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®|Bone is a structural type of connective tissue characterized by
the presence of a calcified extracellular matrix (called Bone
Matrix) with ) bones e I gl 43 Jil 8l g
(o8 s S5, s Odilad 48 (gl 6 HY
1. Osteoblasts 2. Osteocytes 3. Osteoclasts

Functions of Bones # ol s 5 bonesd! 3 ECMJ™
1. Support fleshy tissues. (Calcified 4lSads da Olie) Cadl 252y

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 is the site of

_. ¥l aigls | redd ..bone marrowd) (e (ne 5 (sie

CrsSh A83le 4l La fatty tissue o= 3oke a5 yellowd) AU g il 5 438 blood cellsd! 2 5 5 s
yellow BMJ J sk suas jaadl a8 ae s 1aa 5 508 5 5S5 Red BMJ) 43S jaall 100 L0201 LA

5. Actas levers that multiply force of contraction of muscles.—

Reducing the power
Osteo- = related to bone. —clast = break. Bone tissue = osseous tissue. needed 1n some actions

“Pone < — ?—erm'\vxa
1) Osiegblasts Tho cells that

1¥ Osteoblasts are responsible for the formation of the

organic matrix of bone and the subsequent deposition of

minerals. B Galeall ALl e Ja=t organic componentsd) 0355 La 2
a2 e s PO4 5 Ca (e planl) Lealing

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

¥y NCHVEEEIEAE cuboidal or low columnar with

basophilic cytoplasm. Inactive cells are flattened and
less basophilic.
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It Osteoblasts secret the organic matrix from its surface
in contact with old bone, creating an area of yet

unmineralized bone called Osteoid. (@208V) pea¥) sl
o=la 5 (A313) boned) s pgia aal 5 cpadas Ll osteoblastsd! | 43 yasl 43 )5 boned! Jia:
phaall G g L panl Jad K& e pelaty ECMUJ) 18k o s mladl | collagen fibers e s siss
i Ll ()5S0 Al jall sla 8 adaedl a5 seall Lale 53U agdl) | 5al osteoblastsd) s .. siS
Ca 5 (e 428 La 43Y osteoid (samse bl ) il salle sl ) UL

Lt Later on, osteoblasts will deposit
the inorganic components to |

form the bone matrix.
inorganic J! (g'a)) )18 » 580 BaY
W € s minerals (= components

L sl Ca e (55n5 el pUaally bl Loy
bones W e La 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.

l -0id = similar to, like.

doaas Wl 5 matrixd) =25 osteoblastsd)
2 OSteoc (7 osteocytesd Jsaii 7 ) JalSIlL L
¥ An osteoblast will eventually be surrounded by the matrix it

produced and it’ll convert into an Osteocyte. Osteocytes are
flattened, almond-shaped cells featuring cytoplasmic processes

with
and darker nuclei. That’s why its less active than the osteoblasts 4)
Osteocutes lovs acke Bun Osteoblant P
o e L_;u\ S\
¥ They’re involved in the maintenance of the bony matrix.

» osteocytesJ uaas lax moleculesd! (s 33a 5 5l 23a3 o fiber sie o S
(osteoblastsd) 4auds 5 & JalSIL Baa adae (3 65 ) L3385

Osteocater a— o 1o i &5 50
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3% Each osteocyte is located within a Jacuna. WS processes are
Iocated i Bony AR CAGA ARG, > -~~~ acuna
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It 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 is difficult.

The osteocyte
inside the lacuna &
Lgd &M\ M\)

(lacunad) & sasVL

| Cell process msnde a canallculus

o= canaliculi IS
¢ processd >
osteocytesd!

22e Lgie allay Jacuna JSs
| shass 5 5 canaliculid (e
gap junctions<=
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Canaliculi
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Fig.10: Osteocytes. The EM image to the left clearly shows the lacuna, the cell processes and the canaliculi.

Jahoaers

¥ Osteoclasts are large,
o\.s/ -
Mouocdw, motile, multinucleated
v=u e cells.
¥ They’re formed by the
union of several bone-
marrow derived

mononucleated cells.

J et &5 alaall Jasi: monocytesd)
(e Ae gamae (pa=s macrophages )
O5Sh 5 mns ae 22T macrophagesd)
..osteoclast

¥ They’re responsible for
the resorption of bone.

(Dcstrtction)‘_.P’“gos&,t%is

3 oste c,asts (The macrophages of bones)

Bone matrix

Osteoclast

| Fig.11:

Osteoclast in action.




Process of Bone Resorption:

1) Osteoclast works in a specified dep%rsesai%n called Resorption Bay
(Howship’s Lacuna). bone J1 o Llall Layoss Loy ol abkill 4

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 is called the

Circumferential Adhesion Zone).

4) Into the subcellular space thus formed, H' ions are pumped and
lysosomes fuse with the cell membrane and release  their
SECISHORSIGRCINGINEICOIRESHESEs) o the outside. In this way, the

collagen and hydroxyapatite of the matrix are dissolved.

inorganic componentsd) e M HJ 7= G2 b e matrixd) <bSas 5 Ja o5
- collagen fibersd! e Ao Je=iy A enzymesd) )8! s

OSTEOCLAST

Fig.12: Bone resorption by osteoclasts




Important note:

o The resorption of old bone by osteoclasts and its

replacement by new bone by osteoblasts

continuous normal process.

1S a

o It occurs to renew the bone so that it’ll always stay
strong to withstand the great pressures exerted on
the bone.

\_‘\A&LJ)S—I)A—A—}_\&.“ ?.]E.a_“ \_)\_Q_.d: HL&'DMA.}.‘A‘: é.&.:c J}S_a b()l]CSJ\\:A}

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.

62 s JSones

RTATN

Notes
are
decalcified and

liable for fracture.

High Ca?" level in

blood increases
risk of renal
stones.

‘. - - e - I

Ae 5l alhlia &l e lam g
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w=ala 5 (e ) 8\ cavities) cysts G2 sS3) X

*Resorption means taking the components of the ECM of the bone to
the outside (to the blood)
)J:;'; cﬁ)_a V\'c:L-'b D) ?_\"“ g,.sﬁ Cad) '4~_:..~.;_: 2 =5 s5.1..:;_: osteoclastsJ! Ialas J\)' 4_:\ \_A__aj
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PTH = Parathyroid Hormone. —itis = inflammation. Petrosis = stone.

codSY (i Ralaaw Y

Disease

Osteopetrosis
(Marble bone
disease)

Pathology

Genetic disorder in
which there’s
abnormality in
osteoclasts that leads
to decreased
resorption.

Notes

Bones are thicker
and appear denser
on X-rays.

The bone marrow
cavity is narrowed
—> anemia and
increased risk of
infection.
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o 1o Bone Matrix
osteoblarts =W
a) Inorganlc Components (50% of dry weight of bone

lainly Hydroxyapatite crystal [Ca,,(PO,)s(OH),].

. Varlous 10ns and compounds a5l 5 ol JS LS s

o Aleliia 4S5 e G PO4 5 Ca OsSh olal JS3 5 inorganic e Jaais A 3 gall (as

) hydroxyapatite JS& Je 3352 5« s hydroxyl groups
b) Organic Component:

» Fibers: Collagen.

 @Ground substance: Proteoglycans and multiadhesive
Glycoproteins.—> 5 oSl Led s W ge 2 bonesdl ala g 530 () 5S5

« (Ca?' binding proteins (Osteocalcin).

Ca Aggregate and accumulate (aS)_% 5 2ea) in bones because of osteocalcin

 Alkaline Phosphatase in matrix vesicles (which

increase PO43' concentration). > osteoblastsJ) i
hese both are specific in bones alkaline (e (s sia% vesiclesd) s\ s
I  PO4J) aS) 5 e 2 38 dda s AN phosphatase

v In the matrix the association of minerals with
collagen fibers i1s responsible for the hardness and
resistance of bones. componentsd! (e e 53 e 3aaias alaall 43La

S e aal g8 o
v' If Ca?" is removed, the bone will maintain its shape

but become flexible as a tendon. collagend) e Jums Cad) Ll 13)

JSis | (dense regular collagenous CTos 3_Le tendond)) tendondb: 43l suas s fibers
[ricketsd\__: s \-"“‘ u.au}) ‘).._u:x...su?js..: QSMMQAJQ:: 13\ g ,ddS.: g_’_‘c. LQ\AAJ..A;:C) (-.\.c.

s S

the bone will maintain its

ape but yec
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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 (xSl Aalall sie osteoblastsd) (2 sS5 e A 5 susall LA
A number of collagen fibers pass from this layer to the

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

s o3 3al Jas yis 5 bone matrixd) ) Y s s periosteumd) G sk s fibersd)

 Endosteum: A thin layer that lines the inner surface of

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

Vet E ] : ' ! A b
o EJ). perlosteumd‘ @ 3 cla..!\ u.lc- M\ u.\u\ Jiais PJI . spongy boned s\ 5 ) pall
O s ..osteond) Alala g (ga)‘,\_)uy| O sl ‘_,.\J\ A ?Lka.“) ?Uaa.n O u.‘aa.u g“'“ A Hll FERAY
blood vesselsd! e Hais A Sle) jaill G gl 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

Gross Morphology Histological
| of section I Features l gEge ol bone

B B : B ‘
Compact Primary Long l

& _ B B

Cancellous Secondary Short
2
Flat
B
© Lol cnn o Irregular

W7l
Cancellous = latticed, porous.

According to Gross Morphology:

o Ina section, a part of the bone appears as a dense area with
generally no cavities. This is called Compact Bone.

" MEIER ]
o Another part have several a4y .J.‘,'.'. Fid M3 } }
interconnected cavities. “ 3 '-';“, v '-.'3.5‘ LR O S,"
_:'.j'. C ‘ ) I ‘ t N
is 1scalled Spongy b ’l,( ; '

.riv' B 2 RN
8% N
> SRR - R oA L0 6

compact bone and the - ‘ > '»';'Cance"ous |
trabeculae of the spongy 1 R A )} { ¢-Done
bone RO 37 LG

Fig.14: Compact and Cancellous bones.
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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 is mostly

£ 1" ) - Fal> b
| ! i bl £ _
_

thicknessJe 3 4l = spongy s compact (ze sill agd epiphysisd s diaphysisd!

A  Short bones are composed of spongy bone completely

A Flat bones consists of two thin layers of compact bones (plates,
tables) separated by a layer of spongy bone called diplos

ailalS dlaeg 4l e A3) 5 4dld D sdas g Al Glao

Periosteum | Spongy bone Compactbone

Bone marrow
in central
bone cavity

(b)

-

R, (a)

"
j.\ —
\/

:

-

i

Epipnysis

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

Compact bone




According to Histological Features:

1) Primaryv (Woven) Bone:

= (Characterized by the irregular arrangement of its collagen
fibers. Osteocytes are more abundant (and few osteoblasts).
And it appears less dense on X-Rays due to less mineral
content. L> ALB aleall 3 Cadl 4aeS 43) Jiny (ala 3 J8l osteoblasts e 43Y

S prlmary Jb Caand o
rst type of bone to appear
1ent and in fracture repalr
pmall 3 (rare) LU a8 s 58 adultsde W)

= [t’s replaced by secondary bone, except in areas of
attachment, tooth sockets, and near the sutures of tbe skull
bones. primary bone J/ ssa5 oSl

= |t’s the

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 lamellae could be arranged as:

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

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

¢ And most of the lamellae are arranged in this method

V]
b) Concentric layers around a central

canal  forming an Osteon
(Haversian System). This canal
contains blood vessels, nerves, and
embedded 1n loose areolar
connective tissue. The outer layer
of the osteon is rich in collagen
and is 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.
.Aa 2 90 fibersd! O 451 Y 48Ul g layer O
And this gives more strength to the bone

Called central canal

Artery with
capillaries
Structures
|n the Veln
central Nerve fiber

canal

Lamellae

Collagen
fibers

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 lamellae called
lntersfltlal Lamellac. They are found betwee
yrevious two and represent the remnants of osteons

that have been resorbed.

iy . lelgae 3l jualh | ddaal osteond) iise s slad yual L resorptiond! dslee
interstitial lamellaed) Sty A a4 osteond! Lla: Lgie

. . s -

; © LSl 5 elawl) o 8l Lo 3 peiia gf il glak
i' I
| ] II canaliculi
|
A
| Central canal
ZAA N -
lacuna —

> [ fy
% N :
o N (8 L
l —h
circumterential ——— P - !
: =t = w7t N > .
S 2 - A N -
f“ = . L4 ; - — - -
" = ”~ - Y g . —e
D s = -
PR g - P e i = Osteocyte
Fibrous a NG/ D = ".3 e | NN it
layer )= e - ~ oS —
ir‘ B E = — Tt o <
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Collagen & bers 3 Perforating Central
Bk comeck the perosteum  Canals canal
to the bone matrin Space tor

Trabeculae

Fig.18: Secondary bone.




Haversian Lamellae Lacuna Cement
canal /\ ) \
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Fig.19: To the right, section through an Osteon. . N ')&
Note the concentric arrangement of the lamellae e, o OW
(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. 42

nutrients L.ls% oL blood vessels J/ Le central canal JI Jals
areolar tissue of the central canal 8 NG Ty Mal sla oL
the transverse process of the first layer Joos: L aal
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Ossification e
e

U The process by which new bone tissue is formed. $

kﬁn\'ma. S 2

O 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 (pe paS dae L3S0 LSy | aiall 853 ga gall LAY aal (e 8
(osteoblasts/chondroblasts/fibroblasts)
2. Endochondral: [ ormAtion Of Bone fFom (e At

Long and short bones are mostly formed by this method.

bone tissued J sai cartilaged) (=l (3 cartilage (= bone O3S o3 J sl (S

Sl gl g o paaiad sl W) ad) W agsl laass g aglll elilaus

Intramembranous Ossification: (flat bonesd 355 4& k)

specic Cegionn Q—] rb G\ s o529 CT -5\."‘\ Lo £
1) In Ossification Centers, some mesenchymal cells
differentiate into osteoblasts. Bt

, Bibtobent s LN
osteoblastsd Js>ih s plails mesenchymal cellsd! pany 28 s adirecels

(@) Ossification centers form within thickened

Collagen fiber —
Mesenchymal —
cell |
Ossification —
center
Osteoid
Osteoblast




2) These osteoblasts will form osfeoid which will Ilater
become calcified. Some osteoblasts will be surrounded by

bone matrix forming osteocytes in lacunae.
unmineralized bone ) osteoid O sS4 &S5 40y e | bone matrix JS&5 (Al osteoblastsd)
- __ calcification A ysas (pas s (matrix

* Collagen fiber that are not regularly arranged
c) Woven bone is formed at S MR G NAAIRT E S
first. Several centers will
fuse forming trabeculae
surrounding cavities
containing blood-forming
and mesenchymal cells.

1) Lamellar bone replaces the
woven bone as compact
bone surrounds the spongy
bone.

e) The remaining non-calcified mesenchymal tissue will

form the periosteum and endosteum.
LOiomas W 555 = ) mesenchymal cellsd) ..cavitiesd) Jala
(bloodd' &355 ~=3) forming blood elements forming cells : JsY!
L On plaadl sy periosteum JS&s 5l | WA Hlay A endosteumd) JS&s AU ¢ SU

Js> 4 compact boned) (e A ) 4diha s2ie OS5 = ) spongy boned! o383 AdLaYL
..spongyd
lamellard Jsai saill an (paas woven oS 0355 bone Jl ple JSS
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3) The areas of bone matrix will line elongated cavities that

are filled with blood-forming and mesenchymal cells.
& OsSe centersd) g O s, (several ossification centers) suae (3halias jual sla 4ulaall
mesenchymal cells L2 _,3\).. < cavities

4) The numerous sites of ossification will eventually fuse
together, and so will the cavities.

s oS a4 ossification centersd) s oans as 225 Al cavitiesd) BaY
I vt scvexl sl covivis Cepoizy oo B

5) The bone thus formed is a spongy bone.

6) The cavity formed is filled with bone marrow.

7) At first, bone formed by osteoblasts 1s primary which

Ossification centers form within thickened (b) Osteoid undergoes calcification.
regions of mesenchyme.
Collagen fiber — Osteoid
Me ymel — — Osteoblast
cell |
Ossification — — Osteocyte
center
Osteoid — Newly calcified
Osteoblast bone matrix

@ Woven bone and surrounding periosteum form. @ Lamellar bone replaces woven bone, as
compact and spongy bone form.

Mesenchyme ——— Periosteum
condensing ;
to form the Osteoprogenitor

cell
+— Compact bone

periosteum
Blood vessel

Trabecula of —

v
——— d
woven bone | ¥ ¥ ) \ LI
' A/ J

Fig.20: Intramembranous ossification.

=— Spongy bone
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Endochondral Ossification:

Endochondral 4= oL s ¢ 5 Jla

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

2) A Bone Collar is formed around the diaphysis of the model.
This will prevent passage of nutrients from the perichondrium to
the chondrocytes. nutrientsd) 338U e alaall (e 488 ) A5ada gaie ()5S0

3) Chondrocytes will produce alkaline phosphatase and they will
hypertrophy, enlarging their lacunae and compressing the
ce}llrtilage matrix between them, &% MatrixJs 5 lacunacds R

4) The compressed matrix will be calcified and the ocytes

will die forming a porous structure. L.L.l _. calcification el jras za

(cellsd)) bonesd! AU L il e (g siaks Le Lud L3 bones el ad

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

these tunnels, blood vessels and osteoprogenitor cells from the

perichondrium (Which'iS'now called periosteu) will reach the

matrix. Uia e osteoclastsd) Jaxty | sad alaall | (e yuad nutrientsd) Olie

vesselsd) eI oy alaall 3 (3l

osteoblasts 4/ o=l L Lt ¥ bone wowws L the calcified matrix g5 Cag

6. Osteoprogenitor cells will form osteoblasts that line the
cavities of the porous structure.

7. Osteoblasts will produce primary bone which will later
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 D

primary ossificationd! Jiah LS dlaall gla




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

q. Cavities will be formed during this process and these will be

filled with bone marrow.
‘_Q‘Tlu \\aq\'mc. C-rl:i\lag
In the epiphysis, the cartilage remains in two areas:

>
* The Articular Cartilage. This persists throughout life.
o yae J sk cartilage Joas
* The Epiphyseal Plate, which disappears during adulthood.
saall as ossification 4 ra

PO () aab
oV gt_, Aiunion o, Lo rapis
" '] N .4‘ Epiphyseal'une
N g : N\ RAER epiphyseal plate)

S Su S oo
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Deteriorating
cartilage matrix Epiphyseal
capillaries

Epiphyseal
blood vessel

(@ cartilage calcifies, Caicified cartilage — |

bone collar forms i
i Primary ossification
around diaphysis. @ 1 ol
@ secondary ossification

diaphysis.
centers form in
epiphyses. Bone re) Ap e
® T ain the (Sl EPiPnyseal ine
articular cartilage = Articular cartilage

and epiphyseal plates.
(® Epiphyseal plates ossity
and form epiphyseal lines.
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Fig.21: Endochondral ossification. I

Lec-10- bone tissue and ossification
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Newly calcified
bone

Osteoid

Osteoclasts
tunneling into
old bone

Mesenchymal cell &A t\-ﬁ H—) J.LE-O J:\.é, S ‘)34.4

Growing capillary - .~ S
Endothelial cells o I JA)LL.U ‘vo e .JQA.Q

- IR ey
Osteoblasts -

~ ~

Lacuna with 4—\.4.4 LI\ I d—\.‘.ﬂ] I
new osteocyte had
Old bone

_Fig:n: Formation of bone. \__
dlishe (e g ol K359 K2 e Ul ogll
Bone Remodeling (Remodeling Cone):

Ql

-
=

It occurs throughout life.

Osteoclasts resorb old bone forming a tunnel (cutting cone).
The tunnel i1s invaded by osteoprogenitor cells and
sprouting loops of capillaries from the endosteum or
periosteum.
Osteoblasts develop, line the wall of the tunnel, and begin to
secrete osteoid in a cyclic manner, forming a new lamella to
the inside of the older ones trapping osteocytes inside
lacunae (closing cone).
The tunnel becomes constricted with multiple concentric
layers of matrix, and its lumen finally becomes as the central
canal of a mature osteon.

Limit of remodeling aleeﬂrfmf qa‘ <34 b.p *
£ T fmaJelhg cone _o)

s Ehe ms('ﬁm‘tl'm&

P ncciesn — B // lhe diametler ofdt_he.tuxl:nel
. . - IS :.;'(? 7 at osteoclasts dig is the
24:40 e J*"Sd Coes ‘-91& IJM)I s yai.:’,._.",'f:jj,/’/ diameter of the mature osteon
105,

Fig.22: Bone remodeling cone. The process begins by osteoclasts (green cells) digging a tunnel
(section d). Osteoblasts (purple cells) will line the tunnel and produce osteoid (orange) that will
later mineralize (sections ¢ and b). More layers are formed until a mature osteon is formed
(section a) with a central canal lined by endosteal cells (pink cells).




Bone Growth & Repair

L 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 is specific for the bone. This can be

used to determine the age of the person.

JS8y Sl ) (Sl (e palaall Jsda 30l ) e 3528l 288 epiphyseal plated) 43 closedw 2 saaiall -
> epiphysisd) JSuw dalae jAls daas gy e dalae ISl closure 4 suay A jeally | 8 s
S GBI e S8all jaell (e (38l § st gall Gl addtiig 5 25-23J) ess Lu i clavicled)
b e die O ghaa sall Slaci A8 e s Ciiall A Hal i aalisa )iy 52 ) 53550 (Sas

suaa Gk (5350 5 osteoblasts s osteoprogenitor cells 0355 (il periosteumd) -
Increase in width of bone can occur throughout life by
appositional growth from the periosteum.
d Bone growth is affected by several hormones in the body, like
growth hormone.

(L Repair of bone is usually very well because bones are well
ascularize

Tetracycline and Bones:

=i 6alo
» 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. | sl e &5l i1 laa (a5 y»e antibiotic s tetracyclined)
Laal L ) 5 ,uaall alaedl Cadl basi i (fluorescence substance) dadie 3ale (laS 43S
slalall | 5 jliad | juadl ) sk 2y alaal) u,Ja-“\-\ ¢* (introduction — slide 13) Juadll oy e
o3ak U e 5 A (g) (8131158 san 5 aaall sa3 )58l Glie W geadiig
* Tetracycline is administered twice to a patient, with an interval of
5 days between injections. A bone biopsy is 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.

’(,\__._\‘ 5 (;@_\:_u u;ﬁ\c):. ‘_,_‘c t‘etracyclined\ oju—.:c‘\__: \’)‘“ Ul ye dic ‘sl':a_“ gad u)ﬁ:\ AV Lal
Axlbde ja ahc) aa 5 all 5 amyy e O 5SEal adaall a8 50 a5 a3 e Ul (B S
s5ai (8 A (Y 5 e JS0 Las Ja g alaall apaadl a8 sall Gan 38N a5




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 Ju das yi 5 dadia 32le 43) Lay g - mx)&ﬁhm\géapa,s;um\dmm_
sacld L aslind Jalal o 5Uacls formed bone @34 L tetracycline Jakall elac) o Lga 5 )3
b oAy S Ut ailany Joy i allay A8 Loyl L g 3 pman s Ailal) Gl aladAY
Bz 5, Ol i tetracyclined) sl 38 brownish discoloration Le-bdma (UV) paaddl)
(Sasy .. ae28 permanent discolorationd
S, 31 yall oyl o5 13) (pinl 5 a5
5y S 13 N1 s B (e e
.tetracycline e s siaih 4, 50l
sl Ja13 cJaall g e 3 303 £ o La
Sl UV lightd! ey 7 ) e alaaldl
Glsile ) L8l Leda 7 L

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

The Epiphyseal plate

— Epiphyseal cartilage is divided into five zones starting
from the epiphyseal side of cartilage:
epiphysisJ! < 3Y! . , . :
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 is reduced to thin septa

between the chondrocytes. ~exall ,<5 chondrocytesd -
<A matrixJu .. < lacunad! JGIL

B oo




4. The Calcified Zone: Death of chondrocyte with

calcification of the thin septa of cartilage matrix.
Zone of deposition of Ca (psxllSI Heday (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.

onaly Al Aaleall 46003k zone 1 to 5 (= epiphysial platedb Jraiy A &l il
endochondral ossificationdJb

b ooy i ol ) al) T gl dlaamy s pglll lilas

_53}@\@\“;;‘}{ oy T
chondrocytesd!  Ss = . _ © =.%.| Zone 1: Zoneof
! gt T resting cartilage
Lz Epiphyseal
Epiphyses plates
' g : Zone 2: Zone of
Prptyee 88 proliferating cartilage
| Zone 3: Zone of
Epiphyses =il hypertrophic cartilage
Zone 4: Zone of
Epiphyseal y| calcified cartilage
Diaphyses plates
Q Zone 5: Zone of ossification
. .aXrayofahand | 2 - ) b Epiphyseal plate
ba gy diaphysisd) s epiphysisd) O
epiphysial plated Jia (paint line) 2> as Fig.24: The epiphyseal plate
cartilage (e O350 43Y by 5his sl (o0 25Ul (gl 5sall )

* 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 in 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




agd + 3c1,8 woliall ala

ossificationd! < 2 L ) ..femurd) s o8 5 sall e Al
OsS epiphysial plateJé ..2 headsd () 12 s2a shaftd! (e Uiy
s Lo S (paay (825 5 ZonesJ\_\) Al dakaall Caiatiag
epiphysial J' pa> <3 .3 58] 5 5 plated) alka: 43kl pssification
Cuny ity AN ailSe Lail | 1S Y5 jaiay La Ll sa e g ) Jusa plate
sk 2el8 Laiy juads le dena (oS o | Aabaall S ja (e 20y iy
o 1) iy Wy M Al jall 325 Led s LIS zonesd) ¢ boned
cartilage e (5554 boned! (sS85 gl A L laiall iy
Jsaily s NSE il 33 5a sall chondrocytesd! (ras ..(zone 1)
cartilage ® 058 zone 2d 44 J =i AN < gl iy g zone 2J
Led ssas zone 2 LAY (paay | zone 16 LilSa [ gay (555 s
O3S Ll sa3 i g uiiy 5 zone 3d Jsadl g (a3a3) hypertrophy
O 0S4 new cartilage 4 0555, 2d =% zone |
udl )l udly 5 .. 4d Zome 3 J sy & 5a Gl chondrocytesd G ST P
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o Aeaa e Weilas Ji ) zonesdu dalasl) (sl Cigas ) paiul Lail 5 yaais L plate
O3 o= 2d dsah zone 1 Sy closured! s )d Ugilb gl < 10 e agmy o ey

3 5,3 dss02 (e, zone 1o 48 a2 new cartilage 25> dalsall
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Synovial Membrane

(synovial jointsd! (= ¢ 3> s8)
*+ The synovial membrane, may contain areolar, fibrous or
adipose tissue depending on the joint. (CT &= 0555 =)

- Has 2 types of cells : Cells of th I b
e o bl ells of the synovial membrane
ECMJ! (nsSil s Al canlasll L3S Perform phagocytosis

++ The synovial membrane has phagocyti¢ synoviocytes
that are round and located near the cavity.
_ 12 from wx and tear. Lg_\r_c_x.u 3 yaiusall jointsd! A8 s
Leia u.:.l:..d\, \.Q.u.l-:;.u wle J.u_u L,A;J\ SSLGJ 5 _uiSa 3 yarea alad S 4 jointdl structuresd! LSS
% The membrane also contains f' brocytlc synowocytes

- >xtracellular matrix o ‘ ne’ These are
located deeper in the membrane. ECMU uuSJ oo A szl

sinowal fluidd' s
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