The role of oxygen in wound healing after placing an implant
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JUKTOP 0:28

Our bones are a marvel of natural design,
continuously rejuvenating through a finely
balanced equilibrium of bone resorption and new
bone formation.

JAUKTOP 0:40

A truly miraculous structure is formed, which
follows the lines of mechanical load, the
trabecular bone.

JAUKTOP 0:49
Sometimes, however, the unexpected happens.

AUKTOP 0:57

A drill intrudes and destroys the naturally sculpted
bone. Blood vessels are torn, and a major defect is
created, quickly filling with blood.

JUKTOP 01:09
The titanium implant is inserted where the tooth
was previously lost.

JUKTOP 01:15

At first the only force holding the implant in place
is mechanical friction. This is called primary
implant stability. Osseointegration, or secondary
implant stability requires a highly complex
sequence of additional biodynamic processes.
This is facilitated by finely tuned communication
between the main actors of wound healing, the
cells.

HAJIIIUCD 01:40
CELL-TO-CELL COMMUNICATION

HAJIIIUCD 01:45
OSSEOINTEGRATION

JAUKTOP 01:49
Phase 1 —Hemostasis
Minutes after surgery

JAUKTOP 0:28

Hamm xocTu - 4y10, CO3/TaHHOE cCamoil
npupooi. OHU TOCTOSHHO OOHOBIISIOTCS
0Jy1aroapsi COBEPIICHHOMY OaTaHCy MEXKITY
pe3opOiueit 1 BOCCTAaHOBIIEHUEM KOCTHON TKaHHU.

JMKTOP 0:40

ITon BO3AEIICTBHEM MEXaHUYECKOW HArpy3Ku
pasBuBaeTcs TpabeKyispHas KOCTh, U ee 0e3
MPEYBEIIMUCHUS] MOYKHO HA3BaTh MOTPSACAOIICH

CTPYKTYpOl.

JUKTOP 0:49
U Bce ke, HOT1a BO3HUKAET SKCTPEHHAS
CUTYyalHsl.

JUKTOP 0:57

BHe3amHo cBepI10 pa3pymiaer KocTh, CO3JaHHYIO
B X0/I€ €CTECTBEHHBIX IporeccoB. KpoBeHoCHBIE
COCY/IbI pa30pBaHbl, 1 00pa30BaBIIUNICS 1ePEKT
OBICTPO 3aIOJIHAETCS KPOBBIO.

AUKTOP 01:09
Ha mecto orcyrcTBytoiero 3yda ycTaHaBIUBaIOT
TUTAHOBBI UMILIAHTAT.

JUKTOP 01:15

B mepBoe BpeMst UMITIaHTAT yAEP/KUBAETCS HA
MECTE TOJIBKO 33 CUET MEXaHUYECKOTO TPEHHS.
DTO Ha3bIBAECTCS MTEPBOHAYAIBHOM
CTa0MIIbHOCTBIO. BTOpHUHas cTabUIBHOCTD, WK
IIOJTHAs! OCTEOMHTETPAIHs, HACTYIIAET JIUIIb
1I0CJIE 3aBEPILEHUS PSAa CIOKHEHIIINX
OMOTMHAMUYECKHX TPOIECCOB. DTO BO3ZMOXKHO
Omarosapst OTJIa)KEHHOMY B3aHMOAECHCTBUIO
MEX/1y KJIETKaMH1 — TIaBHBIMU Y9aCTHUKAMH
npoliecca 3aKUBJICHUS PaHBI.

HAJIIIUCDH 01:40
MEXKJIETOUHAA KOMMYHUKATIIA

HAJIIIUCD 01:45
OCTEOHUHTEI'PALINA

JTUKTOP 01:49
®daza 1 — 'emocras
[TepBble MUHYTHI TIOJIC OTIEPAITHH
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JAUKTOP 01:53

The blood immediately perfuses the surgical site,
providing the cures for subsequent healing.
Within seconds or minutes ions and serum
proteins, such as albumin, fibrinogen and
fibronectin, begin adhering to the titanium
surface.

AUKTOP 02:11

Next, the bleeding is stopped by blood platelets
also known as thrombocytes. When they are
exposed to collagen and other proteins from the
traumatized tissue and implant surface, they
aggregate and close the ruptured blood vessel.

JAUKTOP 02:26

Platelets release various messenger substances for
cell-to-cell communication, such as thromboxane,
which promotes platelet aggregation, or PDGF,
Platelet Derived Growth Factor, which stimulates
the cell division of fibroblasts.

JUKTOP 02:43

Fibrin monomers spontaneously crosslink,
forming a fibrin network. The blood clot
permeates the wound space, forming a provisional
matrix. It also adheres to the implant surface. This
blood clot has tremendous importance as a
provisional matrix for subsequent bone healing
processes on the implant surface.

HAJIIHUCH 03:05
Phase 2 — Inflammatory phase
Hours after surgery

AUKTOP 03:11

During the early stages of healing immune cells
clean the wound of the very fine bone chips, tissue
debris and oral bacteria that remain following the
surgical procedure.

JAUKTOP 01:53

KpoBb cpa3zy ke mpuinBaeT K MeCTy
[I0CJIEONIEPAallMOHHON paHbl. B Hel ecTb Beé
HE00XO0IUMOE IS MOCIIEAYIONIEr0 3aKUBICHHUSL.
B Tteyenne MUHYT, WK 1aXke CEKYH], HOHBI U
OCJIKH TITa3MBbl, TAKKME KaK albOyMUH,
¢bubprHOTEeH U GUOPOHEKTHH, IPUCOSAUHSIIOTCS
K TUTAaHOBOW MOBEPXHOCTH UMILIAHTATA.

JAUKTOP 02:11

3aTreM KpOBSIHbIE IUIACTUHKH, TAK)KE U3BECTHBIE
KaK TPOMOOIIMTBI, OCTAaHABIMBAIOT KPOBOTEUECHUE.
[Ipu KOHTaKTE C KOJUIATr€HOM U APYTMMHU OeIKaMH
B IIOBPEXKACHHBIX TKAHIX U HA IOBEPXHOCTH
UMILIAaHTaTa OHU 00pa3yloT CryCTKH U
3aKpBIBAIOT Pa3pbIBBI B COCYAX.

JAUKTOP 02:26

[TnacTUHKY BBIACTSIOT pa3Hble aKTUBHBIE
BEIIIECTBA, HEOOXOIMMBIE JJIS1 B3aUMOICHCTBHS
MEXy KJIETKaMHU, TaKHe KaK TPOMOOKCaH,
OTBETCTBEHHBIN 3a arperauio TPOMOOIUTOB, WIIN
TpombonuTapHslil pakrop pocra (PDGF),
KOTOPBIN aKTUBU3UPYET KICTOUYHOE JICIICHHE
¢bubpobdIacToB.

JAUKTOP 02:43

Monomepsb! GpubOprHa CIIUBAIOTCS BMECTE U
00pa3yroT MpouHyo ceTh. KpoBsiHOI crycToK
3aKpBIBAaET BCIO paHy, popMuUpyst BpeMEeHHOE
MEXKJIETOYHOE BemecTBo. OH 3aKperisercs Ha
MIOBEPXHOCTH MMILIaHTaTa. Poik 3TOTO Crycrka
OUYeHb BaXXKHA, TAaK KaK OH 00ecreYnBaeT
BPEMEHHYIO OCHOBY, HEOOXOTUMYIO JIJIs
HWHTCrpalilu UMILIaHTAaTa € KOCTHOU TKaHBIO.

HAJIIUCD 03:05
®aza 2 — da3a BocnaneHUs
IIepBble gacsl mocie onepanuu

JAUKTOP 03:11

Ha panneit cranuu 3a)KUBIICHUS KIIETKA
UMMYHHOH CHCTEMBI OUMILAIOT paHy OT
MeNbYaluXx (parMeHTOB KOCTH, OaKTepHil 1
IPOAYKTOB Pa3pyLIEHUs TKaHEH, OCTaBLUIMXCS
1OCJIe OTEepaItH.
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JAUKTOP 03:23

In a first step, bradykinin from the platelets
increases blood vessels permeability. As a result,
the endothelial cells move apart very slightly.

JAUKTOP 03:45

On the inside of the vascular walls endothelial
cells promote the attachment of
polymorphonuclear leukocytes from the blood
stream. These leukocytes, also known as PMLs,
squeeze themselves through the gaps between the
endothelial cells. Once they have digested the
basal lamina, using proteases, they are free to
enter the wound.

JUKTOP 04:15

PMLs chemotactically navigate toward the wound
along a molecular concentration gradient. These
molecules include bacterial proteins,
fibrinopeptides and proinflammatory interleukins.
Upon arrival, they kill bacteria through the release
of reactive oxygen species.

JUKTOP 04:35

PMLs also release highly digestive enzymes such
as collagenase and elastase. The wound then
proceeds through an uneventful healing process,
or a toxic wound environment develops, with
elevated bacterial counts and toxic byproducts,
potentially leading to wound breakdown and
implant loss. PMLs can call for auxiliary support,
for example, through the release of monocyte
chemotactic protein, or MCP-1. Macrophages
respond and are the next actors to arrive on the
scene. They too eliminate bacteria by
phagocytosis.

JAUKTOP 05:23

Tissue debris is taken up and biochemically
degraded. Macrophages synthesize
proinflammatory cytokines and proteases.
Macrophages dominate during the late
inflammatory phase. Using endogenic inhibitors
for digesting proteinases, the so called TIMPs,
macrophages help stop the rend-off tissue

JAUKTOP 03:23

[Ipexne Bcero, OpaIMKMHUH B KPOBSTHBIX
TUTACTUHKAX TOBBIIIAET COCYAUCTYIO
MIPOHMIIAEMOCTb, CIIOCOOCTBYS Pa300IIEHUIO
OHAOTCINAIIBHBIX KIICTOK.

JUKTOP 03:45

Ha BHyTpeHHEN CTOPOHE COCYAUCTHIX CTEHOK
SHJIOTEIHATIBHBIE KJIIETKU MPUBJIEKAIOT K cede
noJuMop(HOsAEpHBIEC JTEHKOIMTHI U3 KPOBOTOKA.
Otu nelikouuts! (wiu [IMSAJT) nportuckuBaroTcst
CKBO3b IMPOMEKYTKH MEKY SHAOTEINATEHBIMU
KJIeTkamMu. PacTBopuB Oa3anpHy0 MeMOpaHy
CBOMMH NPOTEa3aMH, OHU MMPOHUKAIOT B 00JIaCTh
BOCHAJICHUS.

JUKTOP 04:15

C mOMOIIBI0 XeMOTAKCHYECKHX METUATOPOB
JCHKOIMTHI MUTPUPYIOT B 30HY TOBPEXKICHHUS 110
TPaJMeHTy KOHIICHTPAIUK MOJieKyll. K atum
MOJIEKYyJIaM OTHOCSTCS OaKTepHalbHbIe OeNKH,
(GbuOpUHOMENTH/IB M IPOTHBOBOCTIATTUTEIHHBIC
UHTEPJICHKUHBL. 3aTeM, y’Ke Ha MECTe OHU
youBaroT 0aKTepuu, BHICBOOOXKIasi KHCIOPOIHBIE
panuKaibl.

JUKTOP 04:35

Taxoke [IMAJI cuHTE3UPYIOT PEPMEHTHI C
BBICOKMMH PaCTBOPSIOLINMH XapaKTePUCTHKAMH,
TaKMe KaK KoJIJIareHasa u 3JlacTa3a. 3a)XHUBIICHUE
paHbl 1160 0JaronoyyHO MPOA0IDKAETCs, THOO0 B
Hell popMupyeTcsl TOKCUYEeCcKas Cpejia C
MOBBIIIEHHBIM COZIEP)KaHUEM OaKTepuil 1
TOKCHUYHBIX MPOJIYKTOB 0OMEHa, 4TO B
NEPCIEKTHUBE MOXKET MPUBECTHU K PACX0XKICHHIO
paHnbl ¥ niorepe umiutantara. [IMAJI moryt
npUOETHYTH K JAOTIOTHUTEIBHOM MOIICPIKKE,
HaIpuMep, BBICBOOOIHMB OEJIOK XeMOTaKCHca
MOHOIIMTOB. Tor/a Ha apeHy BBIXOJSAT
MHUKpO(aru — OHMU TaK)Ke YHUUTOXKAIOT OaKTepun
MOCPEICTBOM (haroruTo3a.

AUKTOP 05:23

[IpoaykTel pa3pyuieHust TKAaHU U3 paHbl
pasnararorcsi ONOXMMUYECKUM ITyTEM.
Makpodaru CHHTE3UPYIOT
HPOTHUBOBOCTIANNTENILHBIE ITUTOKMHBI U TIPOTEA3bI.
Makpocdaram npuHaJISKUT BeIylast pojb B
3aBepieHNH (a3sl BocnaneHns. C moMonpo
9HJIOTEHHBIX HHTHOUTOPOB paCILETICHUS
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destruction started by PMLs. This preserves the
matrix proteins and proteoglycans in the wound,
which in turn protect important growth factors.
Messenger substances, such as VEGF, PDGF and
FGF stimulate fibroblasts and angiogenesis which
initiate the proliferative phase.

HAJIIIUCDH 06:06
Phase 3 — Proliferative phase
Days after surgery

JAUKTOP 06:12

Fibroblasts appear on the third or fourth day. They
migrate into the wound, using amoeboid
movements. They synthesize the protective and
stabilizing components of the extracellular matrix
such as collagen, elastin and proteoglycans. The
low oxygen concentration in the tissue affects
both macrophages and endothelial cells,
stimulating them to create the intercellular
transcription factor, hypoxia inducible factor or
HIF. Subsequently formed VEGF in turn
influences perivascular cells.

JAUKTOP 06:49
Perivascular cells are mesenchymal stem cells,
found on blood vessels.

JAUKTOP 06:59

They migrate along the VEGF gradient into areas
of low partial oxygen pressure. Here they form
new blood vessels that finally integrate into the
existing vascular network. Angiogenesis restores
the oxygen supply and forms the foundation of
bone healing.

NpOTEHUHA3, MaKpodaru moMoraroT OCTaHOBUTh
paspyuieHue Tkanei, nnunuupoBannoe [IMSJI.
DT0 MO3BOJSET OCTKOBOM MaTPHIIE U
IIPOTEOTIMKAHAM OCTaBaThCs B paHe, B CBOIO
ouepeb MoIepKUBast BaXKHbIE (PAKTOPHI pocTa.
Takue akTUBHBIE BEIIECTBA, KakK (hakTop pocTa
sHpoTeNus cocynoB (VEGFE), TpoMOOIUTapHBIA
daktop pocra (PDGF) u pubpobiacTHBIN
daxTop pocra (FGF) cTUMYTUpPYIOT
¢buOpoOIaCTHI U TIPOIIECC AaHTHOTEHE3a, C
KOTOpOro HaunHaeTcs (asa nponudepanuu.

HAIIIUCDH 06:06
®daza 3 — daza nponudeparuu
JHu mocie onepaunu

JUKTOP 06:12

Ha 3-4-i1 nenp nosBisitorcst pruOpoOIacTshI.
AMeOOUTHBIMU TBUKCHHUSIMA OHU TPOIBUTAIOTCS
B 30HY MTOPaXXEHUS, TJIe CHHTE3UPYIOT 3alllUTHbIE
U CTaOMITU3UPYIOIINE KOMIIOHEHTHI
BHEKJIETOYHOTO MAaTPUKCa, TaKHe KaK KOJJIareH,
AJIACTHUH U NIPOTEOIIMKaHbl. HU3Kkuil ypoBeHb
KHCIIOpO/1a B TKAHAX BIMAET KaK HA MUKpodaru,
TaK U Ha DHJOTETUAIbHBIC KICTKH, CTUMYIUPYS
uX 711 00pa3oBaHus (HaKTOPOB TPAHCKPHUIIIIUN U
THIOKCUS-UHAYIpyeMoro gaktopa (uau HIF).
OO6pa3zoBaBuiics mocie 3Toro (haxkTop pocra
supotenus cocynoB (VEGF), B cBoto o4epeib,
OKa3bIBAET BO3/ICHCTBHE HA MEPUBACKYIISIPHBIE
KJICTKH.

JAUKTOP 06:49

[lepuBackymnsipHbIe KJIETKH — 3TO
ME3eHXHMAaJIbHbIE CTBOJIOBBIE KJIETKH B
KPOBEHOCHBIX COCY/aX.

JAUKTOP 06:59

OHu MUTPUPYIOT B 30HBI HU3KOT'O APLHAIBLHOTO
JIABJICHUS KUCIIOPOJIA 110 TPAJUEHTY COCYAUCTOTO
SHJ0TEeNUanbHOTO (hakTopa pocta (VEGF). Tam
OHHU (POPMHUPYIOT HOBBIE KPOBEHOCHBIE COCY/IBI,
KOTOpBIE BIIOCJIEICTBUU CTAHYT YaCThIO
COCYAMCTOH CETU. AHTHOTEHE3 YBEIMUNBAET
3arachl KMCJIOPO/a U 3aKJIaJbIBa€T OCHOBBI JISI
BOCCTAHOBJICHUS KOCTHOM TKaHU.
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JAUKTOP 07:24

Starting around day seven, activated osteoclasts
attach themselves to the fracture edges of the
residual bone, resorbing it and creating space for
bone healing. However, this will initially reduce
the primary stability of the implant.

JAUKTOP 07:49

Here the osteoclasts dissolve the bone, using
hydrochloric acid and proteases releasing BMP,
TGF-B and PDGF from the bone matrix, which in
turn initiate the formation of new bone.
Perivascular cells not only create new blood
vessels, they also migrate toward existing
trabecular and to the implant surface, where they
differentiate into new osteoblasts under the
influence of BMPs from the dissolved bone.

JUKTOP 08:21

The adsorbed proteins, such as fibronectin, have a
crucial influence on the attachment of bone
progenitor cells to the implant surface.

JUKTOP 08:40

The osteoblasts form an organic matrix that is
mineralized by incorporating calcium phosphate.
Under the optical microscope bone is visible on
the implant surface. Under the electron
microscope, though, a thin protein layer is seen
between the bone and the titanium surface.
Mechanical stability is ensured by interlocking
with the surface of the implant. At the end of the
first week after surgery woven bone is formed at
the implant surface. This in turn promotes
increasing secondary stabilization of the implant,
making up for the progressive loss of primary
stability. The formation of woven bone concludes
the proliferative phase.

JAUKTOP 07:24

[IpumepHO Ha 7-i IEHb AKTUBU3ZUPYIOTCS
OCTEOKJIACTHI, KOTOPHIE MPUKPEIUISIFOTCS K
KOCTHBIM (hparmeHTam. Haunnaercst pe3oporus
KOoCTH. Tak co3maercst MpOCTPAHCTBO IS
pereHepaunu Tkanu. Ho B To ke Bpemsi, 3TO
CHIDKAET MePBOHAYAIBHYIO CTAOUIIBHOCTD
UMIUTaHTaTA.

JAUKTOP 07:49

OcCTeoKnacThl pacTBOPSIOT CTAPYIO KOCTH,
BBIJIETISISL COJISTHYIO KUCIIOTY U ITPOTEasbl,
BBICBOOO’KTAIOIINE U3 KOCTHOTO MaTpUKCa
Mopdorenernueckne O0emku koctu (BMP),
TpaHc(hOPMHUPYIOLINI pocTOBOM (akTop OeTa
(TGF-f) n TpomOonMTapHbIi (haKTOp pocTa
(PDGF). Onu, B CBOIO 04epeib, HHULUUPYIOT
dbopmupoBanre HOBOU KocTu. [lepuBackymnsipHbie
KJIETKH HE TIPOCTO CO3/1al0T HOBbIE KPOBEHOCHBIE
COCYIbl, HO TaKXX€ MUTPUPYIOT B 30HY
CYIIECTBYIOIEH TpaOeKyIIpHON KOCTH U
MOBEPXHOCTU UMIUIaHTaTa. TaM OHU
TuQepeHIIPYIOTCS B HOBBIE 0CTE00IACThI IO
BIIUSTHHEM MOP(OTeHETHYECKUX OETTKOB KOCTH M3
pacTBOPEHHON KOCTHOW TKaHH.

JUKTOP 08:21

AncopOupoBaHHbIE OCTTKH, TAKHE KaK
(UOPOHEKTHH, UTPAIOT NIEPBOCTETIEHHYIO POJIb B
NPUKPETUICHHH POTeHUTOPHBIX KOCTHBIX KIIETOK
K MTOBEPXHOCTH MUMILJIAaHTaTA.

JAUKTOP 08:40

OcreobmacTbl GOPMHUPYIOT MEKKIETOYHOE
BEII[ECTBO, B KOTOPOM OTKJIAJbIBACTCS
(hochOPHOKHUCITBIN KAJTBIINA, MUHEPATTU3YS €TO.
[Tox onTruecKkMM MUKPOCKOIIOM Ha MOBEPXHOCTH
MMIUTAHTaTa MOKHO YBUIETh KOCTHYIO TKaHb. A
MO/1 SJIEKTPOHHBIM MUKPOCKOTIOM MOHO
YBUETH Ja)K€ TOHKUN OCTTKOBBINA CIIONH MEXKITY
KOCTBIO U TUHTAHOBOM IMOBEPXHOCTHIO.
Mexannueckas CTaOMILHOCTh 00eCTIeYnBaeTCs 3a
CUeT CIEIUIeHUs UMIUIaHTaTa ¢ KocThio. K KoHIy
NEepBOIl HEIENHU MOCIIE ONepaliy Ha ero
NOBEepXHOCTU (HOpMHUpPYETCS He3pesasi KOCTHAst
TKaHb. JTO B CBOIO OUEpPE/b CTUMYIIUPYET
BTOPUYHYIO CTAOMIIN3ALINIO UMILIAaHTATa,
KOMIIEHCUPYS YCTOMYUBYIO ITIOTEPIO IEPBUYHOM
crabmipHOCTH. Paza nmponudepanu
3aBepIIaeTcs 00pa3oBaHUEM HE3PeNloil KOCTHOM
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HAAIIUCH 09:32
Phase 4 - Remodeling phase
Weeks after surgery

JAUKTOP 09:36

Orderly and coordinated bone remodeling restores
the stability of the site. Load adaptation is of
pivotal importance in this context. Initially, woven
bone will have grown in the valleys of the implant
surface and parallel to it. After remodeling most
bone will be structured perpendicularly to the
peaks of the implant threads, at right angles to the
implant surface. The architecture and organization
of this becomes trabecular. The structure is
thought to be directly responsive to forces
imposed through the implant to the interfacial
tissues.

JUKTOP 10:12

This is made possible by the synergy of the
osteoblasts and osteoclasts. The osteoclasts,
activated by the osteoblasts messenger RANKL,
resorb the woven bone. The osteoblasts then lay
down highly organized lamellar bone. The work
of both cells is mainly coordinated by the
osteocyte and its own messengers such as
sclerostin. Lamellar bone structures are formed.
Similar to the arches and vaults in a gothic
cathedral they absorb the stresses of a colossal
load.

JUKTOP 10:45

We are back at an efficient trabecular bone
meshwork. Perfectly adapted to the new situation.
Osseointegration, a highly complex biodynamic
process of cell-to-cell communication, is
completed.

TKaHH.
HAJIIIUCD 09:32

®aza 4 — PemogenupoBanue KOCTHOW TKaHU
Henenu nocne onepanuun

JAUKTOP 09:36

biiaronapst ynopsioueHHOMY IIpoLieccy
pEMOIETMPOBAHUS KOCTH MTOBPEXKICHHBIN
Y4aCTOK MOCTENEHHO BOCCTAaHABIUBAETCA. 3€Ch
ajanTanus KOCTH K MEXaHUYECKUM Harpy3skam
SIBJISIETCS] KIIFOUEBBIM MOMEHTOM.
[lepBoHavabHO, HE3penas KOCTHAs TKaHb
pacTeTt, IpoHUKasl B YTIyOJICHHs Ha TOBEPXHOCTH
MMILUIaHTaTa, U TTapajuiesibHO €il. B KoHIe
mpoliecca peMoICIMPOBAHUS Mbl YBUAUM, UYTO
00JbIIIast YacTh KOCTHOM TKaHM PacrojioXKeHa
NEPIICHIUKYISIPHO K KPar pe3bObl UMITJIAHTATA,
IIOJ1 IPSIMBIM YTJIOM K €ro nmoBepxHoctu. I1o
CTPYKTYpE U CTPOEHUIO KOCTh CTAHOBHUTCS
TpabexysipHoi. OHA HEMOCPEICTBEHHO
pearupyer Ha IpsiMoe BO3/EHCTBUE,
MOCTYIAOIIEE YePe3 UMILIAHTAT K
IIOBEPXHOCTHOM TKaHH.

JUKTOP 10:12

3T0 BO3MOKHO OJIaroapsi COBMECTHBIM
JEHCTBUSAM OCTE00IaCTOB U OCTEOKIIACTOB.
OcTteo0macThl CEKPETUPYIOT JINTAH BT
pEelenTopoB akTHBATOpa (pakTopa HyKIearuu
kanma B (RANKL), KoTopble aKTUBH3UPYIOT
ocTeokacTel. Te, B CBOIO O4epe/ib, HAUMHAOT
pe30pOupoBaTh KOCTHYIO TKaHb. 3aTeM
0CTE00IACTHI 3aKJIaIIBAIOT OCHOBBI
MJIaCTUHYATONW KOCTHOM TKaHu. PaboTa o6onx
BHUJ0B KJICTOK KOOPAWUHUPYCTCA OCTCONUTAMU C
MIOMOIIIBIO BBIPA0ATHIBAEMOTO UMH CKIIEPOCTHHA.
I/ITaK, IJIacTUHYaTass KOCTHasi TKaHb
chopmupoBana. [IogoOHO apkam U CBOAY
TOTUYECKOTO cOO0pa, OHA MOXKET BBIICPKUBATH
KOJIOCCAJIbHBIE HATPY3KHU.

JAUKTOP 10:45

Ilepen Hamu CHOBa ceTyaTtas CTpYKTypa
TpaOeKyIAPHON KOCTHOM TKaHH, IIOJIHOCTHIO
pUCTIOCOOIeHHAsI K HOBOM CUTYallUH.
OcreonHTerpanus - CI0KHEUINN
OMOTMHAMHYECKHUH TTPOIIECC MEKKICTOTHOM
KOMMYHUKAIMH, YCIIEITHO 3aBepIICHA.




