PereHepauna KOCTHOU TKaHW
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OCHOBHbIE QYHKLMNW:

® 1. Onopuo-mexannyeckas

® 2. 3amuTHas

® 3. I'emonosTuyeckass GyHKIHA
® 4. lenonupyromas QyHKIU




OnpepnenexHne

® PereHepanus — CIIOCOOHOCTB JKMBBIX OpPraHM3MOB
BOCCTAHABJIMBATh IOBPEKICHHBIE TKAHU, 4 HUHOTAA U
IIOBPEXKICHHBIE OPTraHbI.
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® Odusuonornyeckas pereHepanys — pereHepanus B
IIPOLIECCE HOPMAJILHOU KU3HEACATEIILHOCTH
OpraHu3Ma, OOBIYHO HE CBSI3aHHAs C ITOBPEKICHUEM
WJIM yTPATOU 4aCTH OpraHa.

® PecmaparuBHas pereHepamys — pereHepanms
POUCXOAIIAs B CIydassX MOBPEKICHUS WM yTPaThl
KaKOTO JIMOO OpraHa Wjd 4acTH OpraHu3Ma.
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Bone Composition

® Extracellular Matrix
® Organic (35%)
Collagen (typeI) 90%
Osteocalcin, osteonectin, proteoglycans,
glycosaminoglycans, lipids (ground substance)
® Inorganic (65%)
Primarily hydroxyapatite Ca5(P04)3(OH)2
® Cells
® Osteocytes
® Osteoblasts
® Osteoclasts
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OcTeoreHHble KNneTku
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® OcteoreHHbId qU(pPEepoH: OCTEOreHHAas KJIeTKa —
0CTE€00JIACT — MPEOCTEOLUT — OCTEOIUT.




OcTeobnacT

® CUHTE3UPYET MEKKIECTOUHOE
BEIIIECTBO.

® Y4acTBYET B CUHTE3€ KOJIJIAareHa
U MUHEpaJIU3aluu KOCTH
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OcTeoknacT




Linkn pemogennpoBaHnga KOCTU

Pe3opOuus TKaHU KOCTH
octeobnacramm

Pe3opbuus

O6paTHbIn

OcTteoknac
- anonTto3

3penble
ocTeobnacTbl

06pa3yIeTKOCTHYIO
TKaHb O6pa3oBaHue




Tunbl KOCcTEWU

® IliuacruHYyarasi KOCTh
KOJIJIar€HOBBIX (DMOPHILI, UAYIIUX B OJHOM
HAIIPaBJICHUH, HO MO YIVIOM K JPYTOM IJIACTUHKE.
HopmanbHas B3pocias KOCTb.

® I'pyOoBO/IOKHUCTHAS

COCTOHT M3 ITYYKOB KOCTHBIX BOJIOKOH, KOTOPBIC HAYT B
pa3HbIX HAIPaBJICHUSX.

Y B3pOCHbIX HAOTIOMACTCS B MECTAX 3aKUBJICHUS
[IEPEIOMOB, IPUKPEIIJICHUS CYXOKWJIMK WA CBA30K U P
MaTOJOTMYECKUX COCTOSHUSIX.




KoCTb Kak opraH
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containing marrow

Central (Haversian) canal
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Blood vessel

Endosteum lining bony canals Interstitial
and covering trabeculae canal lamellae
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KOMMNOHEHTbI KOCTEODpa3oBaHUS

® Cortex Cortical Bonc NN

Bone Marrow - Subcutaneous
1 )

Fat

Periosteum

® Periosteum \

® Bone marrov

Fracture
Hematoma

® Soft tissue




TpeboBaHus ana pereHepaunmu

® Mexannueckas CTAa0OMJIBHOCTD
® KpoBocHaOxeHue




KpoBocHabxeHune

® OOBIYHO OCHOBHOE KPOBOCHAOKCHUE IPEICTABICHO
nuaduzom(80 to 85%)

® B HajgkocTHUIIE HUKHEU 4YaCTHU KOCTU UMEETCS
MAaJIEHbKOE OTBEPCTUE, YEPE3 KOTOPOE BHYTPb KOCTHU
IIPOXOAUT ITUTAIOLIAs apTepUs

® B KoCTHOM MO3re 3Ta apTepus pa3aeisieTcs Ha
BEPXHIOI U HUXKHIOKO BETBU
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Puc. 1.2.-2a~b KpooocHalmenme KOCTHOM MO30/H,
2 [0 NEPexpRITHA KDCTHOM MO0, b Mocne KOCTHOND CPMUEHMR,

1  BOoCXORAUAS NMTAIOWAR APTEPMA.
2 HUCXOQAUAR NHTAIOWIAR ADTEDUA.
3 MetadwEapHLie aprepeu,
4 NepuocTantHbie aprepss.




CpalleHune nepenoma

® IlepBuuHOE, CpalIeHUE ITyTEM BHYTPEHHEH
IIEPECTPOUKHU

® BropuuHoe, cpalleHue myTeM (pOpMHUPOBAHUS
KOCTHOH MO30JIH




CpalleHune nepenoma

® Bocnanenue (1-7 cyrkn)

® dopmupoBaHUE MATKON KOcTHOI Mo3zonu (2-3
HEJIeN)

® dopmupoBaHue TBEpIOI KocTHOH Mo3onu (3-4
Mecsiia)

® PemoaenupoBaHue




BocnaneHus

HaakocTHMua Hexkpos
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MNonumopdHoAAEPHBIE HENTPOPWUNIEHLIE MPaHYNOLNTDI

. g
.—— Maxkpodarn
.

4 Me3eHxMManbHbLIE CTBONOBLIE KNETKK

a Cragma socnanenns. DoOpMHPOBaHHE FrEMaTOMbI M €€ TPaHC-

hOpPMALMA B rPAHYNALMOHHYIO TKaHE C TUNHMYHLIM BOCNANH-
TENbHbIM KaCKafOM.
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Xpsw Bpacradue xanunnsapos

Ocreobnacre

3aMEeNIeHUE TPAHYISIIIMOHHON TKAHU BO BCEW MO30JIH
(bHOPO3HOM WJIN XPSIICBOM TKaHBbIO M BpacCTaHHUE COCYIOB B
KT (PUIITPOBAHHYIO MO30JIb. [Iporecc HaunHaeTcs ot

nepudepuu K IIEHTPY

dopMupoBaHuE
KOCTHOW MY(ThI BAAIH
OT IIEJIN MEPETOMA 3a
CUET
MHTPaMEMOPaAHO3HOM
OCCU(HKAIIHH.
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dopmMmmpoBaHme TBEPOON MO30NU

FpybSOBONOKHUCTAN KOCTL = MECTKAR MOIONL

Xpaw

[lonHnas 3amMena M030J11

KaJIbLU(PUIIUPOBAHHON TKAHBIO
IIyT€M HHTpaMeMOpPaHO3HOU U
HXOHIpAILHON OCCU(HUKALIUU




PemogenunpoBaHue

MnactusvaTtan koctes  Ocreobnact




Local Regulation of Bone Healing

® Growth factors

® Cytokines

® Prostaglandins/Leukotrienes
® Hormones

® Growth factor antagonists
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Growth Factors

® Transforming growth factor

® Bone morphogenetic proteins
® Fibroblast growth factors

® Platelet-derived growth factors
® Insulin-like growth factors
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Transforming Growth Factor

® Superfamily of growth factors (~34 members)
® Act on serine/threonine kinase cell wall receptors

® Promotes proliferation and differentiation of
mesenchymal precursors for osteoblasts,
osteoclasts and chondrocytes

® Stimulates both endochondral and
intramembranous bone formation

® Induces synthesis of cartilage-specific
proteoglycans and type II collagen

® Stimulates collagen synthesis by osteoblasts
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Bone Morphogenetic Proteins

® Osteoinductive proteins initially isolated from
demineralized bone matrix

® Proven by bone formation in heterotopic muscle
pouch

® Induce cell differentiation

® BMP-3 (osteogenin) is an extremely potent inducer of
mesenchymal tissue differentiation into bone

® Promote endochondral ossification

® BMP-2 and BMP-7 induce endochondral bone
formation in segmental defects

® Regulate extracellular matrix production

® BMP-1 is an enzyme that cleaves the carboxy termini
of procollagens I, Il and III




Bone Morphogenetic Proteins

® These are included in the TGF-p family
® Except BMP-1

® BMP2-7,9 are osteoinductive

® BMP2,6, & 9 may be the most potent in osteoblastic
differentiation

® Work through the intracellular Smad pathway
® Follow a dose/response ratio




BMP Antagonists

® May have important role in bone formation
® Noggin

® Extra-cellular inhibitor

® Competes with BMP-2 for receptors




Fibroblast Growth Factors

® Both acidic (FGF-1) and basic (FGF-2) forms

® Increase proliferation of chondrocytes and
osteoblasts

® Enhance callus formation
® FGF-2 stimulates angiogenesis




Platelet-Derived Growth Factor

® A dimer of the products of two genes, PDGF-A and
PDGF-B

® PDGF-BB and PDGF-AB are the predominant
forms found in the circulation

® Stimulates bone cell growth
® Mitogen for cells of mesenchymal origin

® Increases type I collagen synthesis by increasing the
number of osteoblasts

® PDGF-BB stimulates bone resorption by increasing
the number of osteoclasts




Insulin-like Growth Factor

® Two types: IGF-I and IGF-II
® Synthesized by multiple tissues

® IGF-I production in the liver is stimulated by
Growth Hormone

® Stimulates bone collagen and matrix synthesis
® Stimulates replication of osteoblasts
® Inhibits bone collagen degradation




Cytokines

® Interleukin-1,-4,-6,-11, macrophage and
granulocyte/macrophage (GM) colony-stimulating
factors (CSFs) and Tumor Necrosis Factor

® Stimulate bone resorption
® [L-1 is the most potent
® IL-1 and IL-6 synthesis is decreased by estrogen

® May be mechanism for post-menopausal bone
resorption

® Peak during 1% 24 hours then again during
remodeling

® Regulate endochondral bone formation




Prostaglandins / Leukotrienes

® Effect on bone resorption is species dependent and
their overall effects in humans unknown

® Prostaglandins of the E series
® Stimulate osteoblastic bone formation
® Inhibit activity of isolated osteoclasts
® Leukotrienes
® Stimulate osteoblastic bone formation

® Enhance the capacity of isolated osteoclasts to
form resorption pits




Hormones

® Estrogen

® Stimulates fracture healing through receptor
mediated mechanism

® Modulates release of a specific inhibitor of IL-1

® Thyroid hormones
® Thyroxine and triiodothyronine stimulate
osteoclastic bone resorption
® Glucocorticoids

® [nhibit calcium absorption from the gut causing
increased PTH and therefore increased
\_ osteoclastic bone resorption -




Hormones (cont.)

® Parathyroid Hormone
® Intermittent exposure stimulates
Osteoblasts
Increased bone formation

® Growth Hormone
® Mediated through IGF-1 (Somatomedin-C)
® Increases callus formation and fracture strength




Vascular Factors

® Metalloproteinases

® Degrade cartilage and bones to allow invasion of
vessels

® Angiogenic factors
® Vascular-endothelial growth factors
Mediate neo-angiogenesis & endothelial-cell
specific mitogens
® Angiopoietin (1&2)
Regulate formation of larger vessels and
branches




Local Anatomic Factors That Influence

Fracture Healing

® Soft tissue injury
® Interruption of local blood supply
® Interposition of soft tissue at fracture site

® Bone death caused by radiation, thermal or
chemical burns or infection
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Systemic Factors That Decrease

Fracture Healing

® Malnutrition

® Causes reduced activity and proliferation of
osteochondral cells

® Decreased callus formation

® Smoking
® Cigarette smoke inhibits osteoblasts
® Nicotine causes vasoconstriction diminishing
blood flow at fracture site
® Diabetes Mellitus

® Associated with collagen defects including
decreased collagen content, defective
cross-linking and alterations in collagen sub-type
ratios




[lepMeHHOe anekTpoMarHMTHoe

rnorie

® Onoopeno FDA mns neuenus necpaienus mepeioMon

® DbPEeKTUBHOCTh KOCTHOM CTUMYIISIUM 3aBUCHUT OT
JaCTOTEL.

Haunobonee 3(ppeKTHBHBI HU3KOUYACTOTHEIC
CUHYCOHUJIAIbHBIC DJICKTPUUYCCKUE MOJIS B
¢usnonornyeckoM (nuanazon or 15 o 30 I'n)




YnbTpasBykK

® ViLTpa3sByK HHM3KOM MHTEHCHBHOCTH onoopen FDA
JUIS CTUMYJIMPOBAHUS 3a)KUBJIEHUS CBEKHMX IEPEIOMOB

® MoaynupyeT nepeaady CUriana, YBeIn4ruBacT
SKCIIPECCHUIO T€HOB, YBEJINYMBAECT KPOBOTOK,
YCUJIMBAET PEMOJICITNPOBAHNE KOCTH U YBEINYNBACT
CKOpPOCTh 00pa30BaHUs MO30JIU




YnbTpasBykK

® KIIMHAYECKHE UCTIBITAHUS HA JIOAAX MOKA3bIBAKOT
CHUYKCHUE BPEMEHHU PETECHEPALINU TIPU CBEKHUX
repeaomax




