Cartilage and bone

e Mechanic and supporting function
e Origin: embryonic mesenchyme

e Structure:
cells (chondrocytes — in cartilage
osteocytes, osteoblasts, osteoklasts — in bone)

Extracellular matter

= homogenous, amorphous substance
= fibers (collagen or elastic — in cartilage, only collagen — in bone)



Cartilage properties

e Avascular tissue, without nerves,

e Decreased reparative ability, regeneration from
perichondrium

e Perichondrium — dense collagen c. t. attached to
cartilage
Inner chondrogenic layer
outer c. t. layer




Cell of cartilage 34

e chondroblasts

e Immature chondrocytes in inner
layer of perichondrium

e chondrocytes —In
cartilage

e basofilic cells — proteosynthesis,
mitochondria, GER, Golgi
apparatus, cytoskeleton.

e produce amorphous matrix and
fibers.
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Extracellular matter

e Collagen Il or | fibers
e Elastic fibers

Glykosaminoglycans
—hyaluronic acid,
chondroitin-sulphate

Proteoglycans
Glykoproteins



Types of cartilage

e Hyaline (hyalos=glass) — the most frequent,
precursor of many bones in skeleton,
covers articular surfaces, forms part of ribs
skeleton of the nose, trachea, larynx

e Elastic - auricula, tuba auditiva, larynx,
epiglottis

e Fibrocartilage - intervertebral discs,
symphysis pubis, articular discs and
meniscus



Hyaline cartilage, trachea

Perichondrium

Chondroblasts




Elastic cartilage

e elastic fibers in
amorphous matrix;
special staining:
resorcin, fuchsin
and orcein.

e Chondrocytes
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Bone

e specialized form of c. t.
Bone tissue structure

e Bone cells
e Extracellular matrix

Organic — colagenos fibers
— amorphous matrix
Inorganic — minerals

e Periosteum
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Bone tissue oo

e Periosteum — covers outer surface
of bone: '

e Inner layer
(osteoblasts, fibroblasts)

e outer layer
(only fibroblasts)

Periosteum is attached by
Sharpey's fibers.

e Endosteum — membrane with one
layer of cells (osteoblasts,
osteoclasts), covers inner surface
of bone turned to the bone cavity)
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Bone cells

. Osteoprogenitor cells
® OS t eo p o g eni to r / develop into osteoblasts.

cells — stem cells,
INn periosteum a
endosteum

e Oosteoblasts
prOduce Organlc Some osteoblasts
m atte r, an d differentiate into osteocytes.

transform into e e K
osteocytes

Osteocyte
(a) Bone cells (maintains matrix of bone tissue)



Osteocyte

e In lakuna,

e Numerous
processes
In canaliculi
ossium (cell
communication)
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Bone matrix

e collagen fibers —
collagen | (cca 90  amino acigs

% of org. matter) ™"
e amorphous tropocollagen
- triple helix
mat“X - ~300 nm
osteoid.

e strength of matrix  mineralized e
. collagen e e
IS CaUSEd by f,?m.- e e

~1um e —

content of HA crystal
. . mm TC molecule
iInorganic salts mineralized

(hyd roxylapatlte) _ collagen fibrils

with extrafibrillar
matnx
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Types of bone tissue

o 2 types: /according to arrangement of collagen fibers/
Fibrillar (woven) bone
Lamellar bone

compact — wall of long bone diaphysis,
surface layer of epiphysis

spongy /trabecular/ — inner part of epiphysis



L amellar bone

Lamellae — thin

U
plates with regularly — &)‘
arranged collagen ,,/.:;;f'},::"' _—
fibers N
Haversian systems s 235
- osteons %

Circumferential
lamellae

e Quter
e Inner
Interstitial lamellae
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Haversian and Volkmann‘s canals



Lamella

Osteon
" (Haversian system) —
./ Circumferential
| lamellae
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Canaliculus
Central (Haversian) canal
Blood vessel continues

into medullary cavity
containing marrow Osteon
1

Perforating .~
(Sharpey's) 4
fibers Y/
Compact
bone

Periosteal
blood vessel

Periosteum —
(a)

Spongy bone

- Central (Haversian) canal incuna
Perforating (Volkmann's) canal
Blood vessel
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Central Interstitial
canal lamellae
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(b} Spongy bone trabeculae (¢} Section ol a Irabecua

e Matrix is also organized into the lamellae, but dont
form Haversian systems.



Histogenesis of bone tissue

Endochondral ossification — hyaline cartilage is
model for bone
(long bones)

Intramembranous ossification — mesenchyme
membrane is model, mesenchymocytes differentiate
Into osteoblasts

(skull bone, part of mandibule and clavicula)




Intramembranous ossification

(1) Ossification centers form [
within thickened regions

of mesenchyme Collagen fiber

Mesenchymal
cell

Ossification
center

Osteoid
Osteoblast

(2) Bone matrix (osteoid) | AR i - AR W/ TN
undergoes calcification. ' . ' A J

*_._-__‘_k —— Osteoblast

Osteocyte

Newly calcified
bone matrix
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Endochondral ossification esee
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(1) Fetal hyaline
cartilage model
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around diaphysis

@ Primary ossification
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diaphysis



Periosteal bone collar

Undifferentiated cells in the
perichondrium become osteoblasts,
and

the perichondrium is now

the periosteum.

Deteriorating

cartilage

/— Hyaline matrix
cartilage

.| /Primary |

ossification '

center
—_—

—Bone collar

’ \

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

(2) Cavitation of
the hyaline carti-
lage within the
cartilage model,



Chondrocytes at the center of the
growing (proliferating zone)
cartilage model enlarge (zone of

hypertrophy).

The matrix calcifies (zone of
calcification) and chondrocytes
die. The rest of matrix form
trabecular processes — spicules.

Blood vessels penetrate cartilage
and carry the osteoblasts from
periosteum. Osteoblasts cover the
spicules and produce osteoid
(ossification zone).

Ossification spreads in long axis
of bone.

Deteriorating

cartilage
matrix
Spongy ¥
' bone ’
y formation
»
!
Blood f
. vessel of ‘,-
periosteal
bud
(2) Cavitation of
the hyaline carti- :
lage within the ® ::::rﬂglnc:tlities
i\ .
cartilage model by the periosteal
bud and spongy

bone formation.



Osteoclasts resorb primitive bone
(zone of resorption) and
medullary cavity is formed.

Simillar process begins in epiphyses.

Ossification spread radially.

Also epiphyseal plates ossify at the end
of body growth (cca 18 years).

Secondary

ossificaton

center
Epiphyseal
blood vessel

Medullary
cavity

®

Articular
cartilage

Spongy —-;‘ '

bone P LBk
Epiphyseal / !
plate
cartilage
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Formation of the .

medullary cavity as o
ossification continues; @ Ossification of the

appearance of sec-
ondary ossification
centers in the epiphy-
ses in preparation
for stage 5.

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



Endochondral
ossification

Zone of normal
cartilage

Zone of proliferated
cartilage

Zone of hypertrophic
cartilage

Zone of calcification
Line of erosion
Zone of ossification
Zone of resorption
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Bone growth

e cannot occur interstitally as cartilage growth
does, because its rigid, mineralized matrix
traps osteocytes and prevents them from
dividing mitotically. Growth occurs in two
directions:

e In length, by maintenance and growth of
epiphyseal plate of cartilage. These plates
allow a bone to expand lengthwise.

e In diameter, by continuous formation of bone
around the periphery of the diaphysis.



ENDOCHONDRAL OSSIFICATION

LILII- STAGES OF OSTEOGENESIS

1-PERICHONDRIUM; 2-EMBRYONIC CARTILAGE; 3-BONE CUFF; 4-PERIOSTEUM;
5-OSTEOBLASTES; 6-EPIPHYSIS; 7-SECONDARY OSSIFICATION CENTRE; 8-EPIPHYSEAL PLATE;
9-CHONDROCYTIC DEATH; 10-DIAPHYSIS; 11-BLOOD VESSELS; 12-ENDOCHONDRAL BONE;
13-OSTEOCLASTS; 14-CALCIFYING CARTILAGE; 15-MARROW
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