate the proba-
bility of a non-error prediction, a non-parametric
Mann-Whitney U-test was used to compare two inde-
pendent groups. The obtained results are presented in
the form of an average arithmetic mean square devia-
tion (M + SD). The probability of an error-free progno-
sis was set at p<0.05, and Statistica 10 was used for sta-
tistical processing of materials.

Results. The mean results were recorded at the in-
itial treatment in the patients in the study group
39.17+8.41 points and in the patients in the control
group 38.55+7.09 were evaluated as satisfactory. The
vast majority of patients in the study group 34 (94.44%)
and 29 (93.55%) patients in the control group had sat-
isfactory results. Unstable results were found in 2
(6.45%) patients in the control group and in 2 (5.56%)
patients in the study group. No patient from both groups
has a good result.

When comparing the results of treatment obtained
in the initial treatment, a significant difference was not
established for all the definite parameters between the
groups under study (Table 1).

Tab. 1

Comparative characteristics of primary results of treatment of patients in the study and control groups

Characteristics SEK/?}; gSr](;;p C(Erli;[[ril Sg]go)up p
Total results, scores 39.17+8.41 38.55+7.09 0.8
Pain syndrome, scores 6.67+4.31 5.81+3.67 0.33
Shortening of the segment, scores 10.56+2.61 10.97+2.39 0.53
Restriction of volume of movements, scores 8.75+2.2 8.55+2.31 0.72
Radiological signs, scores 3.89+4.8 4.35+4.79 0.67
Performance, scores 9.31+1.75 9.03+£2.01 0.56

*Note. There is no statistically significant difference between the investigated parameters (p>0.05).

Pain syndrome was present in 35 (97.22 %) pa-
tients in the study group and in all patients in the control
group. In patients of the study group, in the majority of
patients, 18 (50.0 %) had moderate pain and did not re-
quire pain medication, 9 (25.0 %) characterized their
pain syndrome, which disappeared after rest. In 8
(22.22 %) patients, the nature of the pain syndrome re-
quired the use of analgesics. In the control group, most
people 14 (45.16 %) needed rest to reduce the intensity
of pain, 11 (35.48 %) patients had moderate pain that
did not require pain medication, and 6 (19.35 %) pa-
tients had the need for analgesics. The absence of ana-
tomical shortening of the segment was established in 7
(19.45 %) patients in the study group and 7 (22.58 %)
in the control group. In the vast majority of subjects in
the study group - 26 (72.22 %) and control groups 23
(74.19 %) — a shortening to 2 cm was found. A short-
ening of 2-4 cm was found in 3 (8.33 %) patients in the

study group and 1 (3.23 %) of the control group patient.
All patients have signs of limitation of movement. In
the vast majority of subjects in the study group 27 (75.0
%) and control 22 (70.97 %), moderate contracture did
not influence the function, in 9 (25.0 %) persons from
the study group and 9 (29.03 %) of persons from the
control group found a pronounced contracture that vio-
lated the function. Evaluating X-ray data, complete un-
ion was not established in any patient from both groups.
The delayed union was established in 13 (36.11 %) pa-
tients in the study group and 12 (38.71 %) in the control
group. Malunion was founded in 2 (5.56 %) patients in
the study group and in 3 (9.68 %) patients in the control
group. The presence of nonunion was recorded in 21
(58.33 %) subjects from the study group and in 16
(51.61 %) of the control group. Totally disabled per-
sons were not detected in the examined patients. The
vast majority of patients - 31 (86.11 %) patients from
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the study group and 25 (80.65 %) of the control group
were transferred to lighter working conditions. The
presence of the third group of disability was established
in 6 (19.35 %) patients in the study group and in 5
(13.89 %) patients in the control group.

In the remote period, in patients of the study
group, good results were observed in 18 (50.0 %) pa-
tients, and satisfactory results - in 18 (50.0 %). Among

patients in the control group, good results were found
in 8 (25.81 %) patients, and in 23 (74.2 %) - the results
were evaluated as satisfactory. Unsatisfactory results of
treatment in patients of both groups were not estab-
lished. There is no reliable difference in comparison of
the total results of treatment in the remote period among
patients of both groups (Table 2).

Table 2

Comparative characteristics of long-term results of treatment of patients in the study and control groups

Characteristics S?K/c[lyigsr](:))l;p C(gg[ril ég]go)up p
Total results, scores 59.58+16.66 56.77+9.45 0.16
Pain syndrome, scores 12.924+3.46 11.45+3.21 0.03*
Shortening of the segment, scores 12.64+2.8 10.81+2.61 0.007*
Restriction of volume of movements, scores 11.67+2.67 11.77+£2.75 0.86
Radiological signs, scores 10.14+6.49 12.1+5.13 0.19
Performance, scores 12.224+3.47 10.32+3.4 0.02*

*Note. A significant difference was found when comparing the investigated parameters with p<0.05.

In the remote postoperative period, the vast major-
ity of patients in the study group 25 (80.65 %) noted the
absence of pain syndrome, in 7 (19.44 %) patients in
this group, moderate pain was observed that did not re-
quire pain relief and the pain that had disappeared after
rest was established in 4 (11.11 %) patients. In the vast
majority of patients in the control group, 16 (51.61 %)
had moderate pain, which occurred independently
without medication, 12 (38.71 %) patients had no pain
syndrome, and 3 (9.68 %) - needed rest to reduce the
intensity. When comparing the severity of pain in the
distant period, its intensity was significantly lower in
the patients of the study group (p=0.03). The absence
of anatomical shortening of the segment was recorded
in 20 (55.55 %) patients in the study group and in 7
(22.58 %) patients in the control group. In the vast ma-
jority of patients in the control group, 22 (70.97 %) and
15 (41.65 %) patients in the study group had shorten-
ings to 2 cm, a shortening of 2-4 cm was recorded in 1
(2.78 %) patient in the study group and in 2 (6.45 %)
patients in the control group. When comparing the an-
atomical shortening of the segment in the patients of the
study group, the best results of the anatomical length
were saved, compared with the similar data of the con-
trol group (p=0.007). Complete movements were estab-
lished in 13 (36.11 %) patients in the study group and
in 7 (22.58 %) patients in the control group. The vast
majority of patients in both groups 22 (61.11 %) from
the study group and 22 (70.97 %) of the control group
had moderate contractures that did not affect the func-

tion of the limb. The expressed contracture which lim-
ited movements, was established in 1 (2.78 %) patients
in the study group and 2 (6.45 %) in the control group.
There was no statistically significant difference be-
tween the indices characterizing the volume of move-
ments in the patients of the study group and the control
group (p=0.86). X-ray signs of healing were established
in 22 (61.11 %) patients in the study group and in 23
(74.2 %) in the control group. Malunion was found in 1
(2.78 %) patient in the study group. The delayed union
was established in 5 (13.89 %) patients in the study
group and in 6 (19.35 %) patients in the control group.
The nonunion was in 8 (22.22 %) patients in the study
group and 2 (6.45 %) in the control group. Patients in
both groups did not establish a reliable difference be-
tween the radiographic parameters (p=0.19). Disabled
persons among the examined patients were not estab-
lished. The vast majority of people in the study group -
20 (55.56 %) returned to the previous job and only 8
(25.81 %) people from the control group. 12 (33.33 %)
patients in the study group and 17 (54.84 %) in the con-
trol group transferred to lighter working conditions.
The third group of disability was present in4 (11.11 %)
persons of the study group and in 6 (19.35 %) of the
control group. Patients in the study group had signifi-
cantly higher results in terms of performance (p=0.02).
When comparing the total treatment results in pa-
tients in the control group, a significant difference was
found between the rates recorded in the primary treat-

ment and in the distant period (p<0.00001) (Table 3).
Table 3

Comparative characteristics of the primary outcome of treatment and the results of the remote period of

the control group patients

Characteristics Primary results Distant results p
(M =+ SD) (M + SD)
Total results, scores 38.55+7.09 56.77+9.45 <0.00001*
Pain syndrome, scores 5.81£3.67 11.45+3.21 <0.00001*
Shortening of the segment, scores 10.97+2.39 10.81£2.61 0.84
Restriction of volume of movements, scores 8.554+2.31 11.77£2.75 0.00002*
Radiological signs, scores 4.35+4.79 12.1+5.13 <0.00001*
Performance, scores 9.03+£2.01 10.32+3.4 0.089

*Note. The difference between the investigated parameters is statistically significant at p<0.05.
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In patients of the control group, the best results of
the treatment in the distant period according to the in-
dicators of the severity of pain (p<0.00001), the re-
striction of movements (p=0.00002) and the radiologi-
cal changes (p<0.00001) were compared with the simi-
lar indices determined during the initial treatment.

Patients in the study group showed a significant
difference between the indicators of pain syndrome

(p<0.00001), the degree of anatomical shortening
(p=0.0017), restriction of the movements (p=0.00001),
radiological signs (p=0.00001), the degree of perfor-
mance (p=0.00002) and the total results (p=0.000002)
recorded during the initial treatment and in the remote
period (Table 4).

Table 4

The comparative characteristics of the primary outcome of treatment and the results of the long-term pe-

riod of the patients in the study group

Characteristics PHEK;IHZ gesl)llts Dl(sltzni rSeIS)I;Its p
Total results, scores 39.17+8.41 59.58+16.66 0.000002*
Pain syndrome, scores 6.67+4.31 12.92+3.46 <0.00001
Shortening of the segment, scores 10.56+2.61 12.64+2.8 0.002*
Restriction of volume of movements, scores 8.75+£2.2 11.67+2.67 0.00001%*
Radiological signs, scores 3.89+4.8 10.14+6.49 0.00001*
Performance, scores 9.31+1.75 12.224+3 .47 0.00002*

*Note. The difference between the investigated parameters is statistically significant at p<0.05.

In contrast to patients in the control group, the pa-
tients in the study group showed the best indicators that
characterized the anatomical shortening of the segment
(p=0.002), since using the conservative method of stim-
ulation of osteogenesis did not show the excision of the
scar tissue and treatment of the ends of the debris,
which led to shortening of the segment. Patients in the
study group experienced an earlier recovery
(p=0.00002), which was associated with a shorter pe-
riod of treatment and recovery compared with the pa-
tients undergoing repeated surgical treatment.

Conclusions and propositions. Thus, the effi-
ciency of conservative stimulation of osteogenesis in
the treatment of fracture-healing complications was
63.89 %. Complete healing was achieved in 23 (74.19
%) patients in the control group and in 23 (63.89 %)
patients in the study group. Long-term results of the use
of extracorporeal shockwave therapy did not differ sig-
nificantly from the results of surgical treatment, which
suggests using this method as an alternative treatment
option for fracture healing disorders. In addition, the
patients in the study group established significantly bet-
ter indicators that characterized the presence of ana-
tomical shortening of the segment and restoration of
working capacity, which positively influenced the du-
ration of treatment and rehabilitation of patients with
fracture-healing complications.
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