KEMIK DOKUSU




Kemik dokusunun Fonksiyonlari

Destekleme

Koruma

Hareket

Mineral depolama (Ca, P)

Kan yapimi

Enerji depolama (kemiklerdeki sari kemik
i1igi)



Hucrelerarasi madde (matriks)

|. Organik maddeler
| tip Kollagen iplikler(%695)

« Sekilsiz temel madde: proteoglikanlar (kondroitin-4-sulfat,
kondroitin-6 sulfat, keratan sulfat), glikozaminoglikanlar
(hiyaluron asidi) ve glikoproteinler(osteonektin)

Il. Inorganik maddeler (temel mad. yarisi)

Kalsiyum fosfat (%85), Kalsiyum karbonat(%10), Kalsiyum
fluorid,

Magnezyum fluorid, Magnezyum hidroksit, Magnezyum sulfat,

Ca ve P Hidroksi apatit kristalleri olusturur.Bunlarin

yuzeylerinde su ve diger iyonlar ince bir tabaka halinde
toplanirlar



Kemik dokusu

Primer kemik dokusu
(Olgunlagsmamis kd)

Intrauterin hayatta
sekillenen kemik
dokusudur.

Kollagen iplikler
gelisiglzel seyrederek
aglar olusturur.

Temel madde henuz
Kireclesmemistir ve
hucreden yana zengindir

Sekunder kemik dokusu
(Olgunlagsmis kd)
Lamelli bir yapi gosterir.
Kollagen iplikler kemik
lamelleri icinde ozel
bicimde yerlesirler.

Bir lamelde birbirine

paralel seyreden kollagen

Iplikler (hidroksi apatit kristalleri
bu ipliklerin Gzerine oturur)

komsu lameldekilere
capraz yonde ve spiraller
yaparak dizilirler.



1-Sungerimsi (spongiyoz) kemik

Sekunder kemik dokusu

2-Kompakt kemik

Birbirleriyle anastomozlagsan
kemik lamellerinden olusur.
Bunlara “trabekul” adi verilir.

Trabekullerdeki kemik lamelleri
birbirlerine paralel seyirlidir.

Trabekullerin aralarinda

kemikiligi ile dolu duzensiz sekilli

bosluklar vardir.

Havers ve Volkman kanallarini
icermez.

Damarlar bulunmaz.

Beslenmelerini kemik iligi
icindeki kan damarlarindan
kanalikuller araciligiyla alirlar.

Kisa ve uzun kemiklerin metafiz

ve epifizlerinin i¢c kisimlari ile
yass| kemiklerin i¢ yuzlerinde
bulunur.

Kemik lamelleri 6zel bir
dizilime sahiptir.

Spesiyal, ara(interstisyel)ve
sirkumferensiyal lamelleri igerir
Havers ve Volkman kanallarini
icerir.

Kemik dokusunun matriksi bu
kanallar icinde bulunan
damarlardan cikan besin
maddelerinin difuzyonu ile
beslenirler. (Foramen nutritium:
Kemik yuzeyindeki besleyici
delikler, kan damarlari buralardan
doku icerisine girer)



Havers Sistemi (Osteon)

Kompakt kemikte bulunan lamellerin bir bolumu Havers

kanallari etrafinda ic¢ ice yerlesmistir. Bu tur lamellere spesiyal
lameller denir.

Ortadaki Havers kanali ile bunu gevreleyen spesiyal lameller
bir sistem kabul edilir ve Havers Sistemi ya da Osteon olarak
iIsimlendirilirler.
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Diger lameller ise ara (intersiyel)
lameller ve sirkumferensiyal lamellerdir.
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Spongiyoz kemik
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Trabecular bone lamellae
Polarizing microscopy




Articular
cartilage

» Epiphyseal
lines

bone SN
Compact bone —°
Medullary
cavity (contains —
yellow marrow)

- Diaphysis

Endosteum ;

(b) Adult bone

Kompakt kemik




Compact bone
Polarizing microscopy
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Kemik Hucreleri

Kemik dokularinda dort tur hucre bulunur

*Osteoprogenitor (osteojenik hucreler)
*Osteoblast

*Osteosit

*Osteoklast



Osteoprogenitor (osteojenik) hucreler

-Kemik hucresi olma yonunde kosullanmis mezenkim hucreleri

-Mitozla bolunup ¢ogalirlar, cogalan hicrelerin bir boliumu osteoblastlara
donusurler

-Sekunder kemiklerin zarlarinda ve kanallari gevreleyen bag dokuda inaktif
olarak bulunurlar

-Gerekli durumlarda aktiflesip bolinerek osteoblastlari meydana getirirler
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Osteoblastlar

- Kemik yapan hucrelerdir

-Kemik trabekdullerinin (stingerimsi kemik) ya da lamellerinin (kompakt
kemik) ylzeylerinde tek sira halinde dizilmiglerdir

-Sitoplazmalari granullt ret. ve Golgi aygitlarindan zengin (yuksek
metabolik aktivite) ve ¢ekirdekleri okromatik

-Kemik matriksin organik bolumunu (kollagen ipl.,proteoglikan,
glikoprotein ve glikozaminoglikan) salgilarlar. Henuz kireglesmemis bu
tur temel maddeye osteoid denir

-Osteoblastlar, osteoid doku icinde gomulu kalirlar ve bu doku

kireclesince aktiviteleri azalir, sekilleri baS|kIa$|r ve birer os’teosn
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Osteositler

-Osteositler, kireclenmis kemik matriksi icinde kalan ve met. aktivitelerini
azaltan osteoblastlardir

-Lakunlar igerisinde, uzun sitoplazmik uzantilari kanaliktllerin uclarina
kadar uzanir

-Kemik matriks kireclesmis oldugundan madde transportu osteositler
uzerinden gerceklesir, uzantili olmalarinin nedeni budur

-Kemik dokunun canli kalabilmesi osteositlerin varligi ile olanakhidir
-Osteositler de osteoblastlar gibi bolunme qucunu kaybetmis hucrelerdir
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Osteoklastlar

-Kemikleri yikima ugratan hucrelerdir
-Kirmizi kemik iligindeki koken hicreler, osteoklastlarin salgiladigi maddeler
tarafindan uyarilir ve uyarilan hucreler birleserek (fuizyon) bir osteoklasti meydana
getirir

-Kemiklerin yapimi sirasinda osteoklastlar trabekullerin yuzeyinde ya da kompakt
kisimlarin i¢ yuzlerine yerlesip buralari eritirler, boylece kemikler genisleyip
uzayabilme olanagina kavusurlar (bir taraftan da yapim)

-Bu yikim olaylarinda agiga ¢ikan kalsiyum kana gecer, kan kalsiyum miktarini
ayarlanir

-Osteoklastlar ¢cok iri hucrelerdir, elli kadar ¢cekirdek icerirler

-Sitoplazmalari asidofiliktir ve fazla miktarda lizozom igerirler.Lizozomlarda
lizozomal enzimler ( asit fosfataz, kollagenaz, diger proteazlar v.s.) bulunur

-Kemik ylzeyinde oturduklar yerler bu enzimler nedeniyle ¢ukurlasir (Howship
lakunlarr)

-Paratiroid hormonu osteoklastlari uyarir ve kana fazla kalsiyum gecer. Buna
karsilik tiroid bezinden salgilanan kalsitonin hormonu matriks yapimini kamgilar ve
kan kalsiyum miktarini dusurerek denge saglar
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KEMIK ZARLARI

Periosteum:

-Kemiklerin dig yuzunu orten zar

-Gelisme doneminde iki kathdir, dig zar duzensiz siki bag
dokusu yapisinda, i¢ kat ise hucreden zengindir (Periostal
hucreler, osteoprogenitor hucreler)

-Kemik yapimi ve onarimi sirasinda i¢ kat ¢cok aktif
-Periosteum damarlardan zengindir, hem dokuyu hem zari
beslerler

-Olgun kemiklerde periosteum kemik dokusuna siki
sekilde yapismistir (Sharpey iplikleri; kas, tendo ve lig.
kemiklere baglandiklari yerlerde bol )

- Eklem yuzleri disinda kemikler hertaraflarindan
periosteum ile cevrilmiglerdir




Endosteum

-Kompakt kemiklerin i¢ yuzleri ile sungerimsi
kemikleri olusturan trabekuller endosteum ile
ortuludur.

-Retikuler bag dokusundan yapilmistir

-Bunun kemik dokusuna donuk yariminda tek sira
halinde osteoprogenitor (endostal) hucreler
bulunur.




osteon (Haversian system)

The fundamental living unit of bone; consists of
cells, layers of matrix and vessels.
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Bone Lining Cell (BLC )
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Physiology of ossification

ossification (osteogenesis)
Bone formation.

Starts 1n either cartilage or CT layers

Involves 2 cell types

Chondroblasts

Which from the cartilage model on which the bone structure is
based.

osteoblasts

Which produce bone within the cartilage model.

Two types of ossification:
Intramembranous
Endochondral



Intramembranous ossification

Takes place within a CT layer during fetal development

ossification center
Is initiated by a blood vessel which penetrates the middle of

the CT layer.

The cells in the center transform into osteoblasts, which
begin to form a collagenous matrix- non-calcified.

The matrix becomes calcified later forming trabeculae.

trabeculae fuse
Forming the mesh-like structure of spongy bone.



Apposition

The process of laying down bone on pervious deposits of
bone; increase bone thickness.

There are layers of osteoblasts on either surface of the CT.

As these osteoblasts produce matrix on the surface of the CT
model, the bone increases in thickness.

osteocytes

The osteoblasts become trapped in the growing matrix.

As the matrix becomes calcified these cells become osteocytes



endochondral ossification

Endo= within; chrondral=cartilage

Bone formation within a cartilage model

Diaphysis Within the shaft of the bone

Epiphysis <

Il

This 1s where ossification starts. T—
A blood vessel triggers changes i the surface of-
cartilage model Caiitliigs Diaphysis ~
Epiphysis -
hyaline cartilage model

Is covered by a CT layer called the perichondrium

Def: “near cartilage membrane™




perichondrium to periosteum

The blood vessels trigger a conversion of the perichondrium to a periosteum

This membrane begins to secrete a bony material which encircles the middle of
the diaphysis.
This 1s called the ....

subperiosteal collar

A ring of bone around

the diaphysis made by Uncalcified ~ . Perichondrium
cartilage .

appositional growth.
~ Calcified
cartilage

Periosteum

Primary X Bone collar |
ossification g -
Gouter Blood vessel

Cancellous
bone

Open spaces
forming in
bone




1° ossification center Isfound in the center of the diaphysis

marrow CaVity Is formed as the matrix is broken down by osteoclasts.
This will eventually fill with yellow marrow.

' ' Uncalicified > Perichondrium
CplthSlS cartilage._ My {
At either end of the bone. Is made of Ca'!ﬁfhl\ ‘

— cartilage
’ ) Periosteum )

- : Primary ; Bone collar
2° ossification center ossification { | .
center [ Blood vessel

Same sequence of events as the Rant o

bone

Open spaces
forming in
bone

formation of the ossification
center, but occurs within the
epiphysis.



Spongy bone Is formed within the epiphysis, rather than a marrow cavity.

The spaces between the trabeculae are filled with red marrow.

articular cartilage

Covers the distal and proximal surface of the epiphysis.

Forms part of the joint.

epiphyseal plate

A plate of cartilage found
between the epiphysis
(spongy bone) and the
diaphysis.

Epiphysis

Diaphysis -

l /~Articular cartilage

SN Cancellous
o ,_ v |bone
= 5%/ Blood




4 zones of the epiphyseal plate

1. zone of reserve (resting)
cartilage

Femur
p; Patella
Epiphysis of tibia

Epiphyseal side

Next to the epiphysis;
consists of hyaline cartilage

Anchor

Serves to anchor the plate to
the epiphysis

e

Diaphysis  Epiphyseal
of tibia plate
Nutrients

Also provides nutrients and

cartilage cells to the other
Zones




2. zone of proliferating cartilage

replacement

The cells supplied by the first zone multiply here.
The cartilage proliferates; this zone increases in
thickness.

Plate growth occurs here.
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Epiphyseal side

Diaphyseal side



3. Zone of hypertrophy

maturation  Epiphyseal side
The cells (still cartilage) increase in sizeand -‘_.:‘h; s B o e
reach maturity. g 7y . 3

Expansion

Growth continues here.
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Diaphyseal side



4. Zone of calcified matrix ‘Epiphyseal side

As the cartilage cells in the previous zone
mature, they convert the matrix into a caleified
matrix (not bone)

Dead cells

The chondrocytes die

Calcified

The matrix starts eroding;
breaks down and forms
pockets and spaces, which
merge to form the marrow

cavity (5)

Osteoclasts &
. [ g@
Cause the martix to erode. ) CONEY 400,;
The cavity fills with yellow Diaphyseal side

marrow
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