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Structure of cartilage

- cells — chondrocytes (in lacunae)
- extracellular matrix

- absence of blood and lymphatic vessels
- lack of nerves




Types of cartilage

Hyaline cartilage

Type |l collagen fibres

Elastic cartilage

Type Il collagen fibres +

The most abundant cartilage €lastic fibres giving

in the body

it more pliability

Fibrocartilage

Type | collagen fibres,
allowing it to withstand

strong tensile forces



Perichondrium

- IS a connective tissue sheath | i .
covering cartilage e« . f ey
- absent in fibrocartilage : o *
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Cells of cartilage

1. Chondrogenic cells

2. Chondroblasts

3. Chondrocytes
- rest in cartilage lacunae
- form isogenous grups

chondrocyte

chondroblast

Chondrocytes in
lacunae
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Matrix of hyaline cartilage

- type Il collagen
- proteoglycans (aggrecan)

nterteritorial

1. territorial matrix
2. Interterritorial matrix

Superficial zone

.......

Middle zone

-

Lower zone erritorial

matrix

Collagen fiber

orientation




Chondronectin - has binding
sites for type Il collagen,
aggrecan and integrins of
chondrocytes
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Perichondrium

Hyaline cartilage

Nose

Larynx

Ventral ends of ribs
Trachea

Articular surface of joints




Types of growth of hyaline cartilage

- Interstitial growth — cells of isogenous groups manufacture matrix enlarging
the cartilage from within

- Appositional growth — chondrogenic cells of inner layer of perichondrium undergo
division and differentiate into chondroblasts which manufacture matrix
Cartilage grows by adding to its periphery




Elastic cartilage

4 Located In:

A the pinna of the ear,
" i the external and internal auditory tubes,
¥ the epiglottis,

the larynx



Fibrocartilage

- type |l collagen
Located in:

the intervertebral disks,
the pubic symphysis,

the articular disks



Achondroplasia.
It IS genetic
disturbance of
cartilage
development. Leads
to inhibition of
growth and various
deformities. It is
characterised by
dwarfism, with typical
shortening of limbs,
particularly in the
proximal part,
extensive lordosis in
lumbar region and
macrocephaly




Face of a child with achondroplasia

Large head, protruding forehead, collapsed nose and middle part of face.
i
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FGFR3

Achondroplasiais caused by a mutation in
fibroblast growth factor receptor 3 (FGFR3). | comesense
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All long bones of the body are formed from hyaline cartilage models. Chondrocytes
which form models must actively proliferate to the bone growth. In achondroplasia,
the mutated form of the receptor leads to a significant shortening of of bones
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BONE

the hardest substance of the body
- dynamic tissue

- pressure — resorption
- tension — development of new bone

Bones:
support and protect of the organs of the body

serve as levers for the muscles
attached to them
are a reservoir mainly for calcium




collagen fibres —type |
ground substance

hydroxyapatite

/ \ endosteum — monolayer of osteoprogenitor

Outer layer Inner cells and osteoblasts

of dense fibrous cellular layer

connective tissue




Bone Matrix

/ Organic component

Inorganlc Component Constitutes about 35% of its dry weight

. of bone
hydroxyapatite crystals

Proteoglycans
Collagen type | Glycoproteins:

osteocalcin
osteopondin

sialoprotein



Osteoprogenitor cells (or stem cells of bone)

Osteoblasts (or bone forming cells)
- synthesis of the organic components

- are located on the surface of the bone

Osteocytes




Osteoclasts

bone-resorbing cells

- are large, multinucleated cells

- occupy Howship’s lacunae — regions of bone resorption

- ruffled border —a part of the cell directly involved in bone resorption
(finger-like processes)

- activity of osteoclasts is stimulated by parathyroid hormone and

Inhibited by calcitonin

Howship’s

_ FSD
(apical domain) | acuna
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The relationship between osteoblasts
and osteoclasts

Proliferation

and induction of
expression of RANK
on the osteoclasts
precursors

RANKL

Osteoclasts precursors differentiate into
the multinucleated osteoclasts




Bone Types

Primary bone

= Immature bone
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=woven bone e R
Secondary bone

the first bone during fetal development and

during bone repair = mature bone
abundant osteocytes,

irregular bundles of collagen = lamellar bone

low mineral content parallel or concentric bony lamellae,

‘Slide 70 D%{IME"
R "

A

osteocytes between lamellae

hight mineral content
Primary bone

Collagen fibers in matrix o / \

spongy bone
= cancellous bone

Compactbone  _. 1 ocular bone




(Thick-walled tube

omeshaty __Secondary bone

Inner and outer
tables

Compact bone

Compact
bone
%)
2
c ==
o
kS|
©
Spongy or Flat bone
, cancellous
_ % bone
epiphysis

3 Lon_g;‘ bone



SPONGY BONE

Low magnification

— interconnected meshwork of bony
trabeculae

- spaces between the trabeculae are filled
by red or yellow bone marrow.

High magnification

- elongated osteocytes in lacunae

- matrix of trabecular bone is formed by
lamellae

- Haversian systems are not present



STRUCTURE

Four lamellar systems

of compact bone:

1. Outer circumferential lamellae
2. Inner circumferential lamellae
3. Osteons (Haversian systems)
4. Interstitial lamellae
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Outer circumferential lamellae

- Sharpey’s fibers

Inner circumferential lamellae

- completely encircle the marrow
cavity




Haversian canal

Lacunae Lamellae
containing Osteon of
osteocytes compact bone

Trabeculags of

Canaliculi spongy bone

Osteon

HAVERSIAN SYSTEMS
(OSTEONS)
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Volkmann's canal

Haversian system
- Is composed od lamellae concentrically arranged around haversian canal

lamella
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Periosteum —|

Quter —
layer

Inner

Compact bone
Havers:aln systems

| layer

Blood vessels

Volkmann's
canal

Canaliculi

Cancellous (spongy)

canals

bone trabeculae

Haversian
canals

Volkmann's



Osteocytes in bone lacunae

Haversian
canal

Osteocyte in
lacunae

canaliculi

Osteocytes have cytoplasmic processes which

. make contact with similar processes of neighboring
.~ osteocytes, forming gap junctions, through ions and
* small molecules can move between the cells
Tunnel-like spaces (canaliculi) house these
cytoplasmic processes

canaliculi

lacunae






Bone formation

N

Intramembranous endochondral

Bone that is formed by either of the two methods is identical histologically

Flat bones Long and short bones
Occurs in a richly vascularized

. Requires the formation of a
mesenchymal tissue

miniature hyaline cartilage model

The first bone — primary bone is being replaced by
secondary bone.

Secondary bone is resorbed and replaced throughout the
life.



Beginning of intramembranous ossification

Mesenchyme Osteoblasts  Primary bone
tissue



Intramembranous bone formation

Mesenchymal cell

® ® _l —————Collagen fiber
~4

> B o J Ossification center
\ Osteoid
Osteoblast

@ An ossification center appears in the fibrous connective
tissue membrane.

» Selected centrally located mesenchymal cells cluster and
differentiate into osteoblasts, forming an ossification center.

. o Osteoblast
Osteoid
| ‘ : Osteocyte
Yo A Newly calcified
o { o ‘. bone matrix
1
'
@ Bone matrix (osteoid) is secreted within the fibrous
membrane.

» Osteoblasts begin to secrete osteoid, which is mineralized
within a few days.
* Trapped osteoblasts become osteocytes.



Intramembranous bone formation

Mesenchyme
condensing
to form the
periosteum

Trabecula of
woven bone

Ny 4

l
@ Woven bone and periosteum form.
* Accumulating osteoid is laid down between embryonic blood
vessels, which form a random network. The result is a network

(instead of lamellae) of trabeculae.
* Vascularized mesenchyme condenses on the external face of

the woven bone and becomes the periosteum.

Blood vessel

= Fibrous
: periosteum

T T——Osteoblast

Plate of
‘ compact bone

|
|

It

Diploé (spongy bone)
cavities contain red

| "‘ \ ; “
. ! ‘ l&\ marrow
@ Bone collar of compact bone forms and
red marrow appears.
* Trabeculae just deep to the periosteum thicken, forming a

woven bone collar that is later replaced with mature lamellar

bone.
* Spongy bone (diploé), consisting of distinct trabeculae, persists

internally and its vascular tissue becomes red marrow.
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http://en.wikipedia.org/wiki/Regeneration_(biology)
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ENDOCHONDRAL BONE FORMATION

Vascularization of perichondrium
at the midriff of diaphysis causes
transformation of chondrogenic

cells into osteoprogenitor cells,

later osteoblasts, thus
PRIMARY

CENTER OF perichondrium becomes
OSSIFICATION

P

BONE COLLAR
periosteum and newly formed
osteoblasts secrete bone matrix —
bone collar on the surface of the

o cartilage model by

BONE MARROW

®
BONE

intramembranous bone formation
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ENDOCHONDRAL BONE FORMATION

Fetus: first 2 months

/— Hyaline
cartilage

Primary
ossification
center

B — .

- Bone collar

(1) Formation of
bone collar
around hyaline
cartilage model.

Formation of miniature hyaline cartilage model

Appositional and interstitial growth of the model

Formation of the primary ossification center:

« Hypertrophy of chondrocytes in the center of the
model
* Production of type X collagen and accumulation

of glycogen by hypertrophied chondrocytes.

« Calcification cartilage matrix septae between

hypertrophied chondrocytes.



ENDOCHONDRAL BONE FORMATION

Fetus: at 2-3 months

Deteriorating

cariiiage The diffusion of nutrients to
hypertrophied chondrocytes is
iInhibited by the bone collar. These
chondrocytes die.
New-formed empty lacunae
connected to each other

2) Cavitation of (concavities) form future marrow
the hyaline carti-
lage within the .
cartilage model. CaVIty-



ENDOCHONDRAL BONE FORMATION

Fetus

Spongy V.
bone \

formation

—_—

Blood ¢
vessel of X
periosteal '
bud

@) Invasion of
internal cavities
by the periosteal
bud and spongy
bone formation.

The osteoclasts etch holes in the bone collar.
Periosteal bud - osteogenic bud (osteoprogenitor
and hematopoietic cells and blood vessels) enters
the concavities.

Osteoprogenitor cells divide and form osteoblasts
which elaborate the bone matrix on the surface of the
calcified cartilage matrix resulting in formation of a
calcified cartilage/calcified bone complexes.

Bone collar becomes thicker.

Osteoclasts resorb the calcified cartilage/calcified
bone complexes, bone marrow cavity enlarges.
As the result of these processes the cartilage of
diaphysis is replaced by bone except epiphyseal
plate.



ENDOCHONDRAL BONE FORMATION

Fetus and childhood

Secondary
ossificaton
center

Epiphyseal

blood vessel\//
Medullary '
cavity

(@) Formation of the
medullary cavity as

ossification continues;

appearance of sec-
ondary ossification
centers in the epiphy-
ses in preparation

Formation of secondary ossification
centers at both epiphyses:

Osteoprogenitor cells invade the
epiphysis, differentiate into osteoblasts

Osteoblasts secrete bone matrix on the
cartilage scaffold

Bone collar i1s not formed.



ENDOCHONDRAL BONE FORMATION

Adolescence

Articular
cartilage

Spongy———_é_:‘ - :
bone v

Epiphyseal / » '

plate
cartilage

—_—

(B Ossification of the
epiphyses; when
completed, hyaline
cartilage remains only
in the epiphyseal plates
and articular cartilages.

The cartilage of epiphyses and
cartilage of diaphysis are replaced by
bone except at the articular surface
and at the epiphyseal plate.

At the same time bone Is constantly
being remodeled to meet the
changing forces placed on it.



Vs Bone collar
A VR DU Y LTIER
¥ X S ;r’?‘ .i'b’. Y

4
e
¥

.| periosteal

w (osteogenic) MRS CNTEET ) Y sl e KB TR %f&
Ll




X Primary ossification center
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Calcified cartilage matrix

Osteoid

Osteoblasts

Osteocyte



The structure of growth plate

Chondrocytes
divide and enlarge.

Zone of
resting
cartilage S o s,
< O «© ¢
<>
Zone of | 8 8 2 o
Epiphyseal 4 proliferation o2 © g A
plate &I 8 =
Zone of | 5= .Q" R o
hypertrophy | & N 8 y %,
© P ) Fa 3
Zoneof |_ o N X X
calcification | © VT %
Bone of V@ R
diaphysis ) NPT

A Length of bone
', increases.

|
N
oS

8000000 ¢
D;b%@o? %o

y

Thickness
of

> | epiphyseal

plate
remains
unchanged.

LN

BN va

— Calcified cartilage
is replaced by bone.




BONE GROWTH IN LENGHT

Reserve cartilage

Proliferation

Maturation and hypertrophy

Calcification

Ossification
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BONE GROWTH

< 8 Secondary
\ centre of
e ocsification

Proliterating
chondrocytes

Pre-
hypertrophic
§ chondrocytes

@. Hypertrophic
chondrocytes

N Primary
M centre of
ossification

Somatotropin and testosteron stimulate the

chondrocyte proliferation in growth plate

IN LENGHT

At about 20th year of age, the rate
of mitosis decreases in the zone of
proliferation and the zone of
ossification overtakes the zones of

proliferation.

Once the epiphyseal plate is
resorbed and growth in length is no

longer possible.
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Epiphyseal line

Epiphyseal growth
Growth in cartilage
surrounding epiphysis

Cartilage
replaced by bone

Bone remodeled X \

Growth in length |
Cartilage growth

in epiphyseal plate
Cartilage replaced

by bone

Bone remodeled —

Bone resorption
<

Growth in diameter
Bone addition —

Bone resorption—

Growing bbne

|
4

Articular

Adult bone
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Growth hormone (anterior pituitary gland) * Increases the rate of mitosis of chondrocytes and osteoblasts

Thyroxine (thyroid gland)

Insulin (pancreas)

* Increases the rate of protein synthesis (collagen, cartilage matrix,
and enzymes for cartilage and bone formation)

* Increases the rate of protein synthesis
* Increases energy production from all food types

* Increases energy production from glucose

Parathyroid hormone (parathyroid glands) * Increases the reabsorption of calcium from bones to the blood

Calcitonin (thyroid gland)

Estrogen (ovaries) or
Testosterone (testes)

(raises blood calcium level)
* Increases the absorption of calcium by the small intestine and kid-
neys (to the blood)

» Decreases the reabsorption of calcium from bones (lowers blood
calcium level)

* Promotes closure of the epiphyses of long bones (growth stops)
* Helps retain calcium in bones to maintain a strong bone matrix

Minerals

Q

Large amounts of calcium and phosphorus and
smaller amounts of magnesium, fluoride, and
manganese are required for bone growth and
remodeling

Vitamins

d
d
4

Vitamin A stimulates activity of osteoblasts
Vitamin C is needed for synthesis of collagen

Vitamin D helps build bone by increasing the
absorption of calcium from foods in the gastrointestinal
tract into the blood

Vitamins K and B12 are also needed for synthesis of
bone proteins



CALCIFICATION

Osteoblasts release membrane-bounded matrix
vesicles which contain calcium and phosphate ions,
cAMP, ATP, ATPase, alkaline phosphatase,
pyrophosphatase and calcium binding proteins
(osteonectin). These vesicles possess a lot of calcium

pumps transporting calcium ions into the vesicle.

e calcium s o g
e phosphate Calcification process
< protein
S
©
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©
© a’(\ﬂ » 0000060

lons/aggregates Amorphous Solid
/n solution particles crystals







(failure of mineralization)

Mineralization of osteoid can take place only if there are sufficient Ca?*
and PO,% ions. If the level of Ca?* ions is low (inadequate dietary, lack
of vitamin D or malabsorption resulting from small intestine disease) or
if PO43 level is low (excessive loss in the urine), then mineralization is
Impaired.

lliac crest bone sectioned in plastic resin (without decalcification). Broad zone of
unmineralized osteoid (magenta) and the central zone of mineralized bone (black)
stained by the Von Kossa silver technique.



OSTEOPOROSIS

Osteoporosis (porous bones) is a progressive bone disease that is
characterized by a decrease in bone mass and density which can lead to
an increased risk of fracture. It can occur as a result of disuse (prolonged
bed rest, limb paralysis) and also in otherwise healthy people, particularly
post-menopausal women (decrease in estrogen level).

Bone biopsy from the iliac crest showing normal Bone from a patient with osteoporosis. Cortical zone
cortical and trabecular bone. Bone stained IS narrower and trabeculae are thinner and less

black by a silver method. numerous.



Structure of synovial joint

Types of joints:

' _— Periosteum
[\ A 1. Diarthroses (synovial
e joints, free movement)
y B . ."
Favigis 0
o s S \_— Synovial membrane
Fre~ W B .
;&‘.’dg “F 2. Synarthroses (limited
L K] .
gvd s B Bt Fibrous layer of movement
é el ..‘l . 2’ <;"a' '/ CapSUIe )
g _ . Synostosis — joint-uniting
sy /\ticular cavity tissue is bone; skull bones in
— :“11\ Articular cartilage adults
U A By ; .. -
' “,‘-:’:f’f:‘f\s b Synchondrosis — joint-uniting
-;-’,,‘}",{L}. e l i_, Perigy-aRne tissue is hyaline cartilage; joint
e elei st i
g J“,',.% s;,.. ; Compact bone between first rib and sternum
L S T8 ] ..
v,':"-' Lo Syndesmosis — bones joined

by dense connective tissue;
pubic symphysis.
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Synovial
mem b Frane Collagenous capsule

. S = \/ (incomplete)

Articular cartilage,
avascular; nutrition
and lubrication by
synovial fluid

T TR

Joint cavity,
synovial fluid

Fibroblast-like
synoviocyte, secreting

hyaluronan (2/3) Interstitial drainage

pathway,
—.+—_ extracellular

Macrophages (1/3) =72 + matrh
____ Synovium
Plasma ultrafiltrate (synovial lining,
from orientated fenestrae i synovial intima)
of intimal capillaries Subsynovium

(connective tissue)

Sub-synovial lymphatic drainage



a Healthy

Bone

Synovial
intimal lining

Joint capsule
Joint cavity

Synovium

Cartilage

b Rheumatoid arthritis

Increased
angiogenesis

Expanded
synovial
sublining

Rheumatoid
arthritis

Laminin

Collagens

Fibronectin

Joint cavity

Hyaluronic
acid
Lubricin

O _
Cartilage

Bone

loss

Chemotactic
factors

factors

Pro-angiogenic

IL-6

3

IL-1
TNF

Chemokines t Q




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59

