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* Cartilage is a supportive type of connective tissue
whose ECM is of a firm consistency which allows

the cartilage to bear mechanical SIresses, s>s == firm o5
chondrocytesd!

Cartilage is characterized by : L 58 Ul gall dapda s
* Cartilage 1s formed of Chondrocytes and ECM. This

ECM 1s composed of fibers and ground substance
synthesized by the chondrocytes.
ECMJ Lissi A a5 cartilage 43 i (=led chondrocytes 4 gl 43) Cajel e 2 ya

* According to the relative contents of the ECM,
cartilage can be divided into three types:

1. Hyaline Cartilage.

2. Elastic Cartilage.

3. Fibrocartilage.
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* Cartilage contain no blood vessels or nerves.
Nutrients and stimuli reach this tissue by diffusion

from the Perichondrium or from the nearby synovial
ﬂu1d L;A L‘“\ SYHOVIal ﬂllldd\ LS")L e Cartllaged\ 4\_1&:_1 ﬁ'“_]()lntSd\ L.'vﬁ

Perichondriumd) G b e <o (Sl L
ey Wl iy jlanlly Gledl) juan Wl sty oS perves 4 L cartilaged) 43) Loy cuka*

JIA A as) s )La) Jas A sa 5 Perichondriumd) (e pressure ders Ly
* Perichondrium:

Is a layer of dense connective tissue that covers all
hyaline cartilages (except in joints) and all elastic
cartilages. It’s richly vascular and contains collagen

fibers and fibroblasts. [IfSTessential " for the
nourishment of thecartilage, o< - - clasticd o

) fibro cartilagedb 2 s> e
Peri- = around. Chondro- = related to cartilage. (perichondriumd\e L;L"““ 3

) Epithelial tissued) ) éj




oe ke Leeli skeletond)
~ bones Ui« cartilage

1. Support of soft tissues, as in the larynx and trachea.

2. Acts as a shock absorber as 1n the intervertebral disc.

3. Important for development and growth of bones before and
after birth.

/

~ Functions of Cartilage:

Chondrocvtes: (The characteristic cells of cartilage)

Oval or round cells.
Located inside spaces in the surrounding matrix called

lacunae. ..ground subdb iblas s ECMUJ) 8 3 i cellsd) <€ dalull CTJI ¢ 5k,
cellsdle (s it 3 yrua cavities & Jacunae L) empty spaces bie 4 s o

4
4

 Each lacuna may contain 1-8 chondrocytes.
J  Function: production of the ECM including the fibers and
large molecules of the ground substance.

Lacuna (plural, lacunae) = small space, gap 4
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% The most common type of E m( o )
cartilage. Fresh hyaline cartilage is ca
bluish-white 1n color.

» The chondrocytes are oval or

round. il Jacunaed) Ltk il sall €=
chondrocytesd! 2\

s The ECM is rich in collagen fibers.

» The ground substance i1s rich in
hyaluronic acid.

acidophilic ¢ sS4 collagen fibersd! g ‘ X0 T da o 2
¢S hyaluronic acidd) Ly e o
alasall cartilaged! ¢S . basophilic e bl ‘iﬁu"j‘ ‘A‘ A8kl . \l/
fibersd) 43 cuadl 5 | audiy ol jelay busy A Perichondriumd) 5 e JL&IL ala
,bundles & zexily bt cartilageJu cartilaged o=
1.&,):13\4 )&LJ Loy daually )—’\-‘-’-‘ Lad Fig.1: Hyaline Cartilage. P = perichondrium. M = ECM.




(fetal / embryologic life) sl sk J3A
“ During development, it serves as a template for the

formation of long bones. J3a cartilage o= 3ke 550 bonesd! (o LES*

ossification e jua; larey) 52Y S Ja il sl

% Location (in adults): e e

1. Articular surfaces of bones in some joints.

head of humerusd! s jointd) (& Jaas A adasll fpe ¢ ol Jazd,
2. Some cartilages of the airway passages (nose, thyroid
and cricoid cartilages of the larynx, and trachea).

3. Costal cartilages. L__; &b Jarynxd) S Ui
4. The epiphyseal growth plate. cricoidd! s thyroidd)!
Jshall alaall sai o Al g suall 2%

STl gl V) Al Y g daall g A lan 6




Elasti tilage

>

» The ECM of this type of

cartilage is rich in elastic
fibers which give the fresh

cartilage a yellow color.
(0 B_yS 4aaS oS i g pand gl 3 ) aaally < 3
e s siah A Jacunaed)
lacunaed! o= A IS5 chondrocytesd)!
elastic fibersdl s Galall 5t
» Location:

1. Auricle of the ear.

2. Wall of external auditory o nain L e
canal. perichondriumd) ¢ 4k Gl layle

3. Auditory tube. de pap¥l S ) Adall Lads (2)

4. Epiglottis and cuneiform (leir= & 058 o hyalined
cartilages of the larynx. Fig.2: Elastic Cartilage. Special stain

was used for the elastic fibers. Note
the perichondrium on both sides. 7




v' The chondrocytes in the
lacunae are  arranged
axially.

v' The matrix is rich in

v This type of -cartilage
possesses no perichondrium.

A A (e dipiai e d*‘*—’ Fig.3: Fibrocartilage. Note the axial
S bl e gll (Se e 4 alayaall arrangement of the chondrocytes and
perichondriumd) JYA (je aghad CuilS the acidophilic matrix.

v Location: Intervertebral discs, pubic symphysis and the
menisci of the knee joint.
dense 4sul ;38 L G densely packed (sS4 collagen fibersd! 43 (e a2 I*
cartilage Jba S22 ..chondrocytes (e s sis 43 cuidl g collagenous CT s



Cartilage in external ear

N LIS R

Respiratory tract cartilages
in the lungs, trachea,
and larynx

Meniscus (padlike
cartilage in knee joint)

Articular cartilage
of a joint

Articular cartilage
of a joint

Costal cartilage

Cartilage of
intervertebral disc

Pubic symphysis

[ Hyaline cartilage
B Fibrocartilage

B Elastic cartilage

Fig.4: Location of the
different types of cartilage.




These discs are located
between the bodies of two
adjacent vertebrae.

They’re formed of two
parts:

Outer Annulus fibrosus.
Inner Nucleus pulposus.

They act as cushions and
ShOCk absorbers fOI’ the Fig.5: Parts of the intervertebral

disc.

vertebrae. And supports the vertebrae

10



Annulus fibrosus: )
~ o It’s formed of an external layer \
of dense collagenous irregular
connective tissue. Internally,
there are multiple layers of
fibrocartilage. The direction of /4
the collagen fibers in any layer !

1s 90° to that of the adjacent :

layer. oS anh JS A fibersd) ol Je 538,
858 Lghany (p2ala 5 Lgtind M (e (5350 g,

Lamella Fig.6: The annulus and its layers.

L_m\)ssl\ecmu\...ncé..a))a)
D 5

Collagen fibre cartilaged) Jia 3 ) gpalls A

alignoent two vertebrae (2

o This arrangement makes the annulus resilient and
enables 1t to act as a support for the vertebrae. n




~ Nucleus pulposus:

o It’s formed of a gel-like
substance rich 1n hyaluronic
acid and some collagen fibers.

o It may contain some cells.
o It has a high water content.
o It acts as a shock absorber.

high water = gel-like substance (4335 L&Y
Jazall o5 gall Jat g | leda (ateas 40l ¢ S content
oL (s Rl 3 gl AUl 3 88 (e Jaisy

Fig.7: The nucleus pulposus and how it acts as
a shock absorber.

JAML\JMLALAMJCL@?@JM 12




(FRONT)

Herniated

Disc prolapse -

—— Sy Annulus dica
~ % 1If the annulus weakens, the nucleus will /= Mo o
protrude outside the disc -2 Disc = =
prolapse/herniation. —_ Z A
¢ This may cause compression on the spinal saialn | 6:/3
cord or the roots of the spinal nerves. (éiéf()
NP <l g3k 75 AFJL JI& o) Canim (18 A gauddl (40 & 53 L 40Dl 33 NPJ) ) Ly
¢ Percutaneous Laser Disc Decompression Fig.8: Disc prolapse.

- An optical fiber through a hollow needle 1s inserted into the
herniated disc

- Laser beam is delivered to the nucleus pulposus through the
fiber. This will evaporate some of the water in the nucleus
creating a vacuum.

- The herniated disc will recede back into this vacuum

relieving the compression.
o= laser bl (uaxs optical fiber Wlalas o sl Jaal 3] oa disc prolapsed! Al (3 5k (e
oAk Ul all 48 5~ ) laserd® water (e (558 i) Lay NPJ e fiberd) Gib
bl daa sl daa 5 discd) s g1 Al (2l 5 (E1,8) vacuum ie derys elall e 6



~ 1 Cartilage Formation, Growth and

Repair

1 Formation of cartilage is from precursor cells called
Chondroblasts. = s chondroblasts leas! LA (saie dyial) slal) (LS
cartilaged 3% 5 chondrocytesd J s~

L Growth of cartilage is by two methods: In adults (after birth)
(Within the tissue)

1) Interstitial growth . in which the chondrocytes of the
cartilage divide to form new cells.  cartilaged) Jals Lo
(OB Oe Sub) S 5 andily

2) Appositional growth: in which the cells of the surrounding
perichondrium differentiate into chondrocytes.

cartilaged) (» 48kl J sa% cartilagedb dasdll perichondriumd!

U Cartilage repair i1s usually slow and incomplete due to the
avascularity of this tissue. =+ 2 ﬂf"* JJ“f“ Seile=io alazl) gai
lend 4 gad due 5l 2 g g a2e i
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Bone 1s a structural type of connective tissue characterized by
the presence of a calcified extracellular matrix (called Bone
Matrix) with 3 types of cells: bones ggie ) gl 43} J A1 5380 g
N~ il agd o gl a5y
1. Osteoblasts 2. Osteocytes 3. Osteoclasts

Functions of Bones A Gl s s 0 bonesd) 2 ECMJ)*
1. Support fleshy tissues (Calcified 4lSan dla (lie) Cadl 252 5

2. Protect vital organs: Skull protects the brain. Thoracic cage
protects the heart and lungs.

3. Store and release of Ca’* and PO,* ions.
4. Some bones contain red marrow which i1s the site of

formation of blood cells. ¥y, redJ . .bone marrowd) (s cre 5 saic
(S A83le 4] L fatty tissue e 3oke 4 5 yellowd SU & sl 5 48 blood cellsd) 25 5 v
yellow BMJ J sk juay jexll a28i aa g lan 3 08 (S Red BMJ) 4aS el glan | aall L3S

\

5. Act as levers that multiply force of contraction of muscles.
Reducing the power

needed 1in some actions

Osteo- = related to bone. —clast = break. Bone tissue = osseous tissue.




1) Osteoblasis ™ =" ™
form bones
It Osteoblasts are responsible for the formation of the

organic matrix of bone and the subsequent deposition of

minerals. U ol dila) Jle Jess organic componentsd) ¢SS L
ad ne s PO4 5 Ca (s plaall Lgaling

¥t They form a single cell-layer on the surface of bones.

3t ACENVECCIENEIe cuboidal or low columnar with

basophilic cytoplasm. Inactive cells are flattened and
less basophilic.




1t Osteoblasts secret the organic matrix from its surface
in contact with old bone, creating an area of yet

unmineralized bone called Osfeoid. (2sV) e sl
=l 5 ((A310) boned) il agie aal 5 | e el osteoblastsd) | 4Y jesl 455 s boned! Jiw
alaall a5 Lein panl ba G e jelaty BCMUJ) 18k o & =l | collagen fibers (e (s sis
Cn Ll (35S Ala el sla G abaall (3 sealls Lale 330 aglll) | 5 el osteoblastsd) s .. S
Ca 5 0lze 428 La 43Y osteoid (ans il salle (il osllly

Lt Later on, osteoblasts will deposit _ 4

form the bone matrix.
inorganic J! (&) )18k a5k BaY
W e s minerals (= components

Lo o5 Ca e (s sind Ll allaally bl Lo yi%
bones W iz Lo Led

Fig.9: Osteoblasts (OB). Note how they form as
single layer. The bone tissue is red in color due to
high collagen content. The narrow faint line adjacent
to the osteoblasts is the newly formed osteoid.

-oid = similar to, like.



' ! , Z; , L Wy matrixd) =il osteoblastsd)!
Z OS’fé@C fes osteocytesd d;i:u;) Jalsll L
31X An osteoblast will eventually be surrounded by the matrix it
produced and 1t’ll convert into an Osteocyte. Osteocytes are
flattened, almond-shaped cells featuring cytoplasmic processes
with reduced rough endoplasmic reticulum and Golgi complex
and darker nuclei. That’s why its less active than the osteoblasts <)
31X They’re involved in the maintenance of the bony matrix.

& osteocytesdl xaai Loy moleculesd! (s 83 5 sl maati s fiber i § Jix
(osteoblastsd) 4dda 5 & JalSIL vas alae 0 65 ) Leagsiy )

31X Each osteocyte is located within a /acuna. _
[ocatediinibony canals called Gamaliculs. > *=~'» = o= 5= lacuna JS

31X Processes of osteocytes are connected with each other by gap
junctions, allowing transport of nutrients between cells. This is
vital because the passage of nutrients through the calcified
matrix 1s difficult.
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The osteocyte
inside the lacuna
LFA“I “ ....l . “)
(lacunad\ u-é ua-u‘ﬁh

Cell process inside a canallculus

o canaliculi JS5s
¢ U processd) Ld>a
osteocytesd

e r—

=9

.
: '

[ 3

-

~

\:
\/

Lacuna Canaliculi

e Lgie adlay Jacuna JS

| shaxi 31 5 canaliculid! ¢

gap junctions<

Jua ¢ Ao acludy 3U8 (e 3 ke Jacunad
L.,SL“ L 4\_'1\;1 (Jaad\ di\d J\}d\ ds.\j
calcified boned! J2& (a juad 3 54l

Fig.10: Osteocytes. The EM image to the left clearly shows the lacuna, the cell processes and the canaliculi.



3 l OS f’e@CIQS fs (The macrophages of bones)

1t Osteoclasts are large,
motile, multinucleated
cells.

1¥ They’re formed by the
union of several bone-
marrow derived

mononucleated cells.
Jsaih & alaall JAxi monocytesd!
(e 4e sana (22 macrophages
OsSh g Uy ae 22T macrophagesd)
..osteoclast

1¥ They’re responsible for
the resorption of bone.

v .
(Destruction)

Osteoclast

Bone matrix




Process of Bone Resorption:

1) Osteoclast works in a specified dep%rses%n called Resorption Bay

(Howship’s Lacuna).

2) Their cell membrane facing the matrix is thrown into folds called
the Ruffled Border (to increase surface area).

3) Around the ruffled border the cytoplasm is rich in Actin filament
which help in adhering the cell to the matrix (this area 1s called the
Circumferential Adhesion Zone).

4) Into the subcellular space thus formed, H® 1ons are pumped and

lysosomes fuse with the cell membrane and felease  their
SECICHONSIERCIGMECONAEERARES) to the outside. In this way, the

collagen and hydroxyapatite of the matrix are dissolved.

___inorganic componentsd) e M HJ o Gk e matrixd) <lssi s da o
collagen fibersd) el e Jexty A enzymesd ) Al




OSTEOCLAST
Nucleus

Nucleolus

Golgi
RER

-~Actin filaments

Section of
circumferential
Microenvironment of low pH clear zone
and lysosomal enzymes Ruffled border

Fig.12: Bone resorption by osteoclasts




Important note:

o The resorption of old bone by osteoclasts and its
replacement by new bone by osteoblasts 1s a
continuous normal process.

o It occurs to renew the bone so that 1t’ll always stay
strong to withstand the great pressures exerted on
the bone.

Clads (5685 5 dapadl] alaall iliada 105 (g0 B jalise dilee (s23e ()5S bonesd) (4
A58 g A o bdlas Jiay alaall liie | 3n0a
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Disease

Osteitis
fibrosa cystica

Pathology

Increased level of
PTH causes
excessive stimulation
of osteoclasts that
leads to increased
resorption. Cysts are
formed within the
bone.

Notes

Bones are
decalcified and
liable for fracture.

High Ca’" level in

blood Increases
risk of renal
stones.

X-rayd) 3, s alaally
|

saly 3 (sali ) 4t 3aly ) Ul G osteoclastsd) <wilb s e il o se 4 8 PTHJ)
zo Y U=l s resorptiond) dlee 33 ) ok ) Jullbs | osteoclastsd) bl
abaall Cileiza) 5 48lE8 Jeny 7 (ala 5 (@le) 3\ cavities) cysts (oSl saly
*Resorption means taking the components of the ECM of the bone to
the outside (to the blood)
b ad g pala gLl 8 Cadl 4w 3 3 7 ) S osteoclastsd) Jalds o j 4d) La g

S (pan ALY

PTH = Parathyroid Hormone. —itis = inflammation. Petrosis = stone.



Disease Pathology Notes

— Bones are thicker
and appear denser

Genetic disorder in
on X-rays.

. | which there’s
Osteopetrosis .
abnormality in

(Marble bone — The bone marrow
) osteoclasts that leads ..
disease) cavity 1s narrowed
to decreased .
S - anemia and
P increased risk of

infection.

Ledans 5 3 &1 all alanil

o, 2l (e Wiy | osteoblastsd! Blias 383h ) sa o) IS AL AT
man 7 Sl | adaall 0 S5 AGS osteoblastsd) bl Wi J ~ 5 resorptiond)
O5Sh adll 43) Lays | sual yuai = ) bone marrow cavityd)s ,AStaw ST alasll
.anemiadl G (Sea Ay aall 4 &5 & (bl (62h # ) (=t bone marrowdb
D8I al e cbaal) (i i g delidl Jls ~ ) white blood cellsd) (o s<s 4l 5




Bone Matrix
a) Inorganic Components: (50% of dry weight of bone)7
.

* Mainly Hydroxyapatite crystal [Ca,,(PO,).(OH),
* Various 1ons and compounds. w1 ) s sl s oL < UL j\s/@u
o Aleliie O Sy e G PO4 5 Ca 0sSh bl (S 5 inorganic gaie Juais () 3 sall

. hydroxyapatite JS& e 332 3o 5 hydroxyl groups
b) Organic Component:

* Fibers: Collagen.
* Ground substance: Proteoglycans and multiadhesive
Glycoproteins.— st (Sl Led s ) e e bonesdb 4als gl sil ()5S
— ¢ (Ca?* binding proteins (Osteocalcin).
Ca Aggregate and accumulate (a5 5 2ea1) in bones because of osteocalcin
— ¢ Alkaline Phosphatase in matrix vesicles (which

% increase PO, concentration). > osteoblastsJ) ta s
These both are specific in bones alkaline” = s sisk vesiclesd) ¢sla s
B PO4J) Sy ey 3 ik 5 N phosphatase -




v In the matrix the association of minerals with
collagen fibers is responsible for the hardness and
resistance of bones. componentsd) e cre il e sacina pUaall L3l

S8 Ui sl g8 5
v If Ca’* is removed, the bone will maintain its shape

but become flexible as a tendon.  cojagend! te Joms Cad) ks 13

J<ad | (dense regular collagenous CToe 3 ke tendondl) tendondb 4x8l s s fibers
(ricketsdb par I als 5) iy 4S54 (Sas Jaziial (i 23 13) Gy A1SE e Bdlas Jumy 7 ale

v If collagen is removed, the bone will maintain its
shape but becomes fragile and easily broken.

(3e Jualy Gy ALIE S gl Jin) el Al 5 ye 234 ) Jadd Ca 0o 3k (IS 4l
oSl Jem g id yuan g




Periosteum and Endosteum

* Periosteum: A thick connective tissue layer that covers

the outer surface of the bone. It consists of an outer
layer of dense collagenous fibrous tissue with fibroblast,

and an 1nner single layer of osteoprogenitor cells.
osteoprogenitor cells are the original stem cells of the bone..

bonesd (x5S Aalall die gsteoblastsd) (rsSS e A g o) LIAD & Jiay
A number of collagen fibers pass from this layer to the

bone matrix attaching them together (these are called
Pertforating fibers).

Uary o 5) yal Ly s s bone matrixd) ) Y sas periosteumd! G_iah sl fibersd)

* Endosteum: A thin layer that lines the inner surface of

the bone. Formed of a single layer of osteoprogenitor
cells with osteoblasts.




L e

J ', . ':. ) . "3.":‘

.-.' , ' ‘\;M k 3 ; _ . '

e 2R m T

< EJ ..periosteumd) 2 5zl e Sl askll Jiah PJ) | spongy boned sla 3 ) sall

(g ..osteond 4aly g (g pea) ool A oo alaall) allaall ol jas ety ) dagd ) daulal)
blood vesselsd! e iy A cule) jall b gy alaal)

Fig.13: Periosteum (P) and Endosteum (E). The spaces between the bone
tissue are filled with blood vessels and blood elements. The perforating fibers
cannot be seen by routine LM study. Also note the osteon (O).

;(' *




Classification of Bone

I Gross Morphology | | Histological I Shape of bone
of section Features P
9 ‘ 9 ‘ 9 ‘
I Compact I Primary [ Long
9 ‘ 9 ‘ 2
[ Cancellous [ Secondary l Short
=2
[ Flat
2
[ Irregular

(95

Cancellous = latticed, porous.




According to Gross Morphology:

o Inasection, a part of the bone appears as a dense area with
generally no cavities. This 1s called Compact Bone.

o Another part have several
interconnected cavities.

This 1s called Spongy

(Cancellous) Bone.

o Histologically, both the

compact bone and the
trabeculae of the spongy

bone have the same:
features.

Fig.14: Compact and Cancellous bones.




According to Shape:

A Long Bones have a tubular shaft, the diaphysis, and an expanded
epiphysis at each end. The shaft has a central cavity for the bone
marrow (called marrow or medullary cavity). The shaft 1s mostly
composed of compact bone with a thin layer of spongy bone

surrounding the cavity. The epiphyses are composed of

thicknessdb G4 (w ,spongy s compact (se sill agd epiphysisd) s diaphysisd!

A  Short bones arc composed of spongy bone completely
surrounded by a thin layer of compact bone.

A Flat bones consists of two thin layers of compact bones (plates,

tables) separated by a layer of spongy bone called diploé.




Long Bone

Epiptiysis

Diaphysis

Eplphysts

3

/)

= ALy
| om ]

Articular catilage
Ephiphyseal line

Spongy bone

Medulary cavity
Nutrent roramen

Endosteum
Perosteum

Articular cartilage

(a)

| Periosteum Spongy bone

Compact bone

Bone marrow
in central
bone cavity

(b)

Fig.15: Composition of various types of bone. (a)
Long bone. (b) Diaphysis of long bones. (¢) Short
bones. (d) Flat bones of the skull.




According to Histological Features:

1) Primary (Woven) Bone:

» (Characterized by the irregular arrangement of its collagen
fibers. Osteocytes are more abundant (and few osteoblasts).
And 1t appears less dense on X-Rays due to less mineral
content. = AL aleall 5 Cad) dpaS 4] Jiry (s <o J8l osteoblasts le 43

= It’s the first type of bone to appear during embryonic
development and in fracture repair.
auall 8 (rare) ol a8 g 58 adultsdb Wl
= [t’s replaced by secondary bone, except in areas of fendon
attachment, tooth sockets, and near the sutures of the skull
bones.




Osteocytes

Fig.16: Primary bone.

Primary Bone




2) Secondary (Lamellar) Bone:

* Characterized by the arrangement of the matrix into
multiple layers called Lamellae. The osteocytes are
located inside lacunae found between the lamellae.

The Iamellae could be arranged as:

a) Parallel layers just mside the periosteum ( 7/e External
Circumferential Lamellae) or around the bone marrow
cavity ( 7he Internal Circumferential Lamellae)

Lamellae (singular = lamella) = Thin plates, layers.




(z‘Axnd most of the lamellae are arranged in this method

=

b) Concentric layers around a central (4jed central canal

canal  forming an  Osieon

in the

contains blood vessels, nerves, and  cenva
embedded 1n  loose areolar
connective tissue. The outer layer
of the osteon 1s rich i collagen

and 1s called the Cement Line.

* The collagen fibers in each lamella
are parallel to each other and
helically arranged. The collagen
fibers in adjacent lamellae are at

right angles to each other.
— .42 ) 90 fibersd) o 45l ) AW 5 layer o
And this gives more strength to the bone

Arte

ry with
(Haversian System). This canal swucwres | “™"™*
Nerve fiber 7

Vein

Collagen
fibers

Lamellae

)

Fig.17: An osteon.




* The central canals are connected to the periosteum,
the bone marrow cavity and to each other by
transverse (or oblique) Perforating canals.

c) Irregularly shaped groups of lamellaec called
Interstitial Lamellae. They are found between the
previous two and represent the remnants of osteons
that have been resorbed.

zi s | ledgas il jual | ddaaly osteond! Ais s slad jual L resorptiond) dsles
— interstitial lamellaed) St A - osteond! Ll e




Osteon
external

circumferential
lamellae

Performating

periosteum 1B ers /f;, -
Cellular /Vj
o g /

Fibrous layer

Perforating ~Central
canals canal

Fig.18: Secondary bone.

Central canal |orentation E\'\

© Sl g elaw) (o 8 Lo 38 eaa gl i glak

uli

({”’\7» (
Collagen T 7

fiber

Osteocyte

Canaliculi

lameliae

@ _ interstitial

Trabeculae of
spongy bone

Interstitial
lamellae

Space for
bone marrow

Trabeculae

Osteoblasts a
aligned along N
trabecula of
new bone

Canaliculi opening
at surface




Haversian Lamellae Lacuna Cement
canal

Osteocytes T

A vesselsd) @b e adaall Jia ¢y 433341
7oLl G central canald) (» el
LGalS alhall i g g alaall Clinda juaS jass
o Glidall BL ) gl Jlay) Ao Jory AlE
e alda M processesd! s lacunaed)!
alanll & ik 0 40230 A4S 43y )kl gla

Cellular processes

Fig.19: To the right, section through an Osteon. |
Note the concentric arrangement of the lamellae
(L). The central canal (H) is in the center. (O) =
osteocytes. (C) = Canaliculi. The image above
shows part of an osteon. Note the cement line.




Ossification

 The process by which new bone tissue is formed.

U It’s of two types:

1. Intramembranous: Is the formation of bone from a group
(membrane) of mesenchymal cells. It’s the process by
which most of the flat bones are formed= CT cells of the embryo

LA (e S 3o L3S LaY | cpiall 883 52 sall LA aal e (8
(osteoblasts/chondroblasts/fibroblasts)

2. Endochondral: Is the formation of bone from the matrix
of a pre-existing hyaline cartilage model of the bone.
Long and short bones are mostly formed by this method.
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Intramembranous Ossification: (flat bonesd o355 44 k)

1) In Ossification Centers, some mesenchymal cells

differentiate into osteoblasts.
osteoblastsd Js~ih 5 ylih mesenchymal cellsd)

2) These osteoblasts will form osteoid which will later
become calcified. Some osteoblasts will be surrounded by

bone matrix forming osteocytes in lacunae.
unmineralized bone ) osteoid ¢S 4k 583 4w G | bone matrix JS& GilS osteoblastsd)!

calcification 4 sy (x5 (matrix o
3) The areas of bone matrix will line elongated cavities that

are filled with blood-forming and mesenchymal cells.
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mesenchymal cells L2 250 A cavities
4) The numerous sites of ossification will eventually fuse

together, and so will the cavities.
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5) The bone thus formed 1s a spongy bone.
6) The cavity formed 1s filled with bone marrow.

7) At first, bone formed by osteoblasts is primary which
will then be converted into secondary.

8) The remaining non-calcified mesenchymal tissue will

form the periosteum and endosteum.
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Ossification centers form within thickened

(b) Osteoid undergoes calcification.

regions of mesenchyme.
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Fig.20: Intramembranous ossification.

Osteoid
Osteoblast

Osteocyte

Newly calcified
bone matrix

Periosteum

— Osteoprogenitor

cell
Compact bone

Spongy bone



Endochondral Ossification:

1) A model of the bone made from hyaline cartilage is formed.

2) A Bone Collar 1s formed around the diaphysis of the model.
This will prevent passage of nutrients from the perichondrium to
the chondrocytes. nutrientsd! 5380 e alaall (e 488 5 3ada gnie () 3K5,

3) Chondrocytes will produce alkaline phosphatase and they will
hypertrophy, enlarging their lacunae and compressing the
cartilage matrix between them. i matrixdls 2% ﬂnae‘h T

4) The compressed matrix will be calcified and the chondrocytes
will die forming a porous structure. L L. . calcification &l ra: s

(cellsd!) bonesd! Ul L il e (s siad L Ll L3y bones Lrassd oy

5) Osteoclasts will dig tunnels through the calcified matrix. In

these tunnels, blood vessels and osteoprogenitor cells from the

perichondrium (Which is now called periosteum) will reach the

matrix. i e osteoclastsd) dexy | gal alaall ) 0 (e S nutrientsd) Glie
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6. Osteoprogenitor cells will form osteoblasts that line the
cavities of the porous structure.

7. Osteoblasts will produce primary bone which will Ilater
convert into secondary bone.

The mesenchymal cells will convert into osteoblasts.. And osteoblasts will start to
form osteoid which will later become calcified to form bone matrix, the osteoblasts
will eventually be surrounded by the matrix and will convert to osteocytes >

primary ossificationd! Jiai LS dlaall sl

» Ossification in the diaphysis 1is called the Primary
Ossification Center. Later in life, Secondary Ossification
Centers appear in the epiphyses by a similar process

» In the epiphysis, the cartilage remains in two areas:
* The Articular Cartilage. This persists throughout life.
o e J s cartilage Jua
* The Epiphyseal Plate, which disappears during adulthood.
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Fig.21: Endochondral ossification.

and epiphyseal plates.
@ Epiphyseal plates ossify
and form epiphyseal lines.
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Fig.22: Formation of bone.
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Bone Growth & Repair

O Increase in length of bones occur at site of epiphyseal plate
before they’re closed. After closure of the plates during
adulthood, no further increase in bone length can occur. The
time of closure of the plate 1s specific for the bone. This can be

used to determine the age of the person.

Jha Sl A A Ghe | alaall Jghasaly ) e 3 )l a8 epiphyseal plated) 43 closedw 2 ssiall -
< epiphysisd) JSawdekae Aly ddaag g me dalae JSIclosure 4 yuay M el S
"?ﬂ\ Ul SN anl ‘;A.\saj\ ).ud\ ) L’és;ﬂ\_\ &jm}d\ Uala ?Ji:‘“:‘j 2523 PYCRRRTRTY clavicled!
Lgige die gl gall lac 48 jma g Cliall Al 5ol ol anly g )5y 2 )5 60 (S

D saaa Sl (5K 6 osteoblasts s osteoprogenitor cells ¢33 (iliss periosteumd) -
é Increase in width of bone can occur throughout life by
appositional growth from the periosteum.
1 Bone growth is affected by several hormones in the body, like
growth hormone.

d Repair of bone is usually very well because bones are well

vascularize




Tetracycline and Bones:

« Tetracycline binds with great affinity with Ca’* in recently
deposited bone matrix. Based on this interaction, a method was
developed to measure the rate of bone apposition, an important
parameter in the study of bone growth and the diagnosis of bone
growth diseases. | i<l (o)l i< Iaa iy jaa antibiotic stx tetracyclined!
Laal L 5 5, o) abaelly Cadb dasi i (fluorescence substance) e sale (laS 431 5
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* Tetracycline 1s administered twice to a patient, with an interval of
5 days between injections. A bone biopsy 1s then performed and
the sections are studied by means of fluorescence microscopy. The
distance between the two fluorescent layers is proportional to the
rate of bone apposition.
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Tetracycline must not be given to a pregnant or lactating
women or to a child whose teeth are erupting, because it may
bind to Ca** of the newly forming teeth of the child leading to
the permanent discoloration of the teeth.

newly Jb Jag yiy g dadie sale 43 Lay - 2o ga Uaiily 431 8 45 jae ¢ sSi Aadhal) L) - “

pac s Ld ailind Jall 5 5Uac ld formed bone LEJL‘ g tetracycline Jibll slhae) . Lo 5 )5
by S Uas ailinly Jay f pllasy 428Y Lem ol W g 2 a5 Adlall LYl a ka3
Lz 5, oYl 8 tetracyclined! 2 5l brownish discoloration W jra: (UV) Luedd)

(Sas 5 . ¢4 permanent discolorationd
s delall 81 yall o slac ) &3 13) il Jits 4
J 5 S 13 ) s 35k e ol
tetracycline e (s siads 4y 5l
AL s UV lightd! =2 7 ) W alaad)
e’ ) LA ey 5 L

Fig.23: Staining of teeth as a
side effect of tetracycline use.




The Epiphyseal plate

— Epiphyseal cartilage 1s divided into five zones starting
from the epiphyseal side of cartilage:
epiphysisd! «_gY! . . . .
1. The Resting Zone: consists of hyaline cartilage with
typical chondrocytes.

2. Proliferative Zone: chondrocytes divide rapidly and
form columns of stacked cells parallel to the long axis
of the bone.

3. The Hypertrophic Zone: contains enlarged

chondrocytes. The matrix 1s reduced to thin septa

between the chondrocytes. .e>alb ;S5 chondrocytesd! -
< matrixdé .. S lacunad) AUl
dgjj i . e CJ ..“
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4. The Calcified Zone: Death of chondrocyte with

calcification of the thin septa of cartilage matrix.
Zone of deposition of Ca (psdSI) yeday (il 58)

diaphysisd! < 3Y!
5. The Ossification Zone: Blood capillaries and

osteoprogenitor cells originating from the
periosteum 1nvade the cavities left by the
chondrocytes. The osteoprogenitor cells form
osteoblasts which will deposit bone matrix.
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* Before closure, each layer converts to the next at the same rate with
the formation of new cartilage in zone 1 and new bone in zone 5.
Therefore, there’s no change in the relative size of the plate. The plate
moves away from the center of the bone thus increasing bone length.
The chondrocytes 1n the plate will, eventually, start to die without
forming new cartilage. The dead cartilage 1s replaced by bone until all ,
the plate becomes ossified at the time of closure. 57

b Epiphyseal plate
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Synovial Membrane

(synovial jointsd! (s & > )
* The synovial membrane, may contain areolar, fibrous or
adipose tissue depending on the joint. (CT 0= 0555 =)

\/

- Has 2 types of cells :

D& el e cadanl Lo Cells of the synovial membrane
L e e e Perform phagocytosis < N
\/

*» The synovial membrane has phagocyti¢ synoviocytes
that are round and located near the cavity. They engulf

debris resulting from wear and tear. ;o < i jointsd) 48
Lot paliill g Lgandats e Jaaty LOIAY (sled 3 a3 jia adad 1300 5 jointdl structuresd! Jass
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*» The membrane also contains fibrocytic synoviocytes
that produce hyaluronic acid (and other components of
the extracellular matrix of the membrane). These are

located deeper in the membrane.  ECMJ! (585 = 455l
synovial fluidd)




Thank You

Calain g <l i g s ya Le e gind ) agll
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Do not despise a snake for
having no horns; for it may

one day become a dragon.




