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Objectives: cartilage and bone

General organization

Mechanism of growth

Mineral and organic constituents

Characteristics of cells



Connective 

Tissue



Cells of CT
Fibroblasts

Mesenchymal 

cells and RBC

Adipose cells 

Macrophage

Plasma cells

Mast cells and WBC

Chondroblasts

Chondrocytes

Osteoblasts

Osteocytes 

Osteoclasts



Functions 

of Cartilage

Evolutionary -

embryonic model 

for bones



Functions of Cartilage
Flexible support - return to original shape (ears, 

nose, and respiratory)



Functions of Cartilage
Slides across each other easily while bearing weight 

(joints, articular surfaces of bones)

Cushion - cartilage has limited compressibility (joints)

No nerves and 

thus, no pain 

during 

compression of 

cartilage.



Functions 

of Cartilage



General Organization of

Cartilage

Perichondrium

• Capsule-like sheath of 

dense irregular connective 

tissue that surrounds 

cartilage (except articular 

cartilage)

• Forms interface with 

supported tissue

• Harbors a vascular supply



General Organization of Cartilage



General Organization of Cartilage

Matrix

Type II collagen (lack of obvious 

periodicity)

Sulfated proteoglycans 

(chondroitin sulfate and keratin 

sulfate) - stain basophilic

Capable of holding water / 

diffusion of nutrients

Avascular - gets nutrient/waste 

exchange from perichondrium



General Organization of Cartilage

Matrix

Type II collagen (lack of obvious 

periodicity)

Sulfated proteoglycans 

(chondroitin sulfate and keratin 

sulfate) - stain basophilic

Capable of holding water / 

diffusion of nutrients

Avascular - gets nutrient/waste 

exchange from perichondrium



General Organization of Cartilage

Chondroblasts become chondrocytes

when they become 

trapped in lacunae

(space) surrounded 

by matrix

they

secreted.

Perichondrium

Matrix

Matrix = fibers and ground substances



General Organization of Cartilage

Chondrocytes / 

Chondroblasts

Type II

Territorial matrix



General Organization of Cartilage

Chondrocytes / 

Chondroblasts

Type II



Types of Cartilage

FibrocartilageHyaline cartilage Elastic cartilage



Slide 133: Trachea, monkey
– Hyaline cartilage for structural support

Perichondrium

Air cavity 

of trachea

Air cavity 

of trachea

http://viewer.serenusview.com/Viewer.aspx?SlideId=1f7912a4-fa6b-4636-ad9b-5aaa3a080328


Elastic Cartilage
Same as hyaline 

Except it has an abundant network of fine elastic 

fibers, found in pinna of ear, auditory canals, 

Eustachian tubes, and epiglottis where 

flexibility and reshaping are needed



Slide 19762: Outer ear
– Elastic cartilage – return to original shape

Epidermal 

epithelium

Elastic fibers

Outer ear

http://viewer.serenusview.com/Viewer.aspx?SlideId=221bd903-a777-413d-9bfb-a4cd11cb1100


DEMO SLIDE BOX 223 (F-H-48-1) –Pinna of ear, cat 

Elastic

cartilage

Chondrocytes        Chondroblasts

Dense irregular tissue 

of the perichondrium 

Elastic fibers

Fibroblasts

of the perichondrium 

Elastic

cartilage

http://viewer.serenusview.com/Viewer.aspx?SlideId=7910cd3b-b0f6-4190-bc45-197b6969b6a4


FIBROCARTILAGE

INTERMEDIATE BETWEEN 

DENSE REGULAR 

CONNECTIVE TISSUE 

AND HYALINE 

CARTILAGE

Attaches tendon/ligament 

to bone

NO PERICHONDRIUM
Bone

FIBROCARTILAGE

Tendon/ ligament

Chondrocytes in

fibrocartilage 

Fibroblasts in

Tendon/ligament 



Fibrocartilage = chondrocytes inside a tendon or ligament 

on the surface of bone at the site of the attachment

Found in :

• Intervertebral discs

• Attachment of ligaments to cartilaginous 

surface of bones

Type I collagen

of tendon

Type II collagen around 

each chondrocyte in the 

territorial matrix

Territorial matrix



Developing fibrocartilage of Fetal elbow

Chondrocytes in

fibrocartilage 

Skeletal muscle

Type I collagen 

bundles  in

fibrocartilage 

Muscle 

striations



DEMO SLIDE BOX 236 (53a)

– Femur, cat. 

Fibrocartilage is found connecting other structures. Here, the fibrocartilage is joining tendon to bone. 

Chondrocytes in

fibrocartilage 

Fibroblasts in tendon 

Bone

http://viewer.serenusview.com/Viewer.aspx?SlideId=34bb3d8e-9455-488d-83a6-6f9e26dacdad


Hyaline Cartilage

Glassy (bluish-white and 

translucent due to negative 

charge of sulfur in the gags) 



Hyaline 

Cartilage

Glassy (bluish-white and 

translucent due to negative 

charge of sulfur in the gags) 

Temporary skeleton in embryo

and ends of bones in adults



Hyaline Cartilage

Epiphyseal plate, responsible for 

longitudinal growth of long bones



HYALINE CARTILAGE

EPIPHYSEAL PLATE, 

RESPONSIBLE FOR 

LONGITUDINAL GROWTH OF 

LONG BONES



Hyaline Cartilage

Found at articular surfaces of 

movable bones



Hyaline Cartilage

Found at articular

surfaces of movable bones



Attaches sternum to ribs

Hyaline Cartilage



Hyaline Cartilage
In walls of respiratory passages

to hold them open air cavity under low 

vacuum conditions.



Histogenesis of Cartilage

Centers of chondrification – from 

mesenchymal cells

Growth

Interstitial - from within by division of preexisting 

chondrocytes

• Isogenous group - 8 cells from one



EM 13: Chondrocytes
Interstitial growth =

mitotic division within the cartilage ,

chondrocytes 

RER

Growth plate



Histogenesis of Cartilage

Growth

Appositional - occurs at surfaces from 

perichondrium by cell differentiation



Summary of Cartilage

Fibrocartilage

Hyaline

Elastic



Functions of Bone
Skeletal support land 

animals

Protective 

enclosure
Skull to 

protect brain and

long bone to protect 
hematopoietic cells



Functions of Bone



Functions of Bone

Calcium regulation
Parathyroid hormone (bone  

resorption) 

Calcitonin (prevents resorption) 

These hormones are involved in 
tight regulation as

1/4 of free Ca++ in blood is 
exchanged each minute.

Hematopoiesis



Cells of Bone
Osteoblasts - secrete osteoid - bone 

– Expand bone by appositional growth

Osteocyte = 

osteoblast 

trapped in 

matrix of 

bone



Cells of Bone

Osteoblasts

Osteocytes –

osteoblasts 

trapped in 

matrix of bone



Cells of Bone
Osteoclasts - multinucleated phagocytic

Cells 

from 

monocytes



Cells of Bone

Osteoclasts - multinucleated phagocytic cells



Cells of Bone

Osteoclasts

Digest bone in 
microenvironment
where it secretes citrate 
and lysosomes to lower 
pH to solubilize calcium 
phosphate and digest 
the type I collagen of 
bone



Cells of Bone



Functions of Bone

Calcium regulation

Parathyroid hormone (stimulates 
osteoclast production)

Calcitonin (removes osteoclast’s ruffled 
boarder which prevents resorption)

Remember that these hormones are involved 
in tight regulation of free Ca++ as 1/4 of 
free Ca++ in blood is exchanged each 
minute.



Cells Of 

Bone

Osteoblast

Osteocyte 

Osteoclast



Extracellular Matrix of Bone

Osteoid - mixture of type I 
collagen and complex 
matrix material to 
increase the affinity and 
serve as nucleation sites 
for participation of 
calcium phosphate 
(hydroxyapatite)



http://www.youtube.com/watch?v=Rwya1Q

2Rgho

http://www.youtube.com/watch?v=Uy

5qGzGd7hI

http://www.youtube.com/watch?v=Rwya1Q2Rgho
http://www.youtube.com/watch?v=Uy5qGzGd7hI


Extracellular Matrix of Bone

Secreted by polarized
osteoblasts

Calcification - adds 
firmness, but 
prevents diffusion 
through matrix 
material



Extracellular Matrix of Bone

Forms lacunae and 

canaliculi -



Extracellular Matrix of Bone

Forms lacunae and canaliculi - causes 

the need for nutrients to past through 

the many gap junctions between 

osteocytes via canaliculi



Compact bone - shaft and outer 

surface of long bones



Bone diagram 

– circumferential lamellae

– Haversion canal 

– Volkmann’s canal

– Haversion system

Compact bone

Spongy 

bone

Haversion 

canal

Concentric lamellae



Compact bone - shaft and outer surface of long bones

Periosteum

fibroblasts cover

circumferential 

lamellae

– Appositional growth

(Note: bone has

no interstitial growth

as does cartilage)



Compact Bone - Shaft and Outer Surface of Long Bones

Endosteum - inside 

compact bone, 

surfaces of spongy 

bone, inside 

Haversian systems

Concentric lamellae



Compact Bone

Haversian systems -
lamellae of bone around 

Haversian canal linked 

by Volkmann's canal

Concentric 

lamellae



Osteons (“Haversian systems”)

Osteonal (“Haversian” or “central”) 

canals Concentric lamellae

Canaliculi

lacunae

Vet school 

Demo Slide #220 

Haversian system = osteon

Bone matrix = osteoid

http://viewer.serenusview.com/Viewer.aspx?SlideId=f1761e26-1617-4a5c-8d3b-36e2900a9c5f


• http://www.youtube.com/watch

?v=c5zcGv8MvMc&NR=1

https://www.youtube.com/watch?v=d9owEvYdouk

http://www.youtube.com/watch?v=c5zcGv8MvMc&NR=1
https://www.youtube.com/watch?v=d9owEvYdouk


Compact 

Bone

Remodeling –

osteoclasts 

digest bone, 

osteoblasts 

from 

endosteum 

replaces it



Compact Bone
Remodeling - osteoclasts, osteoblasts from 

endosteum

Interstitial lamellae - between latest 



Compact Bone Remodeling







Compact Bone Remodeling



Compact Bone - Remodeling
A Piezoelectrocic field, caused by compression of minerals (Ca++ crystals and 

others), directs osteoclasts down the length of long bone as they excavate a 

tunnel. osteoblasts lay down new bone to fill the excavated tunnel and create a new 

Haversian system down the length of compact bone.

NEW HARVESIAN 

SYSTEMS



Compact Bone, Remodeling



Histogenesis of Bone
Intramembranous ossification

Direct mineralization of matrix secreted by 

osteoblast without a cartilage model

https://www.youtube.com/watch?v=p-3PuLXp9Wg

https://www.youtube.com/watch?v=p-3PuLXp9Wg


Histogenesis of Bone
Intramembranous 

ossification

Flat bones 

of skull



Histogenesis of Bone

Endochondral ossification

Deposition of bone matrix on 

a preexisting cartilage 

matrix

Characteristic of long bone 

formation



Tibia,  fetal

421

Perichondrium

Cartilage

Chondrocytes

Sulfated glycosaminoglycans

as extracellular substrate

Fibroblasts

Chondroblasts

Endochondral ossification

http://viewer.serenusview.com/Viewer.aspx?SlideId=c7f86ae7-921f-4bab-b72d-bc1f1a01b196


Endochondral (spongy/ cancellous) 

Bone Formation

Cartilage model

Centers of ossification

Primary center of ossification

• Diaphysis

Second center of ossification

• Center of each epiphysis



Endochondral Bone Formation

Cartilage model

Centers of ossification



Endochondral Bone Growth
In width - extension of compact bone by 

appositional growth

In length - epiphyseal plate

Cartilage growth

Calcification of cartilage

Spongiosa

Primary spongiosa –

cartilage core

Secondary spongiosa –

osteoid core

Growth

plate



Endochondral Bone Growth

In length - epiphyseal plate



Bone Repair



Bone Repair



• http://www.youtube.com/watch?v=qVougiCE

gH8&feature=related

http://www.youtube.com/watch?v=qVougiCEgH8&feature=related


Functions of Cartilage and Bone

Slides across each other easily while bearing 

weight (joints, articular surfaces of bones)

Cushion - cartilage has limited compressibility (joints)

Bone
Skeletal support land animals

Protective enclosure (vital 

organs)

Cartilage

Hematopoiesis

Skull to protect brain and

long bone to protect 

hematopoietic cells

Evolutionary - embryonic model for bones

Hematopoiesis



In final summary



• Bruce Alberts, et al.  1983.  Molecular Biology of the Cell.  Garland Publishing, Inc., New York, NY.

• Bruce Alberts, et al.  1994.  Molecular Biology of the Cell.  Garland Publishing, Inc., New York, NY.

• William J. Banks, 1981.  Applied Veterinary Histology.  Williams and Wilkins, Los Angeles, CA.

• Hans Elias, et al.  1978.  Histology and Human Microanatomy.  John Wiley and Sons, New York, NY.

• Don W. Fawcett.  1986.  Bloom and Fawcett.  A textbook of histology.  W. B. Saunders Company, 
Philadelphia, PA.

• Don W. Fawcett.  1994.  Bloom and Fawcett.  A textbook of histology.  Chapman and Hall, New York, NY.

• Arthur W. Ham and David H. Cormack.  1979.  Histology.  J. S. Lippincott Company, Philadelphia, PA.

• Luis C. Junqueira, et al.  1983.  Basic Histology.  Lange Medical Publications, Los Altos, CA.

• L. Carlos Junqueira, et al.  1995.  Basic Histology.  Appleton and Lange, Norwalk, CT.

• L.L. Langley, et al.  1974.  Dynamic Anatomy and Physiology.  McGraw-Hill Book Company, New York, 
NY.

• W.W. Tuttle and Byron A. Schottelius.  1969.  Textbook of Physiology.  The C. V. Mosby Company, St. 
Louis, MO.

• Leon Weiss.  1977.   Histology Cell and Tissue Biology.  Elsevier Biomedical, New York, NY.

• Leon Weiss and Roy O. Greep.  1977.  Histology.  McGraw-Hill Book Company, New York, NY.

• Nature (http://www.nature.com), Vol. 414:88,2001.

• A.L. Mescher 2013   Junqueira’s Basis Histology text and atlas, 13th ed. McGraw

• Internet images and videos on biological presentations

Many illustrations in these VIBS Histology YouTube videos were modified from 

the following books and sources:  Many thanks to original sources! 



Muscle

Next time










