
CARTILAGE 
and 
BONE



Structure of cartilage

- cells – chondrocytes (in lacunae)

- extracellular matrix

- absence of blood and lymphatic vessels

- lack of nerves



Types of cartilage

Hyaline cartilage

Type II collagen fibres

The most abundant cartilage 

in the body

Elastic cartilage

Type II collagen fibres +

elastic fibres giving

it more pliability

Fibrocartilage

Type I collagen fibres,

allowing it to withstand 

strong tensile forces



Perichondrium

- is  a connective tissue sheath

covering cartilage

- absent in fibrocartilage



Cells of cartilage 

1. Chondrogenic cells

2. Chondroblasts 

3. Chondrocytes

 - rest in cartilage lacunae

 - form isogenous grups



Matrix of hyaline cartilage

- type II collagen

- proteoglycans (aggrecan)

1. territorial matrix

2. interterritorial matrix



Chondronectin - has binding

sites for type II collagen, 

aggrecan and integrins of 

chondrocytes



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

Located in:

the pinna of the ear,

the external and internal auditory tubes,

the epiglottis,

the larynx



Fibrocartilage

- type I 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



Achondroplasia is caused by a mutation in 

fibroblast growth factor receptor 3 (FGFR3). 

chondrocyte

FGFR3

Proliferation

of

chondrocytes

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



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 I

ground substance

hydroxyapatite

Outer layer 

of dense fibrous 

connective tissue

Inner 

cellular layer

endosteum – monolayer of osteoprogenitor 

cells and osteoblasts

BONE



Bone Matrix

Inorganic component
Organic component

hydroxyapatite crystals

Constitutes about 35% of its dry weight 

of bone 

Collagen type I Glycoproteins:

osteocalcin 

osteopondin 

sialoprotein 

Proteoglycans



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 



Howship’s 

lacuna

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



osteoblast

macrophage

macrophage

macrophage Proliferation

and induction of 

expression of RANK

on the osteoclasts

precursors

RANKL

Osteoclasts precursors differentiate into 

the multinucleated osteoclasts

The relationship between osteoblasts

and osteoclasts

RANK

osteoclasts

precursors



Bone Types
Primary bone

= immature bone

= woven bone
Secondary bone

= mature bone

= lamellar bone

the first bone during fetal development and 

during bone repair

abundant osteocytes,

irregular bundles of collagen

low mineral content parallel or concentric bony lamellae,

osteocytes between lamellae

hight mineral content

Compact bone

spongy bone 

= cancellous bone

= trabecular bone



 

Flat bone

Long bone

Spongy or 

cancellous 

bone

Compact bone

Compact

 bone

Secondary bone
(Thick-walled tube 

of the shaft)

epiphysis

epiphysis

d
ia

p
h

y
s
is

Inner and outer 

tables



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  OF  COMPACT  BONE

Four lamellar systems 

of compact bone:

1. Outer circumferential lamellae

2. Inner circumferential lamellae

3. Osteons (Haversian systems)

4. Interstitial lamellae



Outer circumferential lamellae

- Sharpey’s fibers

Inner circumferential lamellae

- completely encircle the marrow 

cavity



HAVERSIAN  SYSTEMS  

(OSTEONS)

Haversian system

- Is composed od lamellae concentrically arranged around haversian canal





Osteocytes in bone lacunae

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



BONE 

FORMATION



Bone formation

intramembranous endochondral

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

Flat bones

Occurs in a richly vascularized

mesenchymal tissue

Long and short bones

Requires the formation of a 

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 



Intramembranous bone formation



Intramembranous bone formation





http://www.vetmed.vt.edu/education/curriculum/vm8054/labs/lab8/IMAGES/CTL40%20B.jpg

http://en.wikipedia.org/wiki/Regeneration_(biology)




http://www.dbriers.com/tutorials/wp-content/uploads/2012/12/BoneCollar.jpg

Vascularization of perichondrium

at the midriff of diaphysis causes 

transformation of chondrogenic

cells into osteoprogenitor cells, 

later osteoblasts, thus 

perichondrium becomes 

periosteum and newly formed 

osteoblasts secrete bone matrix –

bone collar on the surface of the 

cartilage model by 

intramembranous bone formation 

– bone growth in width. 

ENDOCHONDRAL BONE FORMATION

concurrently

http://www.google.pl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=PGu-Bn6Fy-42BM&tbnid=EsJ8YFXH3rfk0M:&ved=0CAUQjRw&url=http://www.dbriers.com/tutorials/2012/12/how-to-memorize-endochondral-ossification-simplified/&ei=eVR9UtiEEKeV0QXh_YBI&bvm=bv.56146854,d.d2k&psig=AFQjCNHNIniepCQi0_3E_M5tRV51b-dgbw&ust=1384031707760386


ENDOCHONDRAL BONE FORMATION

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.

Fetus: first 2 months



ENDOCHONDRAL BONE FORMATION
Fetus: at 2–3 months

The diffusion of nutrients to 

hypertrophied chondrocytes is 

inhibited by the bone collar. These 

chondrocytes die. 

New-formed empty lacunae 

connected to each other 

(concavities) form future marrow 

cavity.



ENDOCHONDRAL BONE FORMATION

Fetus
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

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 is not formed.



ENDOCHONDRAL BONE FORMATION
Adolescence 

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.



Bone collar
Ingrowth of 

periosteal 

(osteogenic) 

bud



X                        Primary ossification center

Calcified cartilage matrix



Early stage of endochondral 

ossification

Calcified cartilage matrix

Osteoid 

Osteoblasts

Osteocyte



The structure of growth plate



https://secure.health.utas.edu.au/intranet/cds/cam102/Images/EpiphysealPlate001.jpg

BONE   GROWTH   IN   LENGHT

Reserve cartilage

Proliferation

Maturation and hypertrophy

Calcification

Ossification

https://www.google.pl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=3ChQdvWPiW_xvM&tbnid=cjVmvb7TgPYrrM:&ved=0CAUQjRw&url=https://secure.health.utas.edu.au/intranet/cds/cam102/Practicals/06.Week%209%20-%20Histology%20of%20the%20Growth%20of%20Bones.html&ei=Il59Uoq1KqjC0QWGuIHQCA&bvm=bv.56146854,d.d2k&psig=AFQjCNFBiiOjr6emiwpiIctiC-FU_wYCKQ&ust=1384034199291379


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.

BONE   GROWTH   IN   LENGHT

Somatotropin and testosteron stimulate the 

chondrocyte proliferation in growth plate



http://php.med.unsw.edu.au/embryology/images/7/73/Bone_histology_018.jpg

osteoclast

http://www.google.pl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=3ChQdvWPiW_xvM&tbnid=cjVmvb7TgPYrrM:&ved=0CAUQjRw&url=http://php.med.unsw.edu.au/embryology/index.php?title=File:Bone_histology_018.jpg&ei=PV99UovKCaS80QXGuYG4Cg&bvm=bv.56146854,d.d2k&psig=AFQjCNFBiiOjr6emiwpiIctiC-FU_wYCKQ&ust=1384034199291379


http://www.rci.rutgers.edu/~uzwiak/AnatPhys/APFallLect8_files/image012.jpg

http://www.google.pl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=75prWH10pRBdpM&tbnid=Gnp116SmvSV3LM:&ved=0CAUQjRw&url=http://www.rci.rutgers.edu/~uzwiak/AnatPhys/APFallLect8.html&ei=VVd9UrDTDYeW0AXMwYH4Cw&bvm=bv.56146854,d.d2k&psig=AFQjCNHNIniepCQi0_3E_M5tRV51b-dgbw&ust=1384031707760386




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. 





Osteomalacia (failure of mineralization)

Iliac 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.

Mineralization of osteoid can take place only if there are sufficient Ca2+

and PO4
3- ions. If the level of Ca2+ 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.



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 

cortical and trabecular bone. Bone stained 

black by a silver method.

Bone from a patient with osteoporosis. Cortical zone 

is narrower and trabeculae are thinner and less 

numerous.



Structure of synovial joint

Types of joints:

1. Diarthroses (synovial 

joints, free movement)

2. Synarthroses (limited 

movement) 

Synostosis – joint-uniting 

tissue is bone; skull bones in 

adults

Synchondrosis – joint-uniting 

tissue is hyaline cartilage; joint 

between first rib and sternum

Syndesmosis – bones joined 

by dense connective tissue; 

pubic symphysis.





Synovial 

membrane



Rheumatoid 

arthritis
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