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BOCIIAJIEHUSI 1 PENAPATUBHOM PETEHEPAIIMA KOCTHOM
TKAHHN Y HAHMEHTOB C 3AKPBITBIMU TIUADPU3APHBIMHA
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Beseoenue. Hapywenue npoyeccoé ocmeopenapayuu KOCMHOU MKAHU U YCULEHUE BOCNATUMENbHOU Pearyull 6 00-
Jacmu nepeioma 6edem K HeCpaeHuIo U 3SHaAUUmeIbHOMY 3amMe0NeHUI0 PYHKYUOHATbHOZ0 80CCIAHOGIEHUS. NOBPe-
JHCOEHHOU KOHEYHOCMU, YMO YXyOoulaem npocHo3 Ha 8bI300POsIIeHUe, NOBLIUAEI PUCK UHBATUOUZAYUU NAYUEHIMOS.

Lenv uccreoosanus. Oyenums Cbl8OPOMOUHBIU YPOBEHb MAPKEPO8 GOCNANCHUS U PenapamusHoll peceHepayuu
KOCMHOU MKAHU Y NAYUEHMO8 C 3aKPbIMbIMU OUADUIAPHBIMU Nepeiomamu D0buedepyo8ol KOCMUL 6 YCI0GUSX Me-
Mabonuueckoll mepanuu, GKII0YAOuell KOMNIeKC 2unepoapuieckol KUCI0poOHOU mepanuu U aHmMuoOKCUOanma (Yu-
mognasun).

Mamepuan u memoowt. ¥ 110 nayuenmos ¢ 3akpbimoimu OUAQU3APHIMU NEPeromMamu 60abLuedepyo6oll Kocmu
OvLu uzyyenvl cnedyiowue nokazamenu: C-peaxmugnblil Oei0K, NPOKATbYUMOHUH, KOCMHASL Welounas gocghamasa,
ocmeoxanvyut, PINP, kanvyuii, pocgop. Bee nayuenmor Oviiu pazoenernvt Ha 2 epynnsl UCCIe008aHUs: NEPEYIO ePYh-
ny (cpagnenus) cocmagunu 45 uenosex, KOmopviM 6 paHHeM NOCLeONePayUOHHOM NePuode RPOSOOUU CIMAHOAPIHOE
Jledenue; 80 GMOpPYIo epynny (OCHOBHYIO) ObLIO GKIIOYEHO 65 Uy, Y KOMOPLIX CMAHOAPMHAsL CXeMd ieyenus Oblid
O0ONOIHEeHA KOMNLEKCOM AHMUOKCUOAHMHOU (8HympuseHnble ungysuu yumogaasuna Ne 10—15) u eunepbapuueckoii
Kuciopoonou mepanuu (ceancvl no 55 mun npu 1,0—1,8 ATA, Ne 10-15).

Pesynvmamoi. Ananuz Ounamuxu ypogHeti 0CmMeoMapKepos NPoOeMOHCIMPUPOSAT CHUMYISAYUIO Penapamue-
H020 OCMe02enes3a, Ymo Xapakmepu3o8aioch CHUICEHUEM YPOSHS UOHO8 Kalbyus U Gocghopa 6 cbleopomke Kposu
6 CPABHEHUU KAK ¢ UCXOOHbIM YPOGHEM, MAK U OAHHLIMU 6 2PYNNne CPAGHeHuUsl, nosvluleHuem cooepicanus PINP do
186,0 (174,0, 196,5) ne/mn npomus nauanvroeo 167,0 (115,0; 181,1) ne/mn (p=0,012), axmusuzayueii KocCmHozo u3o-
(epmenma wenounoi ochamasvl u cunepIKcnpeccuelt OCMeoKaIbYURd, Ompancaowezo 0CmeooIacmuyeckylo aK-
MUBHOCMb, HA (hoHe nadenus yposHell mapkepos socnanenusi C-peakmuerozo beixka u npoKaIbYumoHuHaA.

Bui6oowl. [Iposedenue KomniekcHou Memaboauyeckol mepanuu NPUBeio K KOppeKyuy 60CHAIUMENbHO20 CUHOPO-
MA U CIUMYTISIYUU PEnapamueHo20 OCHe02eHe3d 8 30He nepeiloma 6oIbuUebepyo8otl KOC.

Kniouesvie cnosa: memabonuueckas mepantis, 60CRAIUMENbHbIL CUHOPOM, OCIMEOMAPKePbl, PENAPAMUGHAs pe2e-
Hepayusl, ouagpusaphvle neperomvl, 6OILUEOEPYOBASL KOCb, 3AKPbIMbLE NEPETOMb]

Jna yumuposanun: Banvrosuu, I1. D. Brusnue memabonuueckol mepanuu Ha Mapkepvl 60CHAIEHUS U PENAPAMUGHOU pPe-
2eHepayuy KOCMHOU MKAHU Y NAYUEHMO8 C 3aKpblmblMu OuagduzapHuimu nepeiomamu ooaviuedepyosoil kocmu / I1. O. Bawb-
xoeuy // JKypnan I'poonencrozo eocyoapcmeennozo meouyunckoeo ynueepcumema. 2025. T. 23, Ne 3. C. 233-238. https://doi.

org/10.25298/2221-8785-2025-23-3-233-238

Beeoenue

B HacTosmee Bpems cpeu MoBpexkISHUH onop-
HO-JIBUTATEIPHOTO almapara IeperoMbl KOCTeH
TOJICHH COCTAaBJISIOT TIO0 JAaHHBIM psia aBTOPOB
ot 18 10 38% oT 00IIero uncia nepesioMoB BCexX
Jokanu3anui [1].

3aKphIThIC MEPENOMBI OONBIICOEPIIOBOM KOCTH
COTIPOBOX/IAIOTCS CIIEAYIONUMHI BHIAMH  OCIIOXK-
HEHUI: HecpallleHUEM M 3aMeJIJICHHOHW KOHCOJIH-
Jlalyeil, JIOKHbIMU cycTtaBaMu. [Ipu mosiBneHuu
OCJIO)KHEHHUI HEpPEeJKO TpeOyeTCs MPOA0KUTEIIb-
HOE JICKAPCTBEHHOE COMPOBOXKIICHUE, MOBTOPHBIC
omepaly U JUIUTENbHAS peadMIuTAIlHsI, YTO 3Ha-
YUTEIHHO 3aJepKUBaeT (YHKIIMOHAIEHOE BOCCTa-
HOBJICHUE MTOBPEKICHHON KOHEYHOCTH U YXY/IIIaeT
MIPOTHO3 Ha BBI3IOPOBIICHNE, TIOBHITIIACT NHBANIH-
3aI{I0 MaIUeHToB [2].

PenapaTuBHBII OCTEOreHE3 — 3TO MHOTOKOMIIO-
HEHTHBIN Mpoliecc, OCHOBHBIMH 3TallaMU KOTOPOTO
SBIIIIOTCS Bocmanenue, auddepeHmpoBKa KIeToK
n (popMHpOBaHHE TKAHECTIEITU(PUIECKUX CTPYKTYP
B 00J1acTu TpaBMBI, Iposndepartus, pe3opoItus mo-
rudIeil TkaHu U 00pa3oBaHUE KOCTH C ee peMo/ie-
JUpoBaHUeM, (pOpMHUpPOBaHUE OPraHUYECKOTO BHE-
KJICTOUHOT'O MaTPUKCa U €ro MuHepanu3amus [3].

JKypnuan ['poiHEHCKOTO TOCYAapCTBEHHOTO MEAMIIMHCKOTO YHUBEpcuTeTa, ToMm 23, No 3, 2025

PenapatuBHas pereHepanus KOCTH PETYIHPY-
€TCS MHOT'OYMCJICHHBIMH TMOJM()AKTOPHBIMH CHT-
HaJlaMH, peaqn3yIolUMICS Ha CUCTEMHOM YPOBHE
MIOCPEJICTBOM HEHUPOryMOPAIbHBIX MEXaHU3MOB, U
MECTHO Ha YPOBHE MHUKPOOKPYKCHHUS, MPECTaB-
JIEHHOTO AKCTPAEILTIOISIPHBIM MaTpukcoM (D1[M).
K 0CHOBHBIM JTIOKQJIEHBIM PETYIISATOPHBIM (pakTopam
OCTEOpEereHepanuyu OTHOCST CIeAyIoNe OMOIOoTH-
YECKU aKTHBHBIE META0OIMTHI KOCTHON TKaHH [4]:
OCTeOKaJblMH, WOHBI (ochopa u Kambuus, dep-
MEHTHI (KOCTHas mienouHasi ocdarasza wim ocTa-
3a (BALP)), MmaTpukcHble OenKku (KOJIAreHbl H UX
JepuBaThl (KapOOKCHTEpMUHAIBHBIC IPOIEHITHIBI
(PICP) u N-mporrenitia (P1NP) npoxosmnarena-1),
(UOPOHEKTHH, JTAMUHHH, JJIaCTHH), TIHUKOMPOTEH-
HbI ¥ nonucaxapuasl JI[M. @opmupoBanue ocre-
onja octeo0IacTaMy OTPaXKaeTcsl MPEKIEC BCEro B
skcnipeccuu BALP, ocreokanbuuna u PINP.

Hayunbiii monck MapkepoB MeTaboIm3Ma KOCT-
HOW TKaHW 3a rnocieaane 20 JIeT MpUBeN K OTKPHI-
THIO ¥ BHEAPEHUIO IIUPOKOTO CIEKTPa OMOXHUMH-
YECKUX TI0Ka3aTesel B HAy4YHBIC HCCIEIOBAHUS U
KIIMHAYECKYIO0 TPakTuKky [2, 5]. K HuMm B mepByio
ouepelb CIeayeT OTHECTH MapKephl KOcTeoOpa3o-
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BaHUs, CHHTE3WpyeMble octeoOmactamu — PINP,
PICP, ocrteoxampumia u BALP. JlocTomHCTBOM
OTIPENICTICHUSI ITHX OCTEOMApKEPOB SBISCTCS JO-
CTYITHOCTB B3STHS 00Pa3I0B KPOBU U MPOBEIACHUS
aHaJIn3a B YUPEKICHUAX 3IPABOOXPAHCHUS HA pas3-
JUYHBIX YPOBHSX, MX BBICOKas JIHArHOCTUYECKas
3HaYMMOCTh TIPU OIEHKE METa0OJMIECKON aKTHB-
HOCTH KOCTHOW TKaHW W MOHHUTOpHHTE d(h(PEeKTHB-
HOCTH JieueHus [3, 6].

Takum o00pa3om, HaydyHble pe3ynbTaThl (yH-
JIAMCHTAIbHBIX M TMPUKIAIHBIX UCCICAOBaHUM,
MOCBSIIIIEHHBIX HM3YYSHHUIO PEreHepaTOpHBIX peak-
IIMH KOCTHOM TKaHW HA WCKYCCTBEHHBIE CTHMYJIBI,
JIEMOHCTPHUPYIOT, YTO KOCTBH MPEJNICTAaBIAET cO00it
CJIOKHYIO U JHHAMHYHYIO CHCTEMY, B KOTOPOU pas-
JINYHBIC OMOJIOTUYECKHE MPOIIECChI U CTPYKTYPHBIC
XapaKTePUCTUKH UTPAIOT B3aUMOJOMOIHSIOUIYIO
PO B YCIICIIHOM pereHepaluu W TOAJEPKaHUuN
(YHKIIMOHUPOBAHUS BOCCTAHOBJIICHHOTO OpraHa.
CoBpeMeHHbIE HAay4HbIE 3HAHUS O CTPYKTYPHOIA,
Oonodu3nyeckoll U OMOXUMHUYECKOH POJIM KOMIIO-
HeHTOB DL[M, uX mepeKkpecTHhIX peaklusix ¢ MH-
HepanooOpa3yrIuMu (pakTopaMu, UIMMYHOKOMIIE-
TEHTHBIMU H YHJIOTEITUAIEHBIMH KJICTKAMHU SBUJINCH
OCHOBOM 1T pa3paboTKH COBPEMEHHBIX CTPaTETHHA,
HaIpaBJICHHBIX Ha d((HEKTHBHYIO pEreHEePaIlnio KO-
ctu [4, 7]. HecMoTpst Ha BceCcTOpOHHEE MOHUMAHUE
KIIFOYCBBIX aCMEKTOB (DU3MOJIOTMU KOCTHOW TKaHH,
410 cTayo (hyHIAaMEHTOM co3aaHus 3()(eKTHBHBIX
METOJIOB JICUSHHs B TPOILIOM, PsiI BOIIPOCOB BCE
€I1Ie OCTAETCs HEAOCTATOYHO PACKPBITHIM. JTO CO3-
JTAeT TPEATIOCHUIKH /ISl TIOUCKa W pa3pabOTKH HO-
BBIX TEPANICBTUUCCKUX UHCTPYMEHTOB JJIs yITyHIIle-
HUS PEreHEPaTOPHOM CIIOCOOHOCTH MOBPEKACHHON
KOCTH.

3anaveil JAHHOTO HCCIEOBAHHS SBHUJIOCH H3Y-
YeHHUE BIHMSTHUS MeTaOoImueckol Tepanmuu (THIep-
Oapuueckoit kuciopoguoit Tepammu (I'bKT) u an-
THOKCHJIaHTa IIUTO()IaBHHA) HA BOCIAJICHUE U CKO-
pOCTbh penapaTUBHOW pereHepauud KOCTHOW TKaHU
B CPaBHCHUU C TPAJAUIMOHHBIM JICYCHUEM IMAaLUCH-
TOB C 3aKPBITBIMU TEpeIoMaMu OO0JNbIIeOepIoBOit
KOCTH.

ILenv uccnedosanus — OUEHUTH CHIBOPOTOUHBIMN
YPOBEHb MapKEepOB BOCHAICHHUS W PEHapaTUBHOU
pere’epanuy KOCTHOU TKaHU Y TAIIUEHTOB C 3aKPhI-
ThIMH JuadU3apHBIMU MepesioMaMu 0oJibIeOepiio-
BOH KOCTH B YCJIOBHSAX METa0OIUYECKON Teparu,
Bmrovaroniet kommuieke I'BKT u anTHOKCHIaHTa
(muTodmaBun).

Mamepuan u memoont

C oxTs10pst 2021 o nexadbpr 2023 rona 6bu1H 00-
cJe10BaHbI U npoJieuensl 110 mauueHToB ¢ JuarHo-
30M «3aKpBITBIA TpaBMAaTHUECKHHA nradu3apHBIH
mepesioM OOJBITIEOEPIIOBON KOCTH CO CMEIICHUEM
OTJIOMKOB». Habop mMmanueHTOB B HCCIICIOBAHUE
MPOBOAMJICS Ha Oa3ze MHHCKON 00JIACTHOW KIIMHU-
yeckorr OonpHHIBI (MOKB) B TpaBmaronoro-op-
toneauueckux oraeneHusx Ne 1, No 2 u TpaBmato-
JIOTUYECKOM THOMHOM OTHeieHUH. Bce manueHTs
ObUTH pa3/ieieHbl Ha J[BE TPYMIBlI WCCIIETOBAHMA,
KOTOpBIE OBUTH COMOCTaBUMBI IO TEHICPHO-BO3-
pacTHOMY cocraBy (Tabi. 1).
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Tabnuya 1 — PacrnpeneneHue MalUEHTOB IO
rpynmnam
Table 1 — Distribution of patients into groups
I'pynma I'pynma
CpaBHCHUA, OCHOBHasl,
n=45 n=65
KonnuectBo MYK. 32 39
ITIAaITMEHTOB KCH. 13 2%
Cpennuii Bo3pact 39,89+12,39 40,78+12,18

B rpynme cpaBHeHHSs TallMEHTaM B PaHHEM IO-
CJICONEPAIMOHHOM MEPHO/Ee TPOBOJIMWIN Tpau-
MOHHYIO KOHCEPBAaTHBHYIO TEpPAIHI0 COTJIACHO
MPOTOKOJY; B OCHOBHOH rpyrmme Ha (oHe Tpaju-
[IMOHHOW Tepamnuy MPOBOAMIN Kypc MeTabosmde-
CKOH Tepamuu, KOTOPBIA BKIIOYA B ceOsT €KeTHEB-
ueie ceanchl ' BKT (50-55 mun npu 1,0-1,8 ATA,
Ne 10-15 u BHyTpHBEeHHBIC HHPY3UU pacTBOpa IH-
todnasuna Ne 10-15).

Kputepusimu BKIIOUEHHS TIAIIIEHTOB B HCCIIE-
JIOBaHWE OBUIA CIIEAYIONIHE: 3aKpBITHINA nuadu-
3apHBIM CErMEHTAPHBIA WM MHOTOOCKOJbYATHIN
MepesIoM KOCTEH TOJIeHH, MeperoMbl Oojbiedep-
IIOBOM KOCTH, BO3pacT Oosiee 16 jeT, KIMHUYECKU
YJOBJICTBOPHUTEIbHOE 0OIee COCTOSIHUE; J00po-
BOJIbHOE HH(DOPMHUPOBAHHOE COTJIACHE Ha MTPOBEJIe-
HUE KIMHUYECKOW W J1a0OpaTOpPHON JHArHOCTHKH,
XUPYpPTrHUECKOTO JieueHus. Baarue xpoBu mms na-
00paTopHOTO HCCIEOBAaHHUS CHIBOPOTOYHOTO CO-
nepskanust MapkepoB BocmanieHus (C-peakTUBHBIN
6enok (CPB), mpokanbIIMTOHUH) U OCTEOpEereHepa-
uu (P1NP, ocreoxansuun, BALP, nonst ¢ocdopa
Y MarHus) MPOBOJMIIN B | CYTKH TOCTIMTATH3AIAN
JI0 JedyeHus, Ha 5—7 u 15 CcyTKu rocnuranu3aiuu.
Taxke B 9T CPOKM HAOIIOJCHUSI OICHUBAIN HH-
TEHCHBHOCTH OOJIEBOTO CHHJpPOMA 10 BU3yaJbHO-
anayioroBoii mkaie (BAIL).

CTaTUCTHUYECKUH aHaNu3 TOJYYSHHBIX JaH-
HBIX TIPOBOJWJIA C TIOMOIIBIO  MPOTPaMMBI
Statistica v10.0. IIpoBepky YHCIOBBIX 3HAUCHHIA
Ha HOPMAJbHOCTh PACHpPECIICHUS TPOBOIUIN
¢ noMouipro kpurepus Hlanupo-Yunka. IIpu pac-
NpeeseHnH, OTIMYHOM OT HOPMAJIbHOTO, JaHHBIE
MIPEJICTABIISIN B BUe Meauanbl (Me) u uHTepBaia
Mexay 25 u 75-m npouentmisiMu (Me (25-75%)).
Jns ananu3za pa3nuuuii B ABYX rpynmax o KoJiu-
YeCTBEHHOMY IapameTpy ucmoib3oBanu U-kpute-
puii MaHHa-YUTHU JUIsl HE3aBUCUMBIX IOATPYIIIL,
KpuTepuil BuiikokcoHa Ajsi 3aBUCUMBIX TOATPYIIIL.
CTaTUCTHYECKH 3HAYMMBIMH SIBJSUIMCH Pa3IUYHUs
pu p<0,05 HE3aBUCUMO OT METOJa IPUMEHSIEMOTO
aHanm3a.

Peszynomamul u oocysycoenue

B Tabnuue 2 mpencraBieHO colepKaHUe Map-
KEpPOB KOCTHOTO METa0O0JIM3Ma B CHIBOPOTKE KPOBU
MAaIlMEHTOB OCHOBHO I'PYIIIBI U TPYIIIbl CPAaBHEHUS
B IMHAMMKE HCCIICIOBAHUS.
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Tabnuya 2 — Conepxanne MapKepoB KOCTHOTO METa0OJM3Ma B CHIBOPOTKE KPOBH MAIIMEHTOB OCHOBHOM
TPYyTIBI ¥ TPYTIBI CPABHEHUS B TUHAMHKE HCCIIEIOBaHU
Table 2 — The serum content of bone metabolism markers of patients in the main group and comparison group in the

dynamics of the study

I'pynma I'pynma I'pynma I'pynma I'pynma
I'pynma ocHoBHas,
CpaBHEHU, OCHOBHas, CpaBHEHUS, CpaBHEHWUS, OCHOBHas,
Iokazarenu 57 cytKu,
1 cyTkn, 1 cyTku, 5-7 cyTku, =65 15 cyrtku, 15 cytku,
n=45 n=65 n=45 n=45 n=65
Kb muii. Mo/ 2,16 2,20 2,32% 2,19%%* 2,23 2,10% **
,0; 2, 1525 ,19; 4, ,05;5 2, 0452, ,9;2,17
HHH 2,0;2,3 2,1;2 2,19; 4,46) 2,05; 2,26 2,04; 2,38 1,9;2
Goctbop, Mo/ 1,16 1,14 1,21 1,17 1,23* 0,917%. %%
2 (0,98; 1,26) (0,98; 1,25) (1,01; 1,39) (1,03; 2,35) (1,05; 1,36) (0,81; 1,11)
OCTEOKANbIHH, HI/MIT 4.2 43 6,9* 7.9% 7,6% 8,5 **
J75 6, .85 6, 5,05 10, .89, )75 10, 5,7; 13,
HHHS 2,7, 6,8 2,8;6,2 0; 10,8 48,99 4,7, 10,6 13,9
PINP. s/ 158,5 167,0 170 181,0* 178,3 186*
HI/MIT
’ (113,0; 193,0) (115,0; 181,1) (123,8; 220,0) (172,0; 191,0) (123,4; 194,6) (174,0; 196,5)
BALP. sr/an 36,0 34,0 35,6 46,8% ** 37,2 49,0% **
’ (25,2; 53,0) (23,0; 44.,4) (24,9; 61,8) (30,4; 78,5) (21,15 79,0) (33,2;93,5)

Ipumeuanue — 1 * — snauumocmo paziuduti Mexcoy OAHHIMU SPYANbL C UCXOOHBIMU OAHHbIMU, 2 ** — 3HauuMocmy pazauduil Mexcoy 08yms 2pyn-

namu e coomeemcmeyrnuwjue CpoKku Hab00eHus.

B 1 cytkn HaOnrofeHuss ypOBHHM BCEX M3yvae-
MBIX TIOKa3aTeliell He pa3inyaluch B 00EUX IpyIl-
nax. OxHako Ha 15 cyTkM MeTaboIn4ecKkou Tepa-
UM OTMEYAIOCHh CHIKCHHE YPOBHS HOHOB KaJIbLIUs
u Qocdopa B CHIBOPOTKE KPOBH KaK B CPaBHEHHH
C HMCXOIHBIMHM JAaHHBIMH, TaK U AHAJIOTWYHBIMU
3Ha4YeHUsIMU B TpyImre cpaBHeHus — B 1,1 pasza s
kanpiys (p=0,027 u p=0,032 cOOTBETCTBEHHO) U B
1,3 paza mis pocopa (p=0,017 u p=0,022 cooTBeT-
CTBEHHO). YCTaHOBJICHHBIH (DaKT JAEMOHCTPUPYET
AKTUBHOE BKJIIOYEHHE KOCTEOOPa3yOLINX MaKpo-
JIEMEHTOB B PErEHEPUPYIOLIYIO IIOCIIE IOBPEX-
JIeHHsI KOCTHYIO TKaHb. B To Bpemsi, kak Ha (oHe
TPaJUIMOHHON Tepanuu HabI0AaI0Ch TOBBIIICHHIE
ypoBHs Gocdopa 1 TEHACHLUS K THIIEPKATbLUEMHUN
[0 CPaBHEHHIO C HCXOAHBIMU JaHHBIMH M STHMHU
MOKA3aTeNIIMU OCHOBHOW TI'PYMIIBI, YTO CBHIETENb-
CTBYET O CHIDKEHUH MeTaboIm3Ma 1 IpeodIaiaHuu
HPOLECCOB PE30POIMH HAl OCTEOTCHE30M.

B rpymnme cpaBHEHHs OTCYTCTBOBaJIa TUHAMUKA
ypoBHeil kak BALP, Tak PINP B npouecce uccie-
nmoarus (Tabdmn. 2). [Ipu 3TOM B OCHOBHOW rpymie
OTMEYaJIOCh MOBbIIIeHUE coaepxaHust PINP B cbl-
BOPOTKE KpPOBM IIOZ BJIMSHUEM METaOOJIMUECKON
tepanuu g0 186,0 (174,0; 196,5) ur/min npotus
HavanpHoro 167,0 (115,0; 181,1) ur/ma (p=0,012).
Taxke y MalMeHTOB OCHOBHOW TpyMIlbl HAaOMIOAa-
Jach 3HAYUTEIbHAS AKTUBU3ALMA KOCTHOTO H30-
¢depmenTa menogHor Qocdartaszer — Ha 15 cyTKH
€ro aKkTUBHOCTb INPEBOCXOAWIA HCXOOHYI B 1,4
pasa (p=0,025) u B 1,3 pa3a — B rpymie cpaBHEHUS
(p=0,031), 9TO B UTOTE CBUACTEILCTBYET O CTUMY-
JSIIMK perapaTHBHOM OCTeOpereHepalud y 3THX
MaIMEHTOB.

ConepxaHue OcCTeOKaJblIMHA, Kak Hauboiee
MH(POPMAaTUBHOTO MapKepa aKTUBHOCTH OCTEOre-
He3a, B CHIBOPOTKE KPOBH MAIEHTOB JIBYX TPYIII

JKypnuan ['poiHEHCKOTO TOCYAapCTBEHHOTO MEAMIIMHCKOTO YHUBEpcuTeTa, ToMm 23, No 3, 2025

HaOJIOICHUS TPOTPECCUBHO YBEIUUMBAJIOCH B JIU-
HamuKe uccienoBanus. OHaKko 0oiee BhIpaKeHHAsS
AKCIPECCHUs ITOT0 MapKepa Oblia 3aperrucTpupoBaHa
B Tpymne Merabonudeckoil tepanwu. Ha 15 cytku
JIedeHHs ero ypoBeHb nmoctur 8,5 (5,7; 13,9) Hr/mm,
YTO TIPEBBIIANIO B 2 paza MCXOAHOE 3HaueHue 4,3
(2,8; 6,2) ur/mn (p=0,001), a Tarxke MPEBOCXOMIO
TakoBoe B rpymie cpaBHeHus B 1,1 pasza (p=0,032).
[IponemMoHCTpUPOBAaHO, YTO 3HAUYMUTENbHAS YAaCTh
CHUHTE3MPOBAHHOTO OCTE00]IaCTaMU OCTEOKAIBITH-
Ha TIOSIBIISIETCS B KPOBOTOKE, YTO OTPAKAET aKTHB-
HOCTH OCTE€00JIAaCTOB U KOPPEIHPYET CO CKOPOCTHIO
KOCTHOTO (pOPMHUPOBAHWSI, OTICHEHHON C MTOMOIIIBIO
paauroaHanu3a u rucToMophoMeTpun KocTei [8].

B Tabmune 3 npepcraBiaeHo cofepKaHue MapKe-
POB BOCIIaJICHHS B CHIBOPOTKE KPOBH MAIUEHTOB OC-
HOBHOHM TPYNIBI U TPYIIIEI CPAaBHEHUS B JUHAMHUKE
WICCIIEJIOBAHUSI.

B 1 cyrku HaOmoaeHUs YpPOBHU H3y4daeMbIX
MoKa3aTelied He pa3iiMYajnuch B O0CHX TIpyImnax
Y 3HAYUTEIILHO TPEBHIIIAIHN YCTAaHOBICHHBIE pede-
peHTHbIe TpaHuIbl — MeHee S Mr/1 it CPb u menee
0,5 Hr/n I npokadeIUTOHKMHA [5, 9]. DTO OTpaxa-
€T pa3BUTUE CUCTEMHOW BOCHAIUTENIbHONU peakiuu
B OCTpeilllieM TepuoAe y MAIMEHTOB C BBICOKO-
SHEPreTUYECKUMU TpaBMaMU KOCTEN rojieHd. Hamu
YCTaHOBJICHO 3HaUUMoOe najeHue coaepxanus CPb
Y MPOKAITBIIMTOHWHA B OCHOBHOMW TPYIIIE MCCIEIO0-
BaHMs B mporecce jedeHus. Tak, Ha 15 cyTku ux
3HAa4YeHHUS HOPMaJIM30BAIUCH M COCTABUIN COOTBET-
ctBenHo 2,8 (1,4; 6,5) mr/nu 0,52 (0,36; 0,81) ur/m,
4t0 ObLIO B 4,5 paza (p=0,000) u 1,6 pa3za (p=0,001)
HW)KEe HavyallbHBIX YpPOBHEW. B rpymre cpaBHEeHUs
HAOI0ANIach  JIMIIb  TIOJIOKUTENbHAS  JTHHAMHU-
ka KoHueHTpauuu CPb B KpoBH — OHa CHU3UJIACh
B 2,1 paza ma 15 cytku (p=0,011), 9Tro cocraBmiIO
5,8 mr/a (3,1; 15,3), omHAKO TPEBBIMIANIO HOPMY.
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Taoauya 3 — ConepxaHue MapKepOB BOCIAJICHUS B CHIBOPOTKE KPOBU MAaLEHTOB OCHOBHOW I'PYIIIBI U

T'pyIIbl CpaBHECHUA B JIMHAMUKE UCCIICIOBaHUA

Table 3 — Content of inflammation markers in the blood serum of patients in the main group and comparison group in

the dynamics of the study

I'pynma I'pynna Fovima I'pynmna I'pynma I'pynma
CpaBHEHWUs, OCHOBHas, Ly OCHOBHas, CpaBHEHWUS, OCHOBHas,
IMoxazarenu QapHCHIA,
1 cyTkn, 1 cyTkn, —/ CyTKH, 5-7 cyTKn, 15 cyTkn, 15 cyrkw,
n=45 n=65 n=45 n=65 n=45 n=65
IIpokanbIUTOHKH, 0,75 0,81 0,88 0,72 0,83 0,527% *%
HI/MIT (0,51; 1,07) (0,50; 1,11) (0,55; 1,15) (0,40; 0,98) (0,53; 1,06) (0,36; 0,81)
12,5 12,7 5,2% %% 5,8% 2,8% k¥
CPB, mr/n
(5,5;19.8) (5,3;21,0) (4.3, 17,1) (2,7;14,7) (3,1;15,3) (1,4;6,5)

Ipumeuanue — 1 * — 3Hauumocme paziuduii Mexcoy OaGHHbIMU 2PYANbL € UCXOOHBIMU OAHHbIMU, 2 ** — 3HAUUMOCTb Pa3udutl Mexcoy 08yMs epyn-

namu 6 coomeemcmeyrowjue CpoKku Hnabiooenus.

3HaveHNE MPOKATBIIUTOHINHA B 3TOH IPYIIIIE HE Ipe-
TEPIIeNI0 U3MEHEHHU B JTMHAMUKE JICYCHHUS, YTO CBH-
JIETENLCTBYET O HEJIOCTATOYHOW MPOTUBOBOCIIAIH-
TeIbHOHN 3(PPEKTUBHOCTH TPAJAUIIMOHHON TEpaITHH.

Takum oOpa3om, ompeaelieHus YpOBHEH Map-
KEpOB BOCTIAJICHHUSI U OCTEOCHHTE3a JaeT BO3MOXK-
HOCTb CYJUTh 00 aKTMBHOCTH METa0OJIHM3Ma H CKO-
POCTH perapaTuBHBIX MPOIECCOB B KOCTHOW TKaHH,
a Takxe oleHUBaTh d(P(PEKTUBHOCTH MPOBOAMMOTO
nedenus. [lpu sTom Mopdonormueckue U meTabdo-
JTUYeCKHe 0COOCHHOCTH KOCTHOM TKaHH ITO3BOJISIOT
HMHCIIMPUPOBATh Pa3pabOTKy HOBBIX WHHOBAIIMOH-
HBIX METOJIOB JICYCHHSI, OCHOBAHHBIX HA CTHUMYJIs-
LM OCTCOPEreHEPATUBHBIX MPOLECCOB, MyTEM akK-
TUBallMU CUTHAIBHBIX MEXaHW3MOB DETYJSIUH H
MOIJIePKAHHSI TOME0CTa3a KOCTH.

B Hamewm wnccrnemoBaHny TIpH TIPOBEICHUN Tpa-
JIUIIMOHHOM KOHCEPBATUBHOM TEpaNuu B MOCIEOIe-
PAllMOHHOM TIEPUOJE BBISBICHA HEAOCTATOUHOCTH
MOCTTPABMATUYECKOW perapaTUBHOW pereHepanun
y TAIMEHTOB C 3aKPBITBIMH IeperioMaMu OoJIbIe-
0epIIoBOIf KOCTH, O YeM CBHJIETEIHCTBYET TOBHIIIIE-
HUe B nieprudeprueckoil KpOBH COJIepKaHUS HOHOB
Kanpus U Gocdopa, HU3Kask aKTUBHOCTh KOCTHOM
miesiouHoi  ocgaraspl, THUIIOAIKCIPECCUST OCTEO-
KaJIbI[MHAa U JICPUBATOB IMPOKOJUIAreHa 1-ro THIa,
YTO, IO-BHJIUMOMY, OOYCIIOBICHO CHWXCHHUEM
0CTEe00IaCTHYECKOW aKTHBHOCTHA KOCTHOM TKaHW W
HapyIIeHHeM OCTeoreHe3a Ha ()OHE BBIPAKEHHOTO
BOCTIAJTUTENIFHOTO CHH/IPOMA.

Kpome Toro, mocne omepanuu MHTEHCUBHOCTH
00J1eBOrO CHHApPOMa OblJIa MEHEE BBIpaXKEHA B OC-
HOBHOH T'pyIIe, TAKKE B ATOH IPyIIe 0OTMEYaIoCh
KyIUpoBaHHUe 00JIeBOTO CHHApPOMa Ha 15 CyTKH, 94TO
coctamio 21 (20; 24) 6amn no mkane BAILL, Torma
KaK B TPYIIIIEC CPABHCHHSI HHTEHCUBHOCTH OOJIEBOTO
CHH/IpOMa OCTaBaJlach Ha MpexkHeM yposHe. [lomy-
YEHHBIC PE3YJIbTAaThl MOJTBEPIKIAAIOT KOHIICTILIUIO
«ocTeoreHHon HepocrarouHoct» B. I'. 'onono0o-
Ba, 2012 [10], B KOTOpOH pacKpbIBAIOTCA IPUUMUHBI
Hed(h(PEKTUBHOCTH OOIIETIPUHSATHIX METOJIOB JIeUe-
HUS TTAIIUEHTOB CO CJIOKHBIMU TIEPeIoOMaMu KOCTEH
KOHEYHOCTEH, a PE3yIbTaThl XUPYPTHUECKOTO JIeue-
HUS 3a4aCTYI0 TPYJHO MPOTHO3UPYEMBI. Y CUJICHUE
OKCUTCHAIMK OOJIACTH pEereHepaluu K30TeHHBIMU
(hakTopaMu CTHUMYJIHPYET perapaTUBHBIA OCTEeoTe-
He3, YTO CBS3aHO C yBENWYEeHHEM (DYHKIIMOHAb-
HOM aKTHBHOCTH KJICTOK ITOMYJISIIAA OCTE00IaCTOB
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MO0J1 IeHCTBUEM MOBBIIIEHHOTO MaplHaJIbHOrO Ha-
NpsbKeHus: kuciopoga [4-6]. BaxHo, 4yTO BHOBB
o0pa3oBaHHasi COCYIUCTasl CETh HE TOJIBKO YBEJIH-
yyBaeT oOecrneueHne METaboJIMYEeCKH AaKTHBHOTO
pereHepara KHUCIOPOZOM HEOOXOAMMBIM [UI AaK-
TUBHOW OCTEOTeHHOHM TU(QPEepeHIIUPOBKU KOCTHBIX
KJIETOK-TIPE/IIIECTBEHHUI], HO U TIOJIEP>KUBAET JI0-
CTaBKY B 00JIaCTh pEMapaTUBHOIO OCTEOTeHEe3a KaM-
OMaIbHBIX KIETOK, MUTPUPYIOIINX M3 KPOBOTOKA U
13 ¢(hOPMHPOBAHHOTO MIEPUBACKYIISIPHOIO MUKPOO-
kpyxermst O1IM [9, 10]. Ob6a mMexaHu3Ma, B3ATHIE
BMECTE, TPEAONPENCIAIOT HHIYIHUPYIONEe BIHS-
HUE aHTHOTeHe3a Ha perapaTUBHYIO pereHepaluio
KOCTHOM TKaHHU.

Buieoowt

1. IIpu npoBeneHUU TPAAUIIMOHHON KOHCEpBa-
TUBHOW TEparuy B TMOCJICONEPAMOHHOM TIEpHOJIe
BbISIBJICHA HEAOCTATOYHOCTD HOCTTpaBMaTH‘IeCKOﬁ
pernapaTUBHON pereHepalyy y MauueHTOB ¢ 3aKpbl-
THIMH TIepPEIOMaMH OOJBIIEOEPIIOBOM KOCTH, O YeM
CBUJICTEIILCTBYET TOBBIIIIEHHE B TepUPEpUIecKOn
KpOBU COZACp)KaHWUS HMOHOB Kamblusa U (docdopa,
HU3Kasi aKTUBHOCTh KOCTHOH IiesiouHor (ocdara-
3bl, TUTIOAKCIIPECCUSI OCTEOKAIbIIMHA U JEPUBATOB
npokojuiareHa 1-ro tuma, 4to OOYCIIOBIEHO CHH-
JKEHHEM OCTEOOJIACTHYECKON aKTHBHOCTH KOCTHOM
TKaHH, MIPeo0IalaHueM TMPOIIECCOB Pe30pOIU Ha
ocTeoreHe3oM Ha (hOHE BBIPAKEHHOTO BOCTIAJIH-
TEJILHOTO CHHJPOMA.

2. IIponemMoHCTpUpOBaHa CTUMYJIALMS perapa-
TUBHOTO OCTEOTeHe3a I0J BIIMSHHEM MeTa0oJu-
YECKOW Tepamud B pPaHHEM IIOCIEONEePaIMOHHOM
Tepro/ie TIpH meperoMax OoIbIe0epIoBOi KOCTH,
KOTOpasi XapaKTepHu3yeTcs CHIKEHHEM CofepiKa-
HUS BOCHAJIMTENbHBIX MapkepoB CPb u mpokamnbiim-
TOHHWHA, a TaKXKC U3MCHCHUECM JTHHAMHKH ypOBHeﬁ
0CTEOMapKepOB: aKTHBHOE BKIIOYEHHE KOcTeoOpa-
3YIOIUX MAaKpO3JIEMEHTOB B KOCTHYIO TKaHb, pe-
TEHEPUPYIONIYI0 TOCTe TOBPESKIACHUS (CHIDKEHHE
YPOBHSI MOHOB Kbl B (Gocdopa B CHIBOPOTKE
KpOBU KaK B CPaBHCHHU C MCXOIAHBIMU JaHHBIMU,
TaK YU aHAJIOTMYHBIMH 3HAYCHUSAMU B I'pyIIIe CpaB-
Henus — B 1,1 pasza i kanenus (p=0,027 u p=0,032
COOTBETCTBeHHO) U B 1,3 paza (p=0,017 u p=0,022
COOTBETCTBEHHO) 17151 (hocopa; CTUMYIALNS OCTe-
OreHesa 3a cueT MoBbllIeHus cojiepxkanust PINP B
ceIBOpoTKe KpoBu j10 186,0 (174,0; 196,5) Hr/miu
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npotuB HavameHOro 167,0 (115,0; 181,1) Hr/mmn
(p=0,012) m akTHUBH3aIMH KOCTHOTO H30(epMeH-
Ta 1Iea04HON (ocdarasbl, aKTUBHOCTh KOTOPOW
npeBocxoamna ucxomuyro B 1,4 paza (p=0,025)
u B 1,3 pasa B rpynne cpasaenus (p=0,031);

THUIICPOKCIPECCUA OCTCOKaJIbLMHA, OTpaKaromic-
Jlumepamypa

JlutBunos, W. W. BHYTpUKOCTHBII OCTEOCHHTE3
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8,5 (5,7; 13,9) ur/miu, 4To TPEBBINIATIO B 2 pasa
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INFLUENCE OF METABOLIC THERAPY ON MARKERS OF
INFLAMMATION AND REPARATIVE REGENERATION OF BONE
TISSUE IN PATIENTS WITH CLOSED DIAPHYSEAL FRACTURES

OF THE TIBIA
P. E. Vankovich

Belarusian State Medical University, Minsk, Belarus

Background. Violation of bone tissue osteoreparation processes and increased inflammatory response in the
fracture area lead to nonunion and significant slowdown in the functional recovery of the injured limb, which worsens
the prognosis for recovery and increases the risk of patient disability.

Study objective. To assess the serum level of markers of inflammation and reparative regeneration of bone tissue in
patients with closed diaphyseal fractures of the tibia who receive metabolic therapy including a complex of hyperbaric
oxygen therapy and an antioxidant (cytoflavin).

Material and methods. The following parameters were studied in 110 patients with closed diaphyseal fractures
of the tibia: C-reactive protein, procalcitonin, bone alkaline phosphatase, osteocalcin, PINP, calcium, phosphorus.
All patients were divided into 2 study groups: group 1 (comparison group) consisted of 45 people who received
standard treatment in the early postoperative period; group 2 (main group) included 65 individuals, whose standard
treatment regimen was supplemented with a complex of antioxidant (intravenous infusions of cytoflavin No. 10-15) and
hyperbaric oxygen therapy (sessions of 55 minutes at 1.0-1.8 ATA, No. 10-15).

Results. Analysis of the dynamics of osteomarker levels demonstrated stimulation of reparative osteogenesis, which
was characterized by a decrease in the level of calcium and phosphorus ions in the blood serum in comparison with
both the initial level and the findings in the comparison group, an increase in the content of PINP to 186.0 (174.0;
196.5) ng / ml against the initial 167.0 (115.0; 181.1) ng/ml (p=0.012), activation of the bone isoenzyme of alkaline
phosphatase and hyperexpression of osteocalcin, reflecting osteoblastic activity, accompanied by a decrease in the
levels of the inflammation markers C-reactive protein and procalcitonin.

Conclusions. Complex metabolic therapy led to the correction of the inflammatory syndrome and stimulation of
reparative osteogenesis at the site of the tibial fracture.

Keywords: metabolic therapy, inflammatory syndrome, osteomarkers, reparative regeneration, diaphyseal
fractures, tibia, closed fractures.
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