® Histology lab- Bone




BONE

Bone is of connective tissue in

which the matrix is hard. [l ] ———— =,
] — Eem

Functions: o ssbiiores Fibors

1- Locomotion..~ = =
2- Protection of the vital organs.,.

3- Metabolic function: by acting as a reservoir for
calcium, phosphate and other minerals.,—




COMPONENTS OF BONE
- BONE MATRIX

© Itis composed of:

Single. | UCouag. ~ Mineral,erydtabuio cr)

1- Water: - N[!J_wlbe'aé Aibril. " le
- constitutes about 25% of the bone weight. /" ", oo . | Ao S .
-~ permits exchange of minerals between Bz 2} ' N ‘| ydroxyapatite
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blood and matrix. , Sucker rere \
Bone/)!,wc,‘hfumcﬁ,(@.ﬂ, 335950 o

sld- 2-Inorganic component: constitutes
about 45% of the bone weight. It is mainly in

the forrp gf - s
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caﬁ

> cium phosphates (in the form of
hydroxyapatite crystals)& calcium

carbonates. oseorabeia "otis pitiSiic 5l
Rickets.

~ Few other ions e.g. sodium, magnesium
and ferrous.

-~ ltis responsible for the pardgess of bone.

. .\nergz &d Interstitial fluid (IF)
Osteon Collagen Fibril -




COMPONENTS OF BONE
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COMPONENTS OF BONE
I- BONE MATRIX

Cortilage v snn,e . . R

3- Organic component: it constitutes about el e LT 2T et SR
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formed of:

roteoglycans
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Components of bone
|- Bone matrix

Hard + Strong

1 1

Calcium Collagen



Components of bone
ll- Bone coverings
&L-_!I

1- The periosteum: it covers the external

surfaces of bone. It is similar to the
perichondrium, formed of two layers:

formed of dense- aru
connective tissue with few blood vessels

) ol

containing the osteogenic cells™Sem cel.

- e S sV g s ey ]
ot {osteoprogenitor cells&osteoblasts) which 2 “ TN @ ;‘,‘ Jg‘x‘?‘t"' ;
form new bone during growth and repair.— Bewlspply -« g“ N o s
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2- The endosteum: it lines the bone marrow” _.iu <& a7 oqf A
cavities. It is formed of cellular layer of | & :a"’"f'a; z
osteogenic cells and blood vessels... =¥ >~ T
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There are four types of bone cells:
1- Osteoprogenitor cells. s e

b |
2- Osteoblasts

3- Osteocytes
4- Osteoclasts.

Components of bone
lll- Bone cells

e ele Ao
Meacrophpge:

@_ Osteoprogenitor
nucleus cell

Osteoblast
nucleus

nucleus -

several
nuclei =




1-OSTEOPROGENITOR CELLS='MOTHER CELLS OF
THE BONE

Corlila l I — nes
© Origin: from undifferentiated mesencﬁé/mal cells.

oeta ey H&E -y ‘ \ B
© Function: whenever there is bone formation ,the g 'K‘V”\ i e P ‘
osteoprogenitor cells proliferate and differentiate to osteoblasts,/ ,‘ (' I' :

O Sites: a;.kﬂ@m ¢ & ~lle '“ ;M & .""'{..‘c:‘ .
~ Cellular layer of the periosteum..— Ve :.,l.qg;:n-mxs \
~ Endosteum. .- s o D

e . '. . "" \ M
~ Lining the Haversian canals..~ : N e Se

. -

© LM picture: :0 ; “
~ Shape: small &spindle. .~ ™0
~ Nucleus: oval. & 4
~ Cytoplasm: pale basophilic.. i

© EM picture: few organelles, mainly polysomes.. -




2- OSTEOBLASTS= THE BONE FORMING CELLS

© Origin: from osteoprogenitor cells.
© Sites: in the same sites as osteoprogenitor cells.
© Function: bone formation by:

L eslon S
1- Secretion of the osteoid which is the uncalcified
organic components of the bone matrix..—~

2- Secretion of alkaline phosphatase enzyme

A proper balance between
osteoclasts and osteoblasts
is the basis for a normal
bone density

Osteoclasts have the function
" todisrupt the old bone fissue

OSTEOCLAST

responsible for the deposition of calcium salts from

the blood into the bone matrix (bone * RANCE E .‘.‘.‘\ i

mineralization)_ _,d%,«;sc_ihwi—fﬁ%d@me_ﬂséﬁé_uloég&gf = c.’::ﬁ‘..“: OSTEOBLAST
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3- The osteoblast is entrapped by the calcified Fal e, N Tiasy o hovo o

osteoporosis

matrix in a lacuna and becomes an osfeocyle.
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2- OSTEOBLASTS= THE BONE FORMING CELLS

O LM picture:

~ Shape: cuboidal or columnar,
arranged in one row (resembling
the simple epithelium), attached to
each other by short processes., -

as)s _
> Nucleus: egcentrc( )& pale. , /i
ofqi bad: Yl Aa8l peeT
> Cytoplasm: de %sophlllc with acﬂpwwomm |

juxtanuclear negative Golgi image. & x-za-f
© EM picture: It shows the sl atel
ultrastructure features of proiein
synthesizing cells(constitutive
secretion).” 2. pelgsomes 3 el
Desp basophilic ~2= 2>
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I-OSTEOCYTES= THE UNIT BONE CELLS /%" -/

LJUI.eJ_/l

e
. . I .4_)_/' 0 vpe .
© Origin: from osteoblasts; when entrapped/ il B r,:“” Canaliculi_ ~ Calcified matrix

within the lacunae (cavities). poiforsmuscle =¥
LJL!’M)‘YWI‘,TIXJI)_/‘fUJ/- j__i-{cna(aw 3

© Function: maintenance of the bone matrix., ey
(.\ ”_,?/)a/ﬂn/_Jl *
© Sites: inside lacunae within the bone

b
A mﬂl"‘fllx

matrix. .~
O LM picture: Odthoria
~ Shape: flattened cells with many process
. 825 oI B dn
- Nucleus: deeply stained. 227

~ Cytoplasm: pale basophilic. __osekbst
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I-OSTEOCYTES= THE UNIT BONE CELLS

awens pe 5 (W c_,uzu,- < ma-lrwz,~<-— oU(Co/Jew #""Nﬁejut——}
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cuina

EM picture:

more heterochromatic than that of
osteoblast..
T'{M&L k__\j

moderate amounts of organelles.
They are present within S

Their processes are present within minute
spaces in the bone matrix called L

The lacunae and canaliculi communicate with
each other.,_—

The processes of neighboring osteocytes are
connected via L

. a5
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IV-OSTEOCLASTS= THE BONE EATING CELLS

 Skim<t /or(an“‘ L

- - motle S & )
Origin: from the blood monocytes (mononuclear Q_t L
phagocyte system), migrate to the bone, fuse together-, gint wa-cs 5; ’, 1% ‘Q‘@
and differentiate into osteoclasts ( motile cell). ' l T\ A \ 8 -
Function: during osteogenesis. - 15/-mlc i Vo g B
Sites: present within shallow depressions in bone matrix
called the resorption bays or Howship's lacunae (formed i b
by the osteoclasts activity). 5" .| i 2z sceocingt had il osteoclast 0 .
Depregsionspess bone 102 o 5 Q00 hay \ &
LM picture: Qi ¢ < TAS| e LS !
Giant. .- | ‘ -
irregular outline. i %
multinucleated( may contain up to @ dense | 1‘-\ '7’5 U
nuclei). 5\oEvaleed o ‘
-V‘W_-‘Z;C&“N’ oA ‘ . A

deeply eosinophilic& vacuolated.
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Ftpohrec JesAm s S 5 Qusteopehrosis e— Osteaclast  ~ ~



IV-OSTEOCLASTS= THE BONE EATING CELLS

EM picture: oot
a smooth surface and

e =S , towards the area of bone il

resorption, with many irregular projections

separated by narrow clefts.

contains:
1- Many mitochondria,
2- Well developed Golgi apparatus,

3- Large number of lysosomes, vesicles and
vacuoles.—

The cell has a polarity _%(;9&%;}



POLARITY OF OSTEOCLAST

Ruffled border: face the
resorption area.

Smooth surface: away from
area of resorption.

Mitochondria under ruffled
border. -8rwego'SGLie

Nuclei toward smooth surface.

rfllecd border s Bsp (1L 0

Basolateral
domain

Osteoclast




OSTEOCLASTS= THE BONE EATING CELLS

© Function: bone resorption

during osteogenesis.

SC.a.J
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OSTEOCLAST
Nucleus

Nucleolus ——

Microenvironment of low pH
and lysosomal enzymes

of
circumferential
clear zone

Ruffled border

arbonic anjﬁolm.fe n /L ~




Osteoclast

Blood monocytes

Giant (resulted from
fusion of 50 cells)
Irregular with smooth
& ruffled surfaces.

Multinucleated (up to
50)

Deep acidophilic
(mitochondria) &
vacuolated

( lysosomes)

Osteocyte

Osteoblast

Flattened with
processes

Dark

Pale basophilic
( moderate
organelles)

Osteoblast

Osteoprogenitor

cuboidal;columnar in a
row with processes.

Eccentric, pale

Deep basophilic (rER) &
negative golgi image
( Golgi)

Osteoprogenitor

Undifferentiated
mesenchymal cells

Small ( few
organelles)
Spindle

Oval,pale (division)

Pale basophilic (few
organelles mainly
ribosomes)

Origin

|-
=

)
-y
Q
)

Nucleus

Cytoplasm



Osteoclast

-Large number of
lysosomes
(resorption),

*Golgi.

sendocytotic vesicles (
contain degradation
products.)
*Mitochondria

( energy to pump H )

Within depressions on
the resorbing matrix

called resorption bays
or Howship s lacunae.

Osteocyte

*Moderate amount of
organelles (less
active)

*Cells are within
lacunae.

*Processes are within
canaliculi.

Within lacunae while
their processes within
canaliculi.

Osteoblast

Protein synthesizing
cell abundant rER,
Golgi& secretory
vesicles.

The same as
osteoprogenitor

Osteoprogenitor

few organelles mainly
ribosomes for division

Sites of initiation of
bone formation:

1- inner cellular layer
of periosteum.

2- endosteum

3- lining Haversian
canal.

EM

Sites



Osteoclast Osteocyte Osteoblast Osteoprogenitor

The bone eating cell;  The unit bone cell; Bone forming cell The mother cell of the Functions
bone resorption maintain matrix 1- secretion of bone;

during osteogenesis, organic components  Divide and give

growth & repair. of matrix. osteoblasts

2- secretion of
alkaline phosphatase
(calcification)

3- transformed into
osteocytes.

Osteogenic cell Osteoblast Osteocyte Osteoclast
(develops into an (forms bone (maintains (functions in resorption, the

osteoblast) matrix) bone tissue) breakdown of bone matrix)



TYPES OF BONES

1- Primary bone: definition & structure.osflovimidi yes, st pds
2- Secondary bone: definition & types: 3l mobwre =
Compact bone: sites& structure.
Cancellous bone: sites & structure.



TYPES OF BONE
I-PRIMARY BONE OR WOVEN BONE

 Disopyprized <
© 1t is the first bone to be deposited durlng Sllde 70 Developmg Bone ’ T

the bone development, growth & repair.
© It has the following characters:

1- It is immature weak bone due to low

calcium content..~
‘woer (ot~ _fAhon [2 o
— 2-Irregular arrangement of collagen fibers.

3- Osteocytes are numerous and
irreqularly arranged. <=,c=c 21 lo- i

4- Temporary and is replaced later on by

the secondary bone.. -
sLoTiidly DO




Types of Bone
Matart,
ll- Secondary or lamellar bone

It is characterized by: e rellew SEA \ \:;5?
1- It is mature strong bone with high I S
content. _~
2- Reqgular arrangement of fibers in the

form of multiple layers or lamellae( the
histological unit of bone)where collagen fibers in
each lamella are organized parallel to each

other. _— |
e abls s s Gul T Sl Creds o
3- are less abundant, regularly
aligned inside their lacunae along the lamellae. .
I _ ) | Fibril Y
Co mjew Q/Collﬁew_llm_ﬁ:» le,a,gﬂl }ame/lac_JINS.Jc oits_u(u__'u@[(;ﬁg,u_)] ,.,,S, /p,ng/ae_)fo_;;._ illar matrix

— lowelloe 1T (amel loe[Tc &Ilye«zé" €2, oSy ) D

o f

_.f

o % [l
S o Jametiee D)

b) Lamella cutout



Secondary, mature,lamellar bone Primary bone

High Low .~ Calcium content .~
Regular arranged in lamellae Irregularly deposited v~ Collagen e
Less More Osteocyte

Regularly arranged within lamellae. Irregularly arranged.



TYPES OF MATURE LAMELLAR BONE

1- The compact bone [t &« ===
2- The cancellous bone (Spongy bone).

Cancellous bone Compact bone




I-COMPACT BONE

O Site:

1- The diaphysis (shaft) of long bones..— — ;;
2- The outer and inner tables of flat., —~ ‘:‘3}3},_“

© Structure: e
1- The bone coverings: The external surface is covered by the *f‘ ‘f:’.-,;
periosteum, while its single medullary cavity in long bones is i >
lined by the endosteum..~ fes T
~ At the site of attachment of the periosteum to the tendon, the ‘;‘:s.s\é

collagen fibers are thickened forming the Sharpey's fibers that .:-.p = ;{’Q
penetrate deep into the bone substance to be fixed to the -

2- The bone tissue: the bone lamellae are regularly arranged
in three patterns. PRY




1-THE CIRCUMFERENTIAL LAMELLAE

yversian canal ]

© These are 2-3 parallel bone lamellae that SREED
encircle the whole circumference of the TS g S PRSI ey
5€ L as amellae
bone shaft..- =Lt |

O According to their localization, there are:

A- The outer circumferential lamellae: lie just |
beneath the periosteum. . - Tomer S <ty [

B- The inner circumferential lamellae:
surround the central medullary cavity just

beneath the endosteum. .~
- lQals. ST S




2-THE HAVERSIAN SYSTEMS (THE OSTEONS)

O |t is the characteristic structural unit in
compact bone.

O Each osteon is formed of:

- A cylinder of 4-20 conééntric bone lamellae
that are telescoped inside each other.

~ The lamellae are concentrically arranged
around a central Haversian canal that runs
parallel to the long axis of the bone.

~ The Haversian canal is lined by osteogenic

cells and contains loose connective tissue
rich in blood vessels and nerves., -

Central /: Ll uerc‘ianj
Nerve
Vein wy

-~

f/ ’;Q
«r/

N 7

-
.
-

Lamellae

Lacunae with
osteocytes

Canalicull

fibers in’

lameliae

A

Y

Q

=78 ijm( KPS
J Swosiance
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VOLKMANN'S CANALS

They are transverse or oblique bony canals that
connect the blood vessels of Haversian canals with
each other and with the blood vessels of the
periosteum and the endosteum. . — 2.1,

They differ from Haversian canal in:

1- They are not surrounded by concentric bone
lamellae; instead, they perforate the lamellae. —

2- They extend in an oblique or a transverse direction
and not in a longitudinal direction as the Haversian

canal._—
Function of Haversian and the Volkmann's canals:

They represent the vascular channels that transport

Osteocyte

Lacuna ——

Outer
layer

Inner

fiorous —————

Periosteum

osteogenic
layer
(contains

cells and
osteablasts)

nutritive substances throughout the compact bone.. — e

blood vessels

ALIA-

s N\
osteoprogenitor [N

Canaliculi

Concentric Interstitial

lamellae lamellae Compact bone !
Lymphatic

vessel

gZe> % Medullary
(marrow)
cavity

>

2 : Central
g g (Haversian)
canals

Spongy bone
z trabeculae

| I0HPE 55 Periosteum
l’ o + 7, e Compact bone

- Pﬁ ¥
Spongy bone \iﬂ

RTECX A T
i
.

D4

fassi
| 2 Blood vessel in perforating '
s (Volkmann's) canal

} Perforating (Volkmann's)

\]‘ canal ]
Blood vessels in central Medullary
(Haversian) canal (marrow)

cavity



Volkman canal Haversian canal

Taransverse;oblique to the long axis Parallel to long axis of bone Direction

of bone

Not surrounded by concentric bone Surrounded by concentric bone Surrounding structure
lamellae lamellae

Nutritive canal: connect the blood Nutritive canal: nourish the osteon Function

vessels of Haversian canals with each
other and with the blood vessels of the
periosteum and the endosteum



3- THE INTERSTITIAL LAMELLAE

© These are irregular groups of
parallel bone lamellae filling the

spaces between the Haversian o/ | i
systems. -~ - Seln 7 - ¢

Interstital
amellae

\ '!': \

A AR
\\

YA\ RRRARRRN Y

© They represent the lamellae
that are /eft behind from the old
osteons during the process of
continuous remodeling of bone.,

o
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Osteon



lI- CANCELLOUS BONE

- Seuid -L’_L“L' —qg.u-«—" .J)l__C}/ a/_,Sa.—

Site:
1- The epiphysis of long bones(the outer
surface is covered by a thin layer of
compact bone).
2- The area between the outer & inner
tables of flat bones(Diploé).




COMPONENTS OF CANCELLOUS BONE

-/ame//achcJL'/
1- The bone trabeculae:

© Thin interconnected bone trabeculae.

© Each trabecula is made up of bone lamellae
not arranged as osteons..—

© Primitive Haversian systems might be
present. ~_Sf60mfac+td0lﬁ."/¢)=—'—$(’

2- The bone marrow cavities:

© These are numerous cavities of separating
the bone trabeculae & responsible for
nourishment of the bone tissue.. -

© They are lined by endosieum.

© They are filled with myeloid tissue (active red
bone marrow, but in old age the red marrow
is largely replaced by adipose tissue). . —

Bone coverings: Endosteum which line bone marrow cavities




COMPACT VERSUS CANCELLOUS BONE

compact bone 2 —_spongy bone

medullary cavnty
perlosteum
C /

circumferential lamellae

periosteal artery \
periosteal vein q

{ outer fibrous layer — /.
r inner osteogenic layer —— -
periosteum (' |
|
|

concentric lamellae

osteon

interstitial lamellae

perforating canal
central canal

blood vessels

lymphatic vessel
nerve

compact bone

spongy bone

osteoblasts secrete
bone matrix and
cause bone growth

conpect-B trabeculae

bone = T

canaliculi openings lamellae

endosteum

l"
|é'{‘

| —osteogenic cell
(jf\ —— lacuna

,ﬂﬁ

_N

,ﬂ osteocyte
' Q'#— osteoclast

Y

pl M{rf 7osteoblasts

(/X
’(* QQ canaliculi

lamellae




Spongy with many holes

- Diploe of flat bones
- Epiphysis of long bones

absent

Lines the central marrow cavities.

Multiple cavities.

- lamellae Iﬁgw .

- They form bone trabeculae

Immature, primitive Haversian
systems might be present.

The vascular channels are lacking as
bone marrow cavities are present
instead.

Dense with no holes

- Shaft of long bones
- Quter& inner tables of flat bones

present

Lines the central marrow cavity.

Single, central cavity.

-Regularly arranged..

-They form Haversian systems,
interstitial and circumferential
lamellae

Mature, fully developed

Volkman's canals, to the Haversian
canals, to the bone canaliculi of
osteocytes .

Naked eye

Sites

Structure

Periosteum

Endosteum

Bone marrow

Bone lamellae

Haversian system

Nutrition
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HISTOGENESIS OF BONE (OSTEOGENSIS)
£, M/ocffwﬁ’ q_'_J:b/ m__u,.
1-Bone means vascularization.
2- For the matrix of the bone to be secreted, it needs a
surface {0 be laid upon it. This surface may be a

mesenchymal tissue or a piece of cartilage.
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HISTOGENESIS OF BONE (OSTEOGENSIS)
S ‘3"""—3’4—“5\5/9”‘ 2wl e primac
3- The bone secreted at the beginning of ossification is immature;
woven or prima ry b bone resembles spongy bone, which will be

m&i l

replaced with matuare seconda‘?wlé)’rlﬁellar bone by REMODELING .~ /%9 o

4- Not all the ossification occurs intrauterine. In some areas , it occurs =
after birth (e.g.fontanelles) up to the age of puberty. 1
el plo S (.z'!—’i-’CJDCf:’
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HISTOGENESIS OF BONE (OSTEOGENSIS)

Bone can be formed by either of two ways:

Clavicle

1- In which o
osteoblasts secrete bone matrix within a Humerus
membrane of mesenchymal tissue..~ Radius |
2- in which the Ulna )

eroded and replaced by bone matrix. @/)"'g"['”"""“ = Meta
- . e J). 0

During osteogenesis of all types of bone, areas \ Phalanges
of woven bone, areas of resorption and areas of
lamellar bone usually appear side by side. chondaogye. v
primacy P Yl woven éan-&. @%JLQ—JEJ"’:&‘ - Osleogyte J e
Ferodeliny hes” e L)) RSorphions [0 hes Do el s

matrix of preexisting hyaline cartilaginous model is 4“
carpus

Metatarsus
Phalanges

Secondagy Lone, losrnrms Lo Lo



I-INTRAMEMBRANOUS OSSIFICATION

© It occurs during: Tommenlrmons orssifientions ~5= < = Fibrous
~ Embryonic life: results in the formation of flat bones. _ D pOIIOSteum

~ During postnatal life: results in increase in width of long bones.
O Steps of intramembranous ossification : éEf‘,; sis JI %d,,_-’«ric_u W//\r:-’

1- Development of one or more ossification centers: by ’;g“‘:"g"' )
condensation of mesenchymal connective tissue in the area of the 4 sl
developing bone with increased vascularity to provide enough mineral ~=>

needed for bone formation. puebiast ches 2t é’MéM»f( ~\a\ - 'f""""—plateOf

2- In response to specific growth factors and enough oxygen compac[ bone
tension: mesenchymal cells proliferate and differentiate into
osteoprogenitor cells.

3- Osteoprogenitor cells: proliferate and differentiate into osteobm Phosp

S ot

Diplo (spongy bone)

secreting bone matrix, then the osteoblasts transform into osteocytes. a4 __«c,,/c,'/; v Il cavmes com&m fed
4- Trabeculae of developing bones: are formed and fuse together . r » .
giving the spongy bone with bone marrow cavities in between. | Marrow
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ENDOCHONDRAL (INTRACARTILAGINOUS)
b 2} cotilye el OSSIFICATION
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During embryonic life, many parts of the
skeleton are laid down first as hyaline
cartilage, which gradually replaced by bones
results in the formation of long bones., —

Later in the fetal and early postnatal life:
these cartilaginous models become gradually
replaced by bone tissue except in two
places: the epiphyseal plate and the articular

cartilage.
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GROWTH OF BONE

During postnatal life, bone formation occurs for:

1- Growth of bone: which includes increase in length, increase in width
and bone remodeling.

2- Repair of bone fractures.. -
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I-INCREASE IN LENGTH OF LONG BONE

Spor bont asg e S
It occurs at

O Steps of endochondral bone formation

The following zones are seen starting from the epiphyseal side
of cartilage: Epiphgsic 5 o

1- Zone of resting cartilage: chondrocytes do not show any
signs of activity. It acts as a reserve. [&segen J giz) Lz

2- Zone of proliferation and arrangement: in response to
growth hormone

owt formemg=pengitudinal rows resembling stacks of
coins. .~ —

3- Zone of hypertrophy: chondrocytes accumulate large
amounts of glycogen enlarged and pale the matrix
is compressed into thinﬁgta between the chndma;tes.

e epiphyseal plate by endochondral ossification.

chondrocytes proliferate by interstitial -» -/
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I-INCREASE IN LENGTH OF LONG BONE
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v 4- Zone of calcificatiori: the hypertrophied
Bredls, 7Z/chondrocytes start to release alkaline
Sheft o phosphatase enzyme==%  calcification of the
e cartilage matrix (in H&E sections the pale
bluish staining of hyaline cartilage is
intermingled with the reddish staining of the
calcium salts deposited in the matrix)™ > the
insoluble calcium salts in the matrix interfere
JL”-—*v’vaIleffusmn ofsyfficient nutrients to the

modrix
Slid Chondrocytes degeneration and death
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I-INCREASE IN LENGTH OF LONG BONE

- Zone of ification: . ,
5- Zone of ossificatio loegin sl

© Blood capillaries and osteogenic cells grow from
the diaphysis and from Mm to occupy
the empty cavities..”

© Osteoblasts secrete bone matrix on the calcified . , o

cartilage remnants becomeemMtrapped

within lacunae

© This process proceeds resulting in the formation
of woven bone which will be replaced by
lamellar compact bone surrounding a single e

matrix

Osseous tissue
(bone) covering
cartilage spicules ,,}

Calcified
cartilage spicule §~ &

marrow cavity., - primorf bowe 5 st g
Pn’mn‘fj bme_| Sl fv_,s:-;o ~_51L-&.»-> a
Jcc‘onﬂ/ﬁ Lﬂ"&"".)s_:;’/ ?Wv{ ,"2'7 q Ji c}_“_‘r)

changed te-edteocytes. .~ &~ <hm = G0

_J- Resting zone

% - Proliferation zone
Cartilage cells undergo
mitosis.

Q. @ Hypertrophic zone
1 | Older cartilage cells
enlarge.

'L = T @calcification zone

Matrix calcifies; cartilage

cavity.

= > Xy
y S pHT 4 cells die; matrix begins
2Ry 8 deteriorating; blood
1 vessels invade

_\ @) Ossification zone
New bone forms.



I-INCREASE IN LENGTH OF LONG BONE

© Because e rafes of the proliferation and | i ubye-
destruction are nearly equal, the thickness  scleol, s
of epiphyseal plate does not change..—
Instead, it is displaced away from the
middle of the diaphysis, resulting in
growth in length of the bone., —

© Growth of long bones stops at adulthood
when the epiphyseal plates are eliminated
(closure of the epiphyses). Once the
epiphysis is closed, increase in length of
the bone becomes impossible., — ).

© Different bones have different timé of PR
closure of their epiphyses. This is of Sw bone S 2

A OStesclast |
Compact bone
Wiam LTS

Marrow

) i ) Spongy bone
medicolegal importance to determine the ~x & Zpjphysis i
bone age of a person. Bome i:,qj:—j:; « Eplblivaal )
Mf/ e disk Remnant Articular
of epiphyseal cartilage

disk



INCREASE IN LENGTH OF LONG BONE




lI-INCREASE IN WIDTH OF LONG BONES

It occurs by two parallel mechanisms:

Subperiosteal bone formation: by
osteoblasts from outside, it occurs by an

appositional intramembranous ossification.
: _’/_‘J 5446 ) 6&‘ :'JJ' - Bone deposited C°'“Pf¢‘ bone VPeﬂotuum

by osteoblasts

Bone resorbed
by osteoclasts

| o
Bone resorption by osteoclast: at the ( woan —
endosteum from inside, to enlarge the W, |\

} p o
marrow cavity. b 1 l
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[II-BONE REMODELING

e bone 7 OSteoblosk =1
(fﬂ(u)nzclﬂ:ro\g@dﬂ!’t JL
© 1t is a continuous process that occurs

throughout life.

© It involves bone resorption and bone
formation.

© During childhood: bone formation
exceeds bone resorption, . —

O In adults: bone formation is balanced
with bone resorption..—

HEALTHY PATHOGENIC CONDITIONS

OSTEOPOROSIS OSTEOPETROSIS

RESORPTION DEPOSITION DEPOSITION  RESORPTION

¢

RESORPTION DEPOSITION
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BONE REMODELING

© Bone remodeling is important for:

- Replacement of immature bone
woven by mature lamellar bone..—

~ Renewal of bone (resorption of old
osteons and formation of new

ones)..” A j
. . e (a) Long bone / (c) Flat bone
~ Maintenance of plasma calcium— Sit sl Ul na (humerus of arm) _/ (sternum)
homeostasis.,— Qsteoclast I hyprcaloemia /i
CA"plaf nl2e cpiziz g

~ Maintenance of bone shape to pru_ci- . .
adapt mechanical stresses (weight Hopecemion o ¥ 5 28
and posture). - e 25 Oskolbdast JC

~ Repair of fracture..—

)
-

\
\J

(d) Irregular bone
(vertebra)

(b) Short bone
(carpal of wrist)
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Ostoblast ao#'uigui 27

bty Aobsopinso. - REPAIR OF BONE FRACTURE

© Bone has an excellent capacity for repair
because:

1- It contains osteoprogenitor cells in the
periosteum and endosteum. .-

2- It has an excellent blood supply. .-




PHASES OF FRACTURE HEALING
1- CLOT FORMATION

(e

© When a bone is fractured = the blood vessels
are disrupted hemes#age and the bone cells
adjoining the fracture site die.. -

© A blood clot is formed to stop the hemorrhage., —

Compact
bone

Medullary
cawvity

- Periosteum

Clot formation



2- CALLUS FORMATION (SOFT CALLUS)
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The blood clot is removed by macrophages and / 2
adjacent bone matrix is resorbed by |
osteoclasts.,

The periosteum and endosteum at the site of |
fracture show enhanced activity of their 4 \
osteoprogenitor cells, which under this _

tessele Do ) —

conditions o?bow oxygen tension, form a

Dead :
90 St callus of flgrg-cartllage like tissue that | wzj»mubfﬁe«%-
Al SZ

22 gurrounds the fracture and penetrates be ween
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New
&/ Cartilage
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Callus formation



3- CALLUS OSSIFICATION (HARD CALLUS)

© Primary tﬁ)ne formation is initiated by:
—>=loll i

1- Intramembranous ossification: through the
osteoprogenitor cells in the periosteum. — se coti abary

oLl . . > 1 Pz
2- Intracart:fé@m%us ossification. oo Colls LT L
© Thus, histological examination of a repairing
fractured bone reveals areas of cariilage

together with areas of /inframembranous and
endochondral ossification.—

© As repair proceeds a hard bone callus is formed.
It is made up of irregular bone trabeculaé of —, ... . .-
primary bone that unite the extremities of the _zf/guwlﬁ.:
fractured bone/empact bed ostea .51 < Spona) bores 2 s sopulr o LG

Cancellious
bone

Dead
bone

Callus ossification




4- BONE REMODELING

© The primary bone of the callus is gradually
resorbed and replaced by secondary bone.,~

© Further remodeling restores the original bone
structure and contour.
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Compact
bone at
break site
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Bone remodeling
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