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Connective tissue
proper

Connective tissue with
special properties

Supporting connective
tissues

-
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’ Adipose tissue (Chapter 6)
Elastic tissue

Hematopoietic (lymphatic and
myeloid) tissue (Chapter 14)

<

; Mucous tissue

: Cartilage (Chapter 7)

; Bone (Chapter 8)




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
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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.




Guntherf von Hagens'
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Functions s e S LS
of Cartilage

Nasal Septum

Nasal

K neecap Turbinates

Maxillary Sinus

Thyroid Cartilage Jawbone

Thyroid Gland
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Perichondrium

« Capsule-like sheath of
dense irregular connective
tissue that surrounds
cartilage (except articular
cartilage)

e Forms interface with
supported tissue

« Harbors avascular supply

———L Chondroblast
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General Organization of Cartilage

g —= = | Perichondnial
‘—\‘/ fibroblast
3 =

" | Parichondrium

==L Chondroblast

4 -
-—-lTYY orial

matnx

| ' /
-
ST e—

— = | Cartilage

ar

- - -
— 4 .
» .
/ ; '
_ 7 28
’ L
A .
s
‘

Sl shor wd«cwb
|

’ Terntona
“ A | m;]. X
o




f Cartilage

- stain basophilic

General Organization o
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diffusion of nutrients
Avascular - gets nutrient/waste
exchange from perichondrium

periodicity)
Sulfated proteoglycans

Type Il collagen (lack of obvious
sulfate)
Capable of holding water /

Matrix



General Organization of Cartilage

Matrix

Type Il collagen (lack of obvious
periodicity) e
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Hyaluronic acid

-Link protein

__-Chondroitin sulfate

Core protein
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Collagen (type II)



Type Il collagen fibril -

General Organization of Cartilage S
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become chondrocytes

when they become BV Y
trapped in lacunae Aoy ol
(space) surrounded
by matrix
they

secreted.



Territorial matrix

General Organization of Cartilage ~
Chondrocytes / | /‘&/\ Proteogiycans

Sugars nd collagen

Chondroblasts sulfate;\~ - \23{
‘\ng'-" s T .' - = Ov s o ALY P i S\

, o e O
C W te
st

5
=
Lo &

* : Y

e AN IS Y iu " S 4

S e [/
5 PSR SR P"‘... - A .

2 V. & 5 .
o RS ) )

P
Wl ,/;';_,,»;-:::‘/‘ (~>

—

6?‘1 ;_;;-;;'Protein synthesis




General Organization of Cartilage
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Types of Cartilage

Fibrocartilage Elastic cartilage




. Trachea, monkey
— Hyaline cartilage for structural support

Perichondrium

Air cavity
of trachea
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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
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Slide 19762: Outer ear

— Elastic cartilage — return to original shape

Outer ear

Elastic fibers

Epidermal
epithelium 3

400um



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

DEMO SLIDE BOX 2235 (F-H-48-1) —Pinna of ear, cat
\ ngaStlé'w m‘““o@ ~-.Elastic

Dense irregular tissue
of the perichondrium

Fibroblasts
of the perichondrium

Chondrocytes Chondroblasts


http://viewer.serenusview.com/Viewer.aspx?SlideId=7910cd3b-b0f6-4190-bc45-197b6969b6a4
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FIBROCARTILAGE - ., Tendon/ligament, ™
4 : Y
Fibroblasts in \ )
Tendon/ligament

INTERMEDIATE BETWEEN
DENSE REGULAR
CONNECTIVE TISSUE
AND HYALINE
CARTILAGE

Attaches tendon/ligament
to bone Chondrocytes in

fibrocartilage

NO PERICHONDRIUM




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 | collagen
of tendon

Territorial matrix

Type Il collagen around
, each chondrocyte in the
« territorial matrix




Developing fibrocartilage of Fetal elbow
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DEMO SLIDE BOX 236 (53a)
— Femur, cat.

Chondrocytes in
fibrocartilage

Bone

Fibroblasts in tendon

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




Nutrient
canal
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Diaphysis

Epiphyseal '/
plate

responsible for

Hyaline Cartilage
longitudinal growth of long bones

Epiphyseal plate,



HYALINE CARTILAGE
EPIPHYSEAL PLATE,

RESPONSIBLE FOR .
LONGITUDINAL GROWTH OF Epiphyses
LONG BONES —
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Zone of reserve (resting)
cartilage—this zone appears as an
area of typical hyaline cartilage.
Zone of proliferative
chondrocytes—characterized by
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g é chondrocytes that are arranged in
S A= rows (like stacks of coins).
- z == Zone of mature (hypertrophied)
:' § E ~ chondrocytes—in this zone, both
- - L= the chondrocytes and lacunae
. f —z- have enlarged at the expense of
T o a the matrix, reducing it (the matrix)
i : —-— to thin strands.
- : Zone of calcified
| ; - chondrocytes/cartilage matrix—

-
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Zone of erosion and ossification

Diaphysis

Nutrient
canal




Hyaline Cartilage

Found at articular surfaces of ————
mOVable boneS - -t NN -Collagen fibers parallel

to the surface

Chondrocyle

Collagen fibers
perpendicular to the
surface




Hyaline Cartilage

Found at articular
surfaces of movable bones

Synovial
membrane

Subsynovial
connechve
hssve

"’ o
Y SN

-

Copsule

e Artery

‘ il ive 1
i oung man, showing the il and connective
igure 8-37. Section through capsule of the knee joint of a y Faggure A i el e |

‘ : bo %
components. The area outlined is shown at higher magnification i

Periosteum

Synovial membrane

Fibrous layer of
capsule

Articular cavity
Articular cartilage

Spongy bone

Compact bone

Marrow cavity

Figure 8-22. Schematic drawing of a diarthrosis. The
capsule is formed by 2 parts: the external fibrous layer
and the synovial layer (synovial membrane) that lines
the articular cavity except for the cartilaginous areas.



Hyaline Cartilage

Attaches sternum to ribs
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Hyaline Cartilage

In walls of respiratory passages

to hold them open air cavity under low Trachea
vacuum cc_)ndltlons

Bronchioles

Bronchus

Right lung



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

Zone of reserve (resting)
cartilage—this zone appears as an
area of typical hyaline cartilage.
Zone of proliferative
chondrocytes—characterized by
chondrocytes that are arranged in
rows (like stacks of coins).
Zone of mature (hypertrophied)
chondrocytes—in this zone, both
the chondrocytes and lacunae
have enlarged at the expense of
the matrix, reducing it (the matrix)
to thin strands.

Zone of calcified
chondrocytes/cartilage matrix—
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Histogenesis of Cartilage

Growth

Appositional - occurs at surfaces from
perichondrium by cell differentiation

General Organization of Cartilage

Chondroblasts become chondrocytes
when they become Rty
trapped in lacunae R
(space) surrounded
by matrix
they
secreted.
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Functions of Bone

Skeletal support land
animals

Where Red Blood Cells Are Formed

Protective

enclosure
Skull to
protect brain and

long bone to protect
hematopoietic cells



Intercostal Muscles

Biceps of the Arm

Large Lumbar Muscle

Muscle of the lliac Bone

Pubis

Biceps of the Leg

The Ligament Body, 1996

This plastinate shows a cartilage-ligament
skeleton. In contrast to conventional
skeletons, here pints covered with cartilage
are retained as well as capsules and liga-
ments. Capsules outwardly enclose joints
and stabilize them together with the liga-
ments, Some muscles have also been left
in place to illustrate more clearly the ori
gins of muscles and where they are at-
tached. Fig. 9.

Functions of Bone

Cheekbone

Collarbone (Clavicle)

Sinew of the Biceps

Sternum

Wing of the llium

Sacrum

Inguinal Ligament

Ischium

Kneecap

Shinbone (Tibia)

Gunthefvon Hagens'

Collarbone
(Cavicle)

Shoulder Cristae
(Spina Scapulae)

Shoulder Blade
(Scapula)

Ulna

Radius

Ihiotibial Tract

Fibula

Shinbone

The Anatomical Exhibition of Real Human Bodies

Dura Mater

Spinous Processes of the
Vertebral Column

Capsule of the
Shoulder Joint

Elbow
(Olecranon)

Coccyx

Ischium

Biceps Femoris



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

Osteoclast Mesenchyme

Osteoblast

Osteocyte =
osteoblast
trapped in
matrix of
bone




Cells of Bone

Osteoblasts

P - R
,.,.w;-g‘ 5,

o /O‘ Unmu\‘rahl'd r ’ /?’.}' . ""'._ﬁ‘ -
mathix "$~ ‘ I‘ ?}.’
: ‘ é “ 19 \.'3 A .
_ ‘f » : ,' ‘ P
"‘ - ¢y ' J ”
o "‘ ‘Mmerqllzed 849,

. fey Ay matrix 7 .
Vo Y “Unmineralized. ¥

Osteocytes —
osteoblasts
trapped in
matrix of bone

0 - e | g v A
Mineralized
s matriv Sk



Cells of Bone
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Cells of Bone

Osteoclasts - multinucleated phagocytic cells




Cells of Bone

Osteoclasts

Digest bone in
microenvironment
where It secretes citrate
and lysosomes to lower
pPH to solubilize calcium
phosphate and digest
the type | collagen of
bone
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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 |
collagen and complex
matrix material to
Increase the affinity and
serve as nucleation sites . |
for participation of SURG U Collsgmat madas
calcium phosphate BRI~ i e
(hydroxyapatite) P




http://www.youtube.com/watch?v=RwyalQ
2Rgho

http://www.youtube.com/watch?v=Uy
50GzGd7nl



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 Cema
prevents diffusion = w0
through matrix 2 '
material

~ Collagen of

unmineralized

. " »
i -

matrix

-




Extracellular Matrix of Bone

Forms lacunae and
canaliculi -




Extracellular Matrix of Bone

Forms lacunae and canaliculi - causes
the need for nutrients to past through

Unmineralized

the many gap junctions between matrix
osteocytes via canaliculi

Junction of
osteocyte
processes

~ Y
O Al
L
L hilr o

Mineralized
G “matrix




Compact bone - shaft and outer
surface of long bones
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— circumferential lamellae
Haversion canal

Co

Bone diagram

Haversion
canal

<

ncentric lamellae

Compact bone

_,Haversian systems
7 (osteons)

_—~Periosteum

, __Sharpe
v~ fibers

__»Haversia
-~ canals



Compact bone - shaft and outer surface of long bones

Outer circumferential
lamelige

Interstitial

omelloe
\-

Periosteum P S S
fibroblasts cover 0 areniol AR RN oversion ystems

(osteons)
circumferential Py :‘
lamellae ‘ Meea Sl
— Appositional growth |
(Note: bone has a vz =  Sharpey's
no interstitial growth ' '
as does cartilage)
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bone

_—» Haversian
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Compact Bone - Shaft and Outer Surface of Long Bones

Concentric lamellae

Endosteum - inside
compact bone,

surfaces of spongy
bone, inside

Haversian
canal Lamellae Lacuna Cement

. ;
Haversian systems

~oharpey
; ~ fibers
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Compact Bone

Haversian systems -

O
—
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(D)
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lamellae of bone around
Haversian canal linked

by Volkmann's canal

Volkmann's#
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Haversian system = osteon
Bone matrix = osteoid

Osteons (“Haversian systems”)
Osteonal (“Haversian” or “central”)
canals Concentric lamellae

Canaliculi

lacunae

Vet school
Demo Slide #220



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

 http://www.youtube.com/watch
?2v=c5zCcGVE8MVMCc&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
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Compact Bone

Remodeling - osteoclasts, osteoblasts from
endosteum

Interstitial lamellae - between |latest

QOuter circumferential
lamelloe

Interstitial
\:’t\

lamelloe

Inner : /L) g & O RN _
circumferential ¥ (@) 2N, == S oD N\ Y _,Haversian systems
lamellae = RS o))y LT ROM (osteons)

Trabeculge ~—
of cancellous ™
bone

__Sharpey's
| Y=~~~ fibers



Compact Bone  Remodeling

Cutting  Reversal
Cone Zone Closing Cone

Forming Resorption Resorption Cavity Forming Haversian Completed
Cavity System Haversian System




Cutting  Reversal
(_ﬁne Zoge

N

Forming Resorption Resorption Cavity Forming Haversian Completed
Cavity System Haversian System
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new bone

new bone matrix
not yet calcified

old bone

— loose connective
tissue

inward-growing
capillary sprout

osteoclast excavat
tunnel through
old bone




Compact Bone Remodeling

Intermediate or
Interstitial lamellae

First-generation Second-generation  Third-generation
haversian system haversian system haversian system



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.
o e
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Compact Bone, Remodeling
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Histogenesis of Bone

Intramembranous ossification

Direct mineralization of matrix secreted by
osteoblast without a cartilage model



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

Histogenesis of Bone

Intramembranous
ossification
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Endochondral ossification
Deposition of bone matrix on
a preexisting cartilage
matrix

Hypertrophic

cartiloge cells

c: OpNo°

Characteristic of long bone
formation




Tibia, fetal Endochondral ossification
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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 Nucleus Endochendral

ossification center ossification center
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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
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Zone of reserve (resting)
cartilage—this zone appears as an
area of typical hyaline cartilage.
Zone of proliferative
chondrocytes—characterized by
chondrocytes that are arranged in
rows (like stacks of coins).

Zone of mature (hypertrophied)
chondrocytes—in this zone, both
the chondrocytes and lacunae
have enlarged at the expense of

the matrix, reducing it (the matrix)
to thin strands.

Zone of calcified

chondrocytes/cartilage matrix—

Zone of erosion and ossification



Endochondral Bone Growth

In length - epiphyseal plate

Figure 8-30. Diagram 1o illustrate remodeling during
growth of tibia and fibula of rat, viewed from anterior
aspect and in profile. (After Wolbach.)

¢ A

Red spots (n this scintigram (a kind
of scanning photo) mark growing
areas at the ends of normal child’s
bones. Before puberty, growth
depends mainly on somatotropin;
later, mainly on sex hormones.




Bone Repair

Periosteum Periosteal proliferation Newly formed primary bone

Callus
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Healed fracture




Bone Repair

compression here lack of compression
leads to bone here leads to
deposition ‘ bone erosion
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BONE BONE SETS BONE
BREAKS | OUT OF TRUE REMODELING




 http://www.youtube.com/watch?v=gVouqiCE
gH8&feature=related



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

Skeletal support land animals
Protective enclosure (vital
organs)

Skull to protect brain and
long bone to protect
hematopoietic cells

Functions of Cartilage and Bone
Cartilage

Evolutionary - embryonic model for bones
Slides across each other easily while bearing

weight (joints, articular surfaces of bones)
Cushion - cartilage has limited compressibility (joints)

Bone

Hematopoiesis did



In final summary

Functions of Cartilage and Bone DRNRREL. e
Cartilage i | |

Evolutionary - embryonic model for bones
Slides across each other easily while bearing
weight (joints, articular surfaces of bones)
Cushion - cartilage has limited compressibility
(joints)

and synovial joint, kitten.
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Bone

Skeletal support land animals
Protective enclosure (vital organs)

Zone of reserve (resting)
cartilage—this zone appears as an
area of typical hyaline cartilage.
Zone of proliferative
chondrocytes—characterized by
chondrocytes that are arranged in
rows (like stacks of coins).

Zone of mature (hypertrophied)
chondrocytes—in this zone, both
the chondrocytes and lacunae
have enlarged at the expense of
the matrix, reducing it (the matrix)
to thin strands.

Zone of calcified
chondrocytes/cartilage matrix—

Skull to protect brain and
long bone to protect hemopoietic
cells

Hemopoiesis

: “
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Zone of erosion and ossification




Many illustrations in these VIBS Histology YouTube videos were modified from
the following books and sources: Many thanks to original sources!

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. o s
A.L. Mescher 2013 Junqueira’s Basis Histology text and atlas, 13" ed. McGraw BO0DYAWUORIDS
Internet images and videos on biological presentations T T A e
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