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1. Enumerate types of cartilage:
(@ Hyaline cartilage.
@ Yellow elastic fibro-cartilage.

(® White fibro-cartilage

2. Regarding hyaline cartilage complete the following:

Appearance in
fresh state

Consistency firm or rigid with some degree of flexibility

it appears translucent pale blue

3. Mention type of collagen in the following:

Perichondrium Collagen type |

Periosteum Collagen type |

Matrix of Hyaline 1 I
cartilage Collagen type

4. Enumerate functions of perichondrium:

@ It acts as source of 02 + nutrients to the cartilage cells.

@ The inner chondrogenic layer is responsible for new cartilage formation

5. Compare between young and old chondrocytes regarding the following:

Young chondrocytes Old chondrocytes

. At the periphery of the
Site in the Deep in the cartilage
cartilage cartilage
Nucleus Open-face nuclei Rounded open face nuclei.
Cytoplasm Pale basophilic cytoplasm Granular, basophilic cytoplasm
Number in Single Single or in groups
lacunae

6. Enumerate functions of mature chondrocytes?
@ They synthesize and secrete the components of the cartilage matrix

@ They are responsible for growth of the cartilage as they can divide.
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7. Compare between bone matrix and cartilage matrix regarding the following?

Bone matrix Cartilage matrix

Consistency Hard or solid Rubbery or firm
Vascularity Rich in blood supply Non-vascular.
Collagen Tvoe | Tvoe Il
type yp yp

8. Enumerate components of hyaline cartilage matrix
(D Collagen fibres type i

@ Proteoglycans (chondroitin 4- sulphate, chondroitin 6- sulphate)
(3 Chondronectin.

(@ Chondrocalcin.

9. Enumerate sites of hyaline cartilage:

@ It constitutes the majority of the fetal skeleton.
@ Articular surface of bones.
(® Costal cartilage in the thoracic cage.

@ Nose, tracheaq, bronchi.

10. Mention the difference between yellow elastic fibro- cartilage and hyaline
cartilage:
@ The matrix of yellow elastic fibro- cartilage contains fine elastic fibers in addition to
collagen type Il fibrils which are responsible for elasticity and flexibility of this type.
@ Fresh elastic cartilage has a yellow color due to presence of elastic fibers.
(® It can be stained by standard elastic stains e.g. verhoeff’s stains.
1. Enumerate sites of yellow elastic fibro- cartilage:
() Auricle of the ear.
@ External auditory meatus.
(® Eustachian tube.

@ Epiglottis
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12. Compare between hyaline cartilage and white fibro cartilage regarding the

following?
Hyaline cartilage White fibro cartilage ‘
Appearance in Translucent pale blue White in color
fresh state
Perichondrium Present Absent
Color of matrix Homogenous basophilic Acidophilic
by H&E

13. Enumerate sites of white fibro cartilage?

@ Intervertebral discs.

@ Semilunar cartilage of knee joints.

(® Symphysis pubis.

@ Lips of glenoid cavity.

® Terminal parts of tendons

14. Enumerate constituents of bone:

(@ Bonecells
(@ Bone Matrix
(3 Periosteum

(@ Endosteum

15. Enumerate bone cells:

(@ Osteogenic cells

(@ Osteoblasts
(® Osteocytes

(@ Osteoclasts

16. Complete the following regarding LM of osteoclasts:

Size large cell (20-30 um)
Nucleus multinucleated cell (4-50 nuclei)
Shape Irregular in shape
Cytoplasm Foamy acidophilic
Border Striated or brush border facing the bone surface.
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17. Compare between osteoblasts and osteoclasts regarding the following:

Osteoblasts Osteoclasts

Origin Activated osteogenic cells. Monocytes

@ Activated inner osteogenic
(@ Bone marrow spaces.
layer of periosteum.
Sites (@ Medullary cavities.
(@ Endosteum.
(3 Endosteum
(® Walls of bone marrow spaces

@ They are concerned with bone

resorption during ossification.
They are responsible for bone
Functions @ They remove bone debris during
formation and calcification
ossification and after healing of

bone fracture.

18. Enumerate the four zones of osteoclasts under EM:
(@ Ruffled or striated zone.
@ Clear Zone.
(3 Vesicular Zone.

(® Basal Zone

19. Mention the name of the following bone cells:

Bone cells that are present inside lacunae and connected by

Osteocytes processes dnd these processes intercommunicate with one

another by gap junctions.

Bone cells that are capable to divide and give osteoblasts during

Osteogenic cells )
growth and healing of fracture bone.

Bone cells that preserve the integrity of the bone matrix and
Osteocytes s .
maintain its inorganic components.
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20.Compare between organic and inorganic components of bone matrix:

The Organic components ‘ The Inorganic components
© It constitutes about 50% of the dry weight of | ©@ It constitutes about 50% of the dry

the bone matrix. weight of the bone matrix.

© Itincludes:
(@ Bone collagen “Type I”:

™ It constitutes about 90% of the
© Itis formed mainly of:
organic component.
@ Calcium and phosphorus salts
@ Sulphated glycosaminoglycans.
@ Small amounts of sodium,
(® Glycoprotein = Osteonectin:
carbonate, citrate, iron, Mg.
% Which anchor cells with bone matrix.

@ Protein = Osteocalcin:

™ It helps bone calcification.

21. Compare between compact bone and cancellous bone regqrding the foIIowing:

Compact bone Cancellous bone

It is solid like ivory with no
Character It looks like — sponge with many holes
apparent holes

@ Shaft of long bones. @ Epiphysis of long bones.
(@ Outer & inner tables of flat (@ Central part of flat bones of the
Sites bones of the skull. skull.
(® Outer covering of the (® Young embryonic bone.
vertebrae & ribs ® Bodies of vertebrae and sternum.

Irregularly arranged bars or
(1) Outer circumferential lamellae
trabeculae which branch and
Arrangement | @ Inner circumferential Lamellae

of Bone anastomose and separated by bone

lamellae (® Haversian system .
marrow spaces of irregular shape
@ Interstitial Lamellae
and size.
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22.Compare between periosteum and endosteum:

Periosteum Endosteum

It is a vascular C.T. membrane that

It is a vascular C.T. membrane lines the inner surface of the bone,

Definition ) . .
covering the bone from outside bone marrow cavities and

Haversian canals.

(@ Provide attachment for muscles,
@ It supplies bone with blood
ligaments and tendons.
supply & nourishment.
@ Provide bone with blood supply
@ Its osteogenic cells &
and nourishment.
Functions osteoblasts & osteoclasts are
® Inner osteogenic layer is
concerned with bone formation
important for formation of bone
and resorption during growth &
during its growth and after its
healing after fracture
fracture.

23.Describe the structure of Haversian system:

Haversian Canal  Concentric bone lamellae . Osteocytes
@ It runs parallel to the © Itis formed of 4-20 cylinders | @ Found inside their
longitudinal axis of bone. of concentric bone lamellae lacunae in
@ It contains loose C.T, rich in arranged around Haversian between the bone
blood Vessels, osteogenic cells. canal. lamellae.

24.Mention the methods of bone ossification:

Intramembranous ossification Intracartilagenous ossification

It occurs in mesenchymal membranes It occurs in cartilage model

DR/ Elsaeed @
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25.Enumerate stages of intracartilagenous ossification:

@ Stage of resting cartilage.

@ Stage of proliferation.

(® Stage of maturation and hypertrophy.
@ Stage of calcification.

® Stage of invasion.

® Stage of spongy bone formation.

@ Stage of remodeling and compact bone formation

26.Enumerate general characters of muscle tissue:
@ The muscle tissue is formed of a group of muscle fibers.
@ These fibers have a contractility power due to myofibrils in their cytoplasm.
® The plasma membrane is called the sarcolemma.
@ The cytoplasm is called the sarcoplasm.

® The muscle fibers may be striated or Non-striated, voluntary or Involuntary

27.Compare between the foIIowing:

Skeletal muscles Smooth muscles

(@ Striated
@ Voluntary except: (@ Non-striated.
M Upper third of esophagus. | @ Involuntary Except:
Characters M Cremastric muscle. M Ciliary muscle
M Pharynx. M Special Muscle in urinary
(® Do not branch except: tongue bladder
and face.

(@ All skeletal muscle attached to

skeleton.
(1) Walls of the blood vessels.
@ Eye.
Sites @ Viscera of various systems (G.IT,
(3 Tongue.
G.U.T., and Respiratory system)

@ Pharynx.
® Larynx.
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28.Mention the definition of the following:

Epimysium It is a dense C.T. which surrounds the whole muscle
Perimysium It is a dense C.T. which divides the muscle into bundles
Endomysium It is a loose C.T. which separates the muscle fibers

29.Enumerate functions of CT in the muscles:

@ It contains blood vessels, nerves and lymphatic and give attachment between muscle
bundles.

@ Help the attachment of muscle to tendon, ligament, perichondrium and periosteum.

30.Describe the LM of skeletal muscle fibres in L[S:

@ Single elongated multinucleated cell (syncytium).

(@ Have multiple flattened oval peripherally situated nuclei.

(® Have regular transverse striation.

@ The sarcoplasm is acidophilic and contains B-Glycogen granules and myoglobin

pigment.
31. Compare between light bands and dark bands of myofibrils:
Light bands Dark bands

Isotropic or I- band Anisotropic or A- band

Contain actin only Contain actin and myosin

Each dark band is divided at its center by a light

Each light band is divided at its _ _
disc called H-zone and contains only

center by a dark line called Z-line

myosin.

32.Describe the sarcomere:

& Itis the area between two Z-lines.
& Itis the functional contractile unit of a myofibril.

@ Itincludes awhole A (dark band) and % of I (light band) on either side.

DR/ Elsaeed PAGE 8
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33.Compare between skeletal muscle and smooth muscle fibers reqgarding the

following:
Skeletal muscle fibers Smooth muscle fibers
Shape < Elongated < Spindle (fusiform)
No. of cell
o9 .ce > D Single cell < Single cell
per fiber
< Peripheral, S Central,
. S Multiple, < Single,
Nuclei
< Oval, < Oval or rod-shaped
< Flat < In the widest part (middle part).

o < Thin filaments
< Thin filaments

Myofilaments o < Thick filaments
< Thick filaments \ .
< Intermediate filaments

<& Represented by vesicular
T-Tubules | 9 Present
Caveolae

Gap Junction | & Absent S Present

DR/ Elsaeed @
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1) bone matrix is characterized by

A. contain chondrocalcin
B. richin blood supply
C. nonvascular

D. rich in elastic fibers

2) Osteocytes are
A. presentin lacunain groups

B. responsible for bone resorption
C. mature osteoblast
D. presentin periostium

3) about bone all true except

A. has hard matrix

B. calcified CT

C. poorin blood supply
D. of two general types

4) cells of bone building function include all except

A. osteoblast
B. osteogenic
C. osteoclast
D. osteocyte

5) Howships lacuna is site of

A. osteoblast
B. osteoclast
C. osteocyte
D. osteogenic

6) about osteoclast all true except

A. multinucleated cell

B. well developed golgi apperatus
C. liein Hawships lacuna

D. acidophillic cytoplasm
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7) osteoblast is charaterized by

A. multinucleated cell

B. well developed golgi apperatus
C. liein Hawships lacuna

D. acidophillic cytoplasm

8) all bone cells have single nucleus except

A. osteoblast
B. osteoclast
C. osteocyte
D. osteogenic

g) all bone cells have basophillic cytoplasm except
A. osteoblast

B. osteoclast
C. osteocyte
D. osteogenic

10) osteoclast originate from

A. lymphocyte
B. monocyte
C. pericyte

D. osteocyte

11) osteocyte has

A. acidophilic cytoplasm

B. multilobed nucleus

C. branched inside lacunae
D. simple columnar ciliated

12) osteogenic cell is present in

A. endostium

B. periostium

C. Harvensian canal
D. All of the above

13) all is part of organic matrix except

A. collagenl|
collagen Il

B.
C. osteocalcin
D. osteonectin

— DR .M. SH




HISTOLOGY MSS MODULE

¢

o\
= -<

@ Dy

oé

MCQ ON L3

14) bone maintaining cell is
A. osteoblast
B. osteoclast
C. osteocyte
D. osteogenic
15) bone eroding cell is
A. osteoblast
B. osteoclast
C. osteocyte
D. osteogenic
16) bone forming cell
A. osteoblast
B. osteoclast
C. osteocyte
D. osteogenic
17) all about bone except
A. calcified hard tissue
B. highly vascular
C. made of system of canals & canaliculi
D. lacuna contain groups of osteocytes
18) Bone matrix :2015 s\
A. Soft &flexible
B. Collagen type 1 form 90% of organic component
C. Osteoclastin prevent calcification
D. Hardness due to osteonectin
E. Contain large amount of Na, Mg ,iron
19) Osteoblast is rich in 2013 x4
A. Acid phosphatase enzymes
B. Alkaline phosphatase enzymes
C. Lysosomes
D. SER
E. microtubules
20) Bone matrix is characterized by :0b«! 2011 s\
A. Has chondrocalcin
B. Richin blood supply
C. Richin elastic fibers
D. Non vascular

— DR .M. SH
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21) Osteoblasts are characterized by one of the following : (b~ 2010 b
A. Surrounded by lacunae

B. Nuclei are central
C. Found between bone lamella
D. Have basophillic cytoplasm

22) Which of the following cells are present singly in lacunae

A. Osteocytes
B. Osteoblast
C. Fibrocyte

D. chondroblast

23) Osteocytes :(bul 2010 b

A. Are bone resorping cells

B. Have long cytoplasmic processes joined by gap junction
C. Originate from monocyte

D. Lie in Howships lacunae

24) Osteoclast is : (bl 2011 Hbb

A. From osteogenic cells

B. Multinucleated

C. Responsible for bone formation
D. Secret histamine

— DR .M. SH
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TYPES OF BONES

There are two types of bone:

Tve Bone (2)

®

]

@ Compact (Cortical) bone @ Cancellous (Spongy, Trabecular) bone
Site Wall of the diaphysis Epiphysis
s C i i act bone.
Strusture Solid & Strong overed w1th'a thin layer of comp
* Many branching bony plates
Fig.
Proximal —
oximal
Spongy
Yellow
PR Marrow

Compact
Bone
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Compact Bone

Compact = Solid like ivory with no apparent holes

SITES

1. Shaft of long bones.
2. Outer & inner tables of flat bones of the skull.
3. Outer covering of the vertebrae & ribs.

Structure of a Long Bone
Epiphysis
etohyis
Diaphysis
(shaft)
Metaphyss _
Epiphysis
LONG BONES FLAT BONES OF THE SKULL VERTEBRAE
STRUCTURE
Compact Bone :
. Peri um. i Osteon i
1. Perioste | (haversian system) I
2. Endosteum. . ' ’ Jameliae .
3. Bone matrix. i
! Blood vessels
! within a cent
4. Bone cells. | (haversian) ca
i Osteocytes
E In lacunae
! Blood vessel
! within perforating
; (Volkman’s) canal
4
@’ Dr m Yusw: ___________________________________________ @agg 2
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Bone matrix of compact bone

% The matrix is formed of lamellae of calcified osteoid tissue in which osteocytes are embedded.

Bone lamellae are deposited in regular pattern as follows:

OUTER “EXTERNAL”
0 P — » These lamellae are present:
LARELLAE - Under the periosteum & parallel to it.
INNER “INTERNAL” These lamellae are present:
P CIREUMEERENTIAL - Under the Endosteum
— - Parallel to the medullary bone cavity, which contains the bone
marrow.
o CONCENTRIC BONE It is formed of 4-20 cylinders of concentric bone lamellae arranged
LAMELLAE around Haversian canal.
INTERSTITIAL They are formed of calcified osteoid tissue present between
Y. P
O | “INTER-HAVERSIAN” Haversian systems.
LAMELLAE Osteocytes are irregularly arranged between these lamellae.

. Haversion system = Osteon

It is the structural unit of the bone.
It is formed of:

(1) HAVERSIAN CANAL » |t runs parallel to the longitudinal axis of the bone.
CONCENTRIC BONE . . )
(2] » |tis formed of 4-20 cylinders of concentric bone lamellae.
LAMELLAE
© OSTEOCYTES = They are found inside their lacunae in between the bone lamellae.
. Volkman's canals

Structure:
» THESE ARE transverse or oblique canals.
= LINED WITH osteogenic cells
= CONTAIN blood vessels.

Function: They connect Haversian canals together & with periosteal or endosteal blood vessels

. Perforating fibers of Sharpy

@ Structure: THESE ARE calcified collagenous fibers.
@ Function: Fixing the periosteum to the bone.
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f ’
Venule —]
Capillary ——]
I St Circumferential lamellae
Concentric W ) <7
lamellae f
?—«”; SN
interstitlal e\
lamellae ) R N Interstitial lamella
A =
Inner circumferential

Trabeculae

Volkmann's
canal

Haversian Arteriole
canal

lamella

Endosteum

STRUCTURE OF COMPACT BONE

Lamellae

Endosteum

Osteon —

Canalicull

Haversian system

Haversian canal

VOLKMAN’S VS HAVERSIAN CANALS
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Volkmann's N

canal _/
Haversian \
\

=R Osteogenic layer |
Osteoblast ——?
Sharpey's fibers —

oo | A 4 AMBOSS

Osteon - ey
Outer circumferential — \ « - Compact bone
Rt .
lamellae \ e i NS
Interstitial - -
lamellae gaisll )
- -

foramen >‘

canal

i

\ g e
\ Inner circumferential
\

\ amellae

Fibrous layer {

Cancellous Bone

1t looks like sponge with Many holes -> so called Spongy bone

Epiphysis of long bones.
Central part of flat bones of the skull.

Bodies of vertebrae & sternum.

4- Young embryonic bone.

£ De M. YUSUF

Histology-MS$ f ‘ L4-The Bone (2)
'

Lamellae

Haversian canal
with blood vessel

— Osteocyte

—— Concentric
lamellae
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It is formed of bone lamellae in the form of
irregularly arranged bars or trabeculae which branch and anastomose.

338

The bone trabecular are separated by bone marrow spaces of irregular shape and size.

38

The bone marrow spaces are filled with active red bone marrow.

A
Cancellous Trabeculae
CANCELLOUS BONE
Il OSSIFICATION ll
Definition of OSSIFICATION

= |tis the process of bone formation, which leads to its growth.

Methods of bone ossification:

@ Intra-membranous ossification

@ Intra-cartilagenous ossification

Occurs in mesenchymal membranes

Occurs in cartilage model

SDMWSWF -
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Intra-Membranous Ossification

Definition

| » Itis the method by which a membrane of mesenchymal connective tissue is transformed into
spongy bone.

o

1- UMCs condense forming a primary ossification center.

2- UMCs change into osteoblasts, which start bone formation.

3- Osteoblasts synthesize bone matrix.

4- UMCs in the spaces between trabeculae give rise to bone marrow.
5- Mesenchymal tissue at the surface gives rise to the periosteum.

Mesenchymal cell

Collagen fiber
Ossification
center

Osteoid
Osteblast — —
77 o N _‘7”‘“1“.%';’"““
Osteblast y /&7 - ) .‘\\, <|
o\
d a B
et [ P 3 ( 7 Collagen fibres
Osteocyte ( . \3) T
Newlycalcified | [ 4 cente
bone matrix N NS
Osteoid
Osteoblast
Osteoblast
Flbrous periosteum — 3 va:mm
e J—  penosteum
Plate of compact — :
|pfoe (spongy bone
cavities containred
marrow)
Mesenchyme condensing to s . s R O D GUO0! DRI (oones conain
form the periosteum = >
Blood vessel
Trabecula of
woven bone
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Intra-Cartilagenous Ossification

&

“Growing End of Long Bone"

Definition

* Itisatype of ossification by which cartilaginous model is replaced by bone.

SITE

Epiphyseal plates of the cartilage.

STAGES

—

Examination of longitudinal section in the growing end of long bone demonstrates the following stages:

STAGE OF.. DESCRIPTION

@ RESTING CARTILAGE = Chondrocytes embedded in their matrix.

©)} PROLIFERATION » Chondrocytes divide and give large number of flat chondrocytes.

* The chondrocytes accumulate glycogen and alkaline phosphatase
MATURATION & enzyme.
® e ot
HYPERTROPHY » The chondrocytes grow in size.
* Lacunae widen and separated by thin bars of matrix.

» The chondrocytes secrete Alk. Phosphatase.
* The matrix becomes impermeable — cut off nutrients — death of

CALCIFICATION : : o
< the cells leaving empty lacunae separated by thin bars calcified
matrix.

* The empty spaces are invaded by vascular mesenchymal tissue.
® INVASION ;

» Some monocytes change into osteoclasts — hole — vascular bud.
® SPONGY BONE » Some osteogenic cells change to osteoblasts — form trabeculae of

FORMATION spongy bone.

REMODELING 8 COMPAST » Osteoclast destruct bars of bone.
@ = QOsteoblast arrange around blood vessels & form concentric

BONE FORMATION N
lamellae — Haversian system

DM YUSUF ___-_____________________-_-____-_--___
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Cc

Cartilage
Bone

. Mineralized cartilage matrix

1. Zone of —
resting cartilage

eea“.

2. Zone of —
proliferating cartilage

3. Zone of —
hypertrophic cartilage

4. Zone of
calcified cartilage —{

' @@@@@@@@@e@s"

5.Zone of —|
ossification
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The Bone

I Importance of the bone :

» Bone is a highly specialized variety of C.T \ IG/
1) It forms the skeleton. - A
2) Muscles attachment. I/l N

3) Protection of soft organs as brain.

0 CONSTITUENTS OF BONE

2) Bone matrix.

1) Bone cells.

3) Periosteum.

4) Endosteum.

BONE CELLS

M There are 4 Types of bone cells:

Osteocyte

Osteoblast

Osteogenic cell

Osteoclast
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OSTEOGENIC CELLS
) OSTEOBLASTS
“osteoprogenitor cells”
Undifferentiated hymal cell
Origin nairerentia TUJ(?:)GHC ymat cets Activated osteogenic cells.
1) Inner osteogenic layer of 1) Activated inner osteogenic layer of
Sites periosteum. periosteum.
2) Endosteum. 2) Endosteum.
3) Bone marrow cavities 3) Walls of bone marrow spaces.
» Shape: flat cells » Shape: oval branched cells with few
processes
LM
» Nuclei: central flat » Nuclei: oval, eccentric, open face
» Cytoplasm: pale basophilic. » Cytoplasm: Deep basophilic
Rib , rfER, well developed Golgi
EM Rich in ribosomes & rER. Desomes, T W_Q__:___ng__ggg """" gl
apparatus & mitochondria.
» They are capable to divide & 1) Bone formation (matrix secretion).
give osteoblasts during : 2) Bone calcification:
- Growth of bone. & Alk phosphatase enz — facilitates
2- Healing of fracture bone. deposition of calcium.
Function N Pyrophosphatase enz — inhibit
pyrophosphate.
3) Matrix vesicles: buds from cell
membrane, store Ca.
4) Change into osteocytes.
FIG.
| \/
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OSTEOCYTES

OSTEOCLASTS

Origin

They are mature osteoblasts.

They arise from blood cells
i n”
monocytes

»  Where resorption takes
place:
- Bone marrow spaces.

Sites — 2- Medullary cavities.
3- Endosteum.
Each cell lies in a shallow cavity
called "Howships Lacuna”
» Shape: oval, branched cells. » Shape & Size:
» Nuclei: oval, central nuclei. % large irregular “20-30 um”.
LM » Cytoplasm: slightly basophilic and richin | »  Nuclei: Multinucleated “4-50"
alkaline phosphatase. » Cytoplasm: foamy acidophilic.
» Osteocytes can't divide, so present singly |» The cells have striated or brush
in each lacuna. border facing the bone surface
» rER, ribosomes, Golgi apparatus, & many |*» The osteoclast shows the
cytoplasmic microtubules. following 4-zones:
» The cells are present inside lacunae 1) Ruffled or striated zone.
between bone lamellae. 2) Clear Zone.
» They are connected with one another by 3) Vesicular Zone contains
EM processes passing through bone canaliculi lysosomes.
connect adjacent lacunae together. 4) Basal Zone.
» These cell processes intercommunicate - R =
with one another by gap junctions. {\.\::) b’ “5\‘/\',/‘ e
% The gap junctions between the o p
processes allow the electrolytes to -~
pass freely from one cell to the other. e
1) Formation of bone matrix & vesicles 1) Bone resorption during
rich in enzymes to preserve the integrity of ossification — remodeling of
i the bone matrix & maintaining its bone
Function , _
inorganic components. 2) Remove bone debris during
2) Related to mobilization of Ca+ from the ossification & after healing of
bone to the blood in times of need. bone fracture.
FIG. =
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Bone resorption I I

g Osteoblasts Bone Formation Bone Resorption

N ’ OSTEOCYTE 200
-~ Orge fram Mature Ostecoban
- St i lans
My smiratumabes snd (onamiid
”~ -~ T by canbacuin 57
Mantairing Dent matrie

\ ——

= Osteoblasts are responsible for bone
formation
» osteocytes help maintain bone
structure by regulating the mineral
concentration of the matrix. C E l lS
= Osteoclasts are responsible for bo
resorption f \
: 4
LK (

. OSTEOBLAST

Actvured sspemgeny Lol A
Ste oy svieogen

A
~ OSTEOCUAST
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BONE MATRIX

I General characlers:

» It is hard or solid in consistency.

» It is rich in blood supply.

I Structure:

Arterioles (Sinusoids)

Organic components

Inorganic components

50%

50%

Bone collagen Type | about 90%

Insolubl

e crystals called = “ Hydroxy apitate
crystals”

Sulphated glycosaminoglycans.

It is formed mainly of calcium & phosphorus salts
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HISTOLOGY LECTURE

®
PERIOSTEUM

I General characters:

» It is a vascular C.T. membrane covering the bone from outside.
» It is formed of 2 layers:

Outer fibrous layer Inner osteogenic layer
Formed of Rich in collagen?us fibers, blood | Formed of osteogenic spindle-shaped
vessels & fibroblasts cells.
1) Provides attachment for These cells when stimulated during
. muscles, ligaments & tendons. ,
Function growth or healing of fracture can

2) Provide bone with blood | T e

supply & Nourishment change — osteoblasts

ENDOSTEUM

I General characlers:

» It is a vascular C.T. membrane

» Lines the inner surface of the bone, bone marrow cavities & Haversian canals.

I Function of endosteum:

1) It supplies bone with blood supply & nourishment.
2) Its osteogenic cells & osteoblasts & osteoclasts are concerned with:
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Histology - MSS % Written Questions

. Answers of Histo MSS Written Questions

Lecture 1 (Skeletal Muscle)

1. Definition:-

a) Epimysium (Dense C.T surrounds the Entire muscle)

b) Perimysium (Dense C.T divides the muscle into bundles “Fascicles”)

¢) Endomysium (Loose C.T surrounds the Individual muscle fiber)

d) Myofibrils (Contractile elements which are longitudinally arranged in the sarcoplasm of
the skeletal muscle fiber)

e) Sarcomere (Functional contractile unit of skeletal myofibrils that lies between 2 Z-lines)

f) T-tubule (Narrow transverse tubular invagination that cell membrane sends into
sarcoplasm fibers to encircle sarcomeres)

g) Terminal cisterna (Two wide tubules derived from sarcoplasmic reticulum present on
both sides of t-tubule forming triad)

2. Enumerate:-
a) Involuntary skeletal muscles:-

1) Upper third of esophagus

2) Pharynx

3) Cremastric muscle

b) Sites of skeletal muscle:-

1) All skeletal muscles are attached to skeleton

2) Eye

3) Tongue

4) Pharynx

5) Larynx

¢) Thin filaments in skeletal muscle:-

1) Actin

2) Troponin

3) Tropomyosin
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d) Components of skeletal muscle triad:-

1) One T-tubule

2) Two terminal cisterna on both sides

3. Compare: Thin & Thick Filaments (s 5/ (s JalS Jyaal] SIS

4. Discuss:-

a) L/M of Skeletal Muscle fibers (L/S & T/S):-

L/S

Shape: Single elongated cell

Nuclei: Multiple, Peripheral, Flattened

Striations: Regular transverse

Sarcoplasm: Acidophilic with Myoglobin & Glycogen

T/S

* % 4| % % % %

Shape: Polyhedral
Nuclei: May be seen in some fibers
Sarcoplasm: May show dark Cohnheim’s areas due to grouping of myofibrils

Dr.M.JUSUF e

b) Structure of myofibril:-

* Alternating light and dark bands

* Dark band (A-band): Contain actin & myosin - Divided by H-zone

* Light band (I-band): Contain actin only - Divided by Z-line

¢) Role of skeletal muscle triad in contraction:-

* When nerve impulses are transmitted to Sarcoplasm, It is transmitted to
sarcoplasmic reticulum via T.T

* SR will pump Ca ions into the myofibrils

* Energy rich-ATP of muscle is converted into ADP with release of energy

over thick filaments

* This energy allows actin to interact with myosin & cause gliding of thin filaments

* Thin filaments slide towards middle of sarcomere, pulling 2 Z-lines behind them

Zone

* This allows shortening of sarcomere & lead to muscle contraction and loss of H-
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Lecture 2 ( Cardiaé &'Smoo’ch Muscle)
1. Definitions:-

a) Intercalated disc (A site where the cell membranes of two adjacent muscle cells
interdigitate and join together So, it prevents cytoplasmic continuity between different
segments)

2. Enumerate:-
a) Contents of cardiac muscle sarcoplasm:-

1) Glycogen granules

2) Mitochondria

3) Golgisaccules

4) Lipid droplets

5) Lipochrome pigment

b) Types of Junctions in Intercalated discs:-

1) Fascia adherence (Intercellular adhesion)

2) Desmosome (Prevent separation during contraction)

3) Gap junction (Free & Rapid transmission of impulse)

¢) Functions of smooth muscle:-

1) Maintain partial tonic contractions (Tonus) for long periods to regulate lumen size

2) Produce Rhythmic contractions or Peristaltic movements e.g GIT

3) In blood vessels can produce collagen type Ill & elastic fibers

3. Compare:-
a) Skeletal muscle & Smooth muscle (bl (s JalS Jsaad SIS
b) Skeletal muscle & Cardiac muscle 5l (ya JolS Jyaadl SIS

4. Discuss:-
a) L/M of Cardiac muscle fiber:-

* Small caliber - variable length - Extensive branching & anastomosing

* Nuclei: Large, Central, Oval, Mono or Binucleated

* Sarcoplasm: Granular, Acidophilic, Contain Glycogen, Mitochondria, Lipochrome

Dr.M.JUSUF e G
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@

b) E/M of Cardiac muscle T-tubules & Sarcoplasmic reticulum:-

* Cardiac muscle fibers have only Dyads (No Triads)

% One T-tubule: Present at Z-line

* One Terminal cisterna: Small, Incomplete

¢) L/M of Smooth muscle fibers:-

*

Shape: Spindle (Fusiform)

*

Nuclei: Single, Central, Oval or Rod-shaped

*

Cytoplasm: Acidophilic, Non-striated

d) E/M of Smooth muscle fibers:-

Organelles: Mitochondria, Glycogen, Ribosomes, RER, Golgi

No striations

Intermediate filaments (Desmosomes & Vimentin)

Vesicular caveolae (Fine invaginations from sarcolemma)

Less developed sarcoplasmic reticulum

4| | ] | %

Numerous gap junctions
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Lecture 3 ( Bone-—‘l )
1. Definition:-

a) Periosteum (Vascular C.T membrane covering the bone from outside)

b) Endosteum (Vascular C.T membrane that lines the inner surface of BM cavities 7
Haversian canals)

2. Enumerate:-
a) Types of Bone cells:-

1) Osteogenic cells

2) Osteoblasts

3) Osteocytes

4) Osteoclasts

b) Functions of Osteoblasts:-

1) Bone formation (matrix secretion)

2) Bone calcification (Alk phosphatase enzyme & Pyrophosphatase enzyme)

3) Matrix vesicles: Buds from cell membrane, store Ca.

4) Change into Osteocytes

¢) Zones found in Osteoclasts:-

1) Ruffled or striated zone

2) Clear Zone

3) Vesicular Zone contains lysosomes

4) Basal Zone

d) Organic components of Bone matrix:-

1) Collagen type 1

2) Sulfated GAGs

3) Osteonectin (Glycoprotein)

4) Osteocalcin (Protein)

Dr.M.JUSUF e
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e) Functions of Periosteum:-

1) Outer fibrous layer: Provide attachment for muscles - Provide bone with blood
vessels and nutrition

2) Inner osteogenic layer: Contain Osteogenic cells when stimulated during growth
or fracture healing they change to Osteoblasts

3. Compare: Osteoblast & Osteoclast (L/M - E/M - Functions)

Osteoblast Osteoclast
* Oval branched with few processes | * Large irregular cell “20-30 um”
L/M * Oval eccentric open face nuclei * Multinucleated “4-50” nuclei
* Deep basophilic cytoplasm * Cytoplasm is Foamy acidophilic
* Negative Golgi image * Have striated or brush border facing bone
E/M Mitochondria - Ribosomes — RER - Osteoclast shows 4 zones (Ruffled or Striated
Well-developed Golgi zone - Clear Zone - Vesicular Zone - Basal Zone)
* Bone formation (matrix secretion) | * Bone resorption during ossification causing
* Bone calcification (Alk phosphatase remodeling of bone
Function & Pyrophosphatase enzymes)
* Matrix vesicles: Buds from cell * They remove bone debris during ossification
membrane, Store Ca. and after healing of bone fracture
* Change into Osteocytes

4. Discuss:-
a) Osteogenic cells (L/M - E/M):-

* Flat cell
L/M | * Flat central nuclei
* Pale basophilic cytoplasm

E/M Rich in Ribosomes & RER

b) Osteoblasts (L/M - E/M):-

* Oval branched with few processes
L/M | * Oval eccentric open face nuclei

* Deep basophilic cytoplasm

* Negative Golgi image

E/M Mitochondria - Ribosomes - RER - Well-developed Golgi

Dr.M.JUSUF e G
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c) Osteocytes (L/M - E/M):-

* Oval branched cell singly in lacuna
L/M | * Oval, central nuclei
* Cytoplasm is slightly basophilic and rich in alkaline phosphatase
* RER, Ribosomes, Golgi apparatus and many cytoplasmic microtubules
* Cells are present inside lacunae between bone lamellae
E/M | * They are connected by processes passing through bone canaliculi
* These cell processes intercommunicate with one another by gap junctions
* The gap junctions allow the electrolytes to pass from one cell to the other
d) Osteoclasts (L/M - E/M):-
* Large irregular cell “20-30 um”
L/M | * Multinucleated “4-50” nuclei
* Cytoplasm is Foamy acidophilic
* Have striated or brush border facing bone
E/M | Osteoclast shows 4 zones (Ruffled or Striated zone - Clear Zone - Vesicular Zone - Basal Zone)
e) Structure of periosteum:-
* OQuter fibrous layer: Blood vessels - Fibroblasts - Collagen type 1
* Inner osteogenic layer: Osteogenic spindle-shaped cells
Dr.M.YUSUF e C7
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Lecture 4 ( Bone-—2)

1. Definition:-

a) Osteon (Structural unit of compact bone formed of Haversian canal, 4-20 concentric
bone lamellae & Osteocytes inside lacunae)

b) Volkmann canal (Transverse or oblique canals that connect Haversian canals together
& with periosteal or endosteal blood vessels)

¢) Perforating fibers of Sharpy (Calcified collagenous fibers fixing periosteum to Bone)

d) Intra-membranous ossification (The method by which a membrane of mesenchymal
connective tissue is transformed into spongy bone)

2. Enumerate:-
a) Sites of Compact bone:-

1) Shaft of long bones

2) Outer & inner tables of flat bones of the skull

3) Outer covering of vertebrae

4) Outer covering of ribs

b) Patterns of Compact bone lamellae:-

1) Outer “External” circumferential lamellae: Under periosteum

2) Inner “Internal” circumferential Lamellae: Under endosteum

3) Concentric bone lamellae: Formed of 4-20 cylinders around Haversian canals

4) Interstitial “Inter-Haversian” Lamellae

¢) Components of Haversian system:-

1) Haversian canal: Run parallel to long axis of bone

2) Concentric bone lamellae: 4-20 cylinders

3) Osteocytes: Inside lacuna between bone lamellae

d) Sites of Cancellous bone:-

1) Epiphysis of long bones

2) Central part of flat bones of the skull

3) Bodies of vertebrae & sternum

4) Young embryonic bone

Dr.M.JUSUF e
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e) Stages of Intracartilagenous ossification:-

1) Stage of Resting cartilage

2) Stage of Proliferation

3) Stage of Hypertrophy & Maturation

4) Stage of Calcification

5) Stage of Invasion

6) Stage of Spongy bone formation

7) Stage of Remodeling & Compact bone formation

3. Discuss:-

a) Structure & Function of Volkmann canals:-

* Transverse or oblique canals
Structure | * Lined with Osteogenic cells
* Contain Blood vessels

Function They connect Haversian canals together & with periosteal or endosteal blood vessels

b) Structure of Cancellous bone:-

* Formed of bone lamellae in the form of irregularly arranged bars or trabeculae
which branch and anastomose

* The bone trabecular are separated by bone marrow spaces of irregular shape and
size

* The bone marrow spaces are filled with active red bone marrow

¢) Stages of Intramembranous ossification:-

* UMCs condense forming a Primary ossification center

* UMCs change into osteoblasts, which start bone formation (Matrix secretion)

* UMC s in the spaces between trabeculae give rise to bone marrow

* Mesenchymal tissue at the surface gives rise to the periosteum

Dr.M.JUSUF e G
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Lecture 5 (Carti lage)

1. Definition:-

a) Cell nest (Group of cells that are present inside single lacunae and separated by thin
partitions of matrix)

b) Territorial matrix (The Darker staining cartilage matrix immediately surrounds the
Lacuna of chondrocytes)

¢) Interterritorial matrix (The cartilage matrix that occupies the majority of space
between chondrocytes)

d) Achondroplasia (Short-limbed dwarfism due to a genetic mutation of gene responsible
of converting cartilage to bone particularly in long bones of arms & legs)

2. Enumerate:-
a) Functions of Cartilage:-

1) Firm matrix: Allows tissue to bear mechanical stresses without distortion

2) Supports soft tissues especially in respiratory system

3) In joints: Shock-absorbing because it is resilient

4) Smooth surface Prevent rubbing of bones against each other

5) Helps connect tendons and ligaments to bones

6) Essential for growth & development of bone in growing children

b) Sites of Hyaline cartilage:-

1) Forms majority of the Fetal skeleton

2) Articular Surface of bones

3) Costal Cartilage in Thoracic cage

4) Respiratory passages: Nose, Trachea, Bronchi

5) Laryngeal cartilages “Thyroid and Cricoid"

¢) Functions of Perichondrium:-

1) Attachment of muscles

2) Blood supply & nourishment of cartilage cells

3) New cartilage formation during growth or repair “Chondroblasts”

Dr.M.JUSUF e GO
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d) Components of hyaline cartilage matrix:-

1) Tissue fluid (75%)

2) Collagen type 2

3) Proteoglycans (GAGs): Chondroitin sulphate

4) Chondronectin (Glycoprotein)

5) Chondrocalcin (Protein)

e) Sites of Yellow elastic cartilage:-

1) Ear Pinna

2) External auditory meatus

3) Eustachian tube

4) Epiglottis

f) Sites of White fibrocartilage:-

1) Intervertebral disc

2) Symphysis pubis

3) Semilunar cartilage of knee joint (Mensci)

4) Terminal parts of tendons

3. Compare:-
a) Old & Young chondrocytes (Site - Number - L/M):-
Young Chondrocytes Old “Mature” Chondrocytes
Site Under the perichondrium Deep in the cartilage
Number Present singly in flat lacunae Present in lacunae singly OR in groups (2, 4, 8) which

are called "Cell nest*

* Oval or rounded “When single”

L/M Flat cells - Oval nuclei - Basophilic | * Triangular or semicircular (When in groups)

cytoplasm * Rounded and Open face nuclei

* Granular Basophilic cytoplasm rich in Glycogen,
Fat & Alkaline phosphatase enzyme

b) Appositional & Interstitial growth (s bl (e JalS (Jsaal] SIS

¢) Territorial & Interterritorial matrix

Territorial matrix

Dark staining cartilage matrix immediately surround Lacuna of chondrocytes

Interterritorial matrix

The matrix that occupies the majority of space between chondrocytes

Dr.M.JUSUF e
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4. Discuss:-
a) Structure of Perichondrium:-

Outer fibrous layer Fibrous CT rich in Collagen type 1, Fibroblasts & Blood vessels

Innerchondrogeniclayer | Cartilage forming cells (Chondroblast) which can divide and differentiate

into Chondrocytes which secrete cartilage matrix

b) Old chondrocytes (L/M - E/M):-

L/M

Oval or rounded “When single”

Triangular or semicircular (When in groups)

Rounded and Open face nuclei

Granular Basophilic cytoplasm rich in Glycogen, Fat & Alkaline phosphatase enzyme

E/M

* %] % X % %

They contain: RER, ribosomes, well developed Golgi
The surface show short cytoplasm processes

¢) Staining of Cartilage matrix:-

1) H & E: Basophilic Due to high content of Chondroitin sulphate

2) Metachromatic stain” Toluidine blue”: Purple

3) PAS: Strong +ve

d) Explain why White fibrocartilage is the strongest type of cartilage:-

1) Presence of collagen fibers

2) Has alternating layers of hyaline cartilage matrix & thick layers of dense collagen
fibers oriented in the direction of functional stresses

e) Structure of White fibrocartilage:-

* Formed of parallel bundles of Collagen type |

* Separated by rows of chondrocytes in lacunae (Single or Pairs)

f) Differences between White fibrocartilage & Hyaline cartilage:-

1) Not covered by Perichondrium: Transitional layer between hyaline cartilage and
tendon, but it is surrounded by Dense CT

2) Matrix: Acidophilic because it contains type | collagen fibers arranged in bundles

3) Chondrocytes: Arranged in rows in lacunae (Single or Pairs) between collagen
bundles

Dr.M.JUSUF e
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HISTOLOGY

——

I_LECTURLE

0 TYPES OF BONES

© There are 2 types of bone:

Compact bone

Spongy bone

N

Compact bone

0 COMPACT BONE

Def Solid like ivory with NO apparent holes i.e. compact.

1) Shaft of long bones.
Sites | 2) Outer & inner tables of flat bones of the skull.
3) Outer covering of the vertebrae & ribs.

1. Periosteum.

Structure 2. Endosteum.

3. Bone matrix.

4. Bone cells.

A.C @




HISTOLOGY I-ECTURE

Q Bone matrix of compact bone j

+ Bone lamellae are deposited in regular pattern as follows:

Outer “external” , .
9 . . » Present under the periosteum and parallel to it.
circumferential lamellae
2 Inner “Internal” » Present under the endosteum & parallel to the medullary
circumferential Lamellae bone cavity, which contains the bone marrow.

, » Formed of 4-20 cylinders of concentric bone lamellae
8 | Concentric bone lamellae .
arranged around Haversian canal.

» Formed of calcified osteoid tissue present between
Interstitial Lamellae Haversian systems.

“Inter—Haversian” » Osteocytes are irregularly arranged between these
lamellae.

Outer circumferential lamella __—Periosteum

. e, ﬁ&
n ’1“ ,g \ g
Osteocyte i )

Blood vessel — || I

Osteon

Interstitial lamella

Inner circumferential
* lamella

Volkmann’s canal e

HAVERSIAN SYSTEM =OSTEON

Def » |t is the structural unit of the bone.

1) Haversian Canal:
L It runs parallel to the longitudinal axis of the bone

2) Concentric bone lamellae:
formed of

L It is formed of 4-20 cylinders of concentric bone lamellae
3) Osteocytes:
L They are found inside their lacunae in between the bone lamellae.

B A.C @
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°
VOLKMAN’S CANALS PERFORATING FIBERS OF SHARPY
Def These are transverse or oblique canals. These are calcified collagenous

fibers

1) They connect Haversian canals together &

with periosteal or endosteol blood vessels
Function Fixing the periosteum to the bone
2) They are lined with osteogenic cells and

contain blood vessels.

Haversian

Circumferential
canal

lamellae
Periosteum —

Concentric
lamellae Osteocyte

Haversian

system Perforating—~_

fibers of
~____Interstitial sharpey

lamellae

Pic
—— Volkmann's
canal

Periosteal
surface

Lamellae

’\—- Haversian

canal

Endosteal §
surface

CANCELLOUS BONE

Def It looks like - sponge with Many holes, so called spongy bone

1) Epiphysis of long bones.
2) Central part of flat bones of the skull.

Sifes

3) Bodies of vertebrae & sternum.

4) Young embryonic bone.

» It is formed of bone lamellae in the form of L B8 % ™ e B
. T8 :
irregularly arranged bars or trabeculae % 4 \
which branch & anastomose. ‘_ \

» The bone trabecular are separated by bone &
marrow spaces of irregular shape & size.

Structure

» The bone marrow spaces are filled
with active red bone marrow.

A.C
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Compact Bone VS Spongy Bone

-

Compact Bone

Spongy Bone

Solid like ivory with no

It looks like - sponge with Many holes, so called

Def apparent holes i.e.
spongy bone
compact.
1) Shaft of | b :
) Shafto ‘ong ones 1) Epiphysis of long bones.
2) Outer & inner tables of
) 2) Central part of flat bones of the skull.
Sites flat bones of the skull. '
' 3) Bodies of vertebrae & sternum.
3) Outer covering of the 4) Y brvonic b
oung embryonic bone.
vertebrae & ribs. Hng yonie
» Formed of bone lamellae in the form of
1. Periosteum. .
irregularly arranged bars or trabeculae
2. Endosteum. which branch & anastomose.
Structure

3. Bone matrix.

4. Bone cells.

» The bone trabecular are separated by bone

marrow spaces of irregular shape & size.

ey
IEY

Compact Bone

b

“=Bone Marrow

Lamella —]

Osteocyte

Haversian Canal

Lacuna

Merve and Vessel

Osteocyte
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OSSIFICATION

I Definition:

» It is the process of bone formation, which leads to its growth.

IMethnds of bone ossification:

1) Intramembranous ossification: It occurs in mesenchymal membranes.

2) Intracartilagenous ossification: It occurs in cartilage model.

n Intramembranous ossification
Def It is the method by which a membrane of mesenchymal connective tissue is
transformed into spongy bone “ CT — Bone”
Sites Flat bones of the skull, face & clavicle.

Stages | 3) Osteoblasts synthesize bone matrix.

5) Mesenchymal tissue at the surface gives rise to the periosteum

Mesenchymal ———————Mesenchymal cell
cells ﬁe ~——Collagen fiber
GQO 1——— Ossification
/—Osteoid : -'i‘f“"‘* o centelt
= Collagen fibres P Osteoid
) _——Osteoblast al e Osteblast
Ossification 6
cenfre Osteocyte & Osteblast
-
New bone > v 8 Osteoid
a1 || i
matrix - ]‘ e Osteocyte
\\:Ostemd ' TP S U Newly calcified
ot bone matrix
Osteoblast b & 4 L
i -
(a) (b)
Mesenchyme ) Osteoblast
forms the _ Fibrous Fibrous periosteum

periosteum peristeum
Plate of compact

e e 00
Osteoblast & : . bDO_h? ( "
) 9 v ) ~ iploe (spongy bone
: / < s cavities contain red

— Compact bone i e marrow)

Mesenchyme condensing to

form the periosteum
Blood vessel

Spongy bone

Blood vessel (cavities contain
red marrow)

Trabecula of

woven bone

A.C @ 23
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Intracartilagenous ossification

“Growing end of long bone”

Def It is a type of ossification by which cartilaginous model is replaced by bone.
Sites Epiphyseal plates of the cartilage
%t Examination of longitudinal section in the growing end of long bone
demonstrates the following stages: “ /"
1) Stage of resting cartilage:
& Chondrocytes embedded in their matrix.
2) Stage of proliferation:
& Chondrocytes divide — large number of flat chondrocytes.
3) Stage of maturation & hypertrophy:
& The chondrocytes grow in size.
% Lacunae widen & separated by thin bars of matrix.
4) Stage of calcification:
U The chondrocytes secrete Alk. Phosphatase.
Stages L The matrix becomes impermeable — cut off nutrients — DEATH of the

cells leaving empty lacunae separated by thin bars calcified matrix.
5) Stage of Invasion:
L The empty spaces are invaded by vascular mesenchymal tissue.
L Some monocytes change into osteoclasts — hole — vascular bud.
6) Spongy bone formation:
L Some osteogenic cells change to osteoblasts — form trabeculae of
spongy bone.
7) Stage of remodeling and compact bone formation:
& Osteoclast destruct bars of bone.
L Osteoblast arrange around blood vessels — form concentric lamellae

— haversian system
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Lecture 5

CARTILAGE
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II INTRODUCTION Il

Itis a Specialized type of C.T.:

* THE CARTILAGE IS avascular, no nerves or blood and lymphatic vessels.
" THE CARTILAGE HAS firm or rubbery matrix
" |TS USUALLY COVERED BY perichondrium.

FUNCTIONS

1. Firm matrix
A. Allows the tissue to bear mechanical stresses without permanent distortion
B. Supports soft tissues especially in respiratory system.

2. Injoints:
A. Shock-absorbing because it is resilient.
B. Smooth surface Preventing rubbing of bones against each other.

3. It helps connect tendons and ligaments to bones.

4. Essential for growth, development of bone in growing children.

It is formed of:
1. Perichondrium.
2. Cartilage cells = chondrocytes.
3. Cartilage matrix.

ﬂComponents of Cartilage

perichondrium elastic

Chondrocytes
Matrix - - - -mmul nutrients mmgn extrxcellutar
- - - -.nnmd:m-.mn exTerry

proafucty
through extracelhular mamix W crculuory
sysiem
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1 TYPES OF THE CARTILAGE
There are 3 types of cartilage:
1. Hyaline cartilage: it appears translucent pale blue i.e. hyaline = glassy in fresh state.
2. Yellow Elastic cartilage: It is yellow colour in fresh state.

3. White Fibro-cartilage: It is white colour in fresh state.

(c) Elastic cartilage

Hyaline Cartiloge

It is the most common type of cartilage

It constitutes the majority of the foetal skeleton.

-—
.

Articular surface of bones.
Costal cartilage in the thoracic cage.
Nose, trachea, bronchi.

VoW

Laryngeal cartilage “thyroid and cricoid”.

)

—

Tharscn Cage.
1
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L5-Cartilage

s
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Definition of Perichondrivm

® |tis vascular connective tissue membrane which surrounds the cartilage except at the

articular surfaces of the joints.

Itis formed of 2 layers:

@ Outer fibrous layer

@ Inner chondrogenic layer

= Formed of fibrous connective
tissuerich in:
1. Collagen type I.
2. Fibroblasts.
3. Blood vessels.

* Formed of cartilage forming cells
(chondroblast), which are:
- Oval young cells with cell processes
- Deep basophilic cytoplasm.
- Present in perichondrium.
- Precursors of chondrocytes (can divide &
differentiate into chondrocytes which secrete

of cartilage cells.

Structure
the cartilage matrix)
chondrocyte
chondroblast
@ —- ’ e '
lawna) "-7.‘\:
1. Attachment of muscles. * New cartilage formation during growth or

Function |2. Blood supply & nourishment repair (as chondroblasts secrete matrix, then

change into chondrocytes).

Toluidine Blue [ e ; ;
2 N 2
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Histology-MSS @ L5-Cartilage
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@ Young chondrocytes @ 0ld (Mature) chondrocytes

; Under the
Site Deep in the cartilage

perichondrium

oo i Present in lacunae singly
Number inside their | They present singly i
L glyin OR in groups (2, 4, 8) which are called "Cell nest*

lacunae flat lacunae
as they can divide.
* When single - Oval or Rounded
Cells Flat cell . . ..
» When in groups = Triangular or Semicircular
Nuclei Oval nuclei Rounded and open face nuclei
LM

= Granular.

- = Basophilic.

C L B hilic cyt

yicplasill Basophilic cytoplasm?y, Rich in glycogen, fat & alkaline phosphatase

Structure

enzyme.

* They contain:
EM - rER, ribosomes, well developed Golgi.
» The surface show short cytoplasm processes.

Function:

1- They also synthesize & secrete: the components the cartilage matrix (collagen type I,

proteoglycans hyaluronic acid and chondronectin).
2- They can divide > so, they are responsible for interstitial growth of the cartilage.

@ N.B.: Cell nests: A group of cells that are:
» Present inside single lacunae, and

» Separated by thin partitions of matrix.

Chondrocyte

Mitochondria

Lacunae
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- Cartilage motrix

@ Structure: It is formed of:

I

O | COLLAGENOUS FIBERSTYPEIl | * Which form 40% of the dry weight of the hyaline cartilage.

* Which includes:
1. Proteoglycan (GAGs as chondroitin sulphate linked

© | AMORPHOUS SUBSTANCE with a core of protein).

2. Chondronectin (Glycoprotein)
3. Chondrocalcin (Protein).

(3] TISSUE FLUID

* 75% of matrix.

@ General characters:

Consistency

Firm or rubbery

Vascularity .

The Cartilage matrix is non-vascular.
But it allows diffusion of nourishment and oxygen from blood
vessels of perichondrium to chondrocytes.

Appearance

It is homogenous as collagenous fibers have the same refractive
index of the amorphous substance.

H&E

It is basophilic due to high content of chondrotin sulphate.
o The basophilia is markedly increased around lacunae & cell nests.

Toluidine blue | =

Itis stained metatchromatically by Toluidine blue = appear purple.

Staining

PAS .

It shows strong PAS positivity.

Territorial matrix

There is concentrated of the cartilage matrix around each lacuna
which is rich in glycosaminoglcans and poor in collagen > this zone
called the territorial or capsular matrix.

. .o (Collagen
..z fiber

4,0 15, Hyaluronic
o ’acm

,. LB
= L

Territorial The darker staining matrix immediately R 2l BsA) Setieidenl bise
matrix surrounding the lacuna of chondrocytes
g - ‘ yt @ /_\/ Ly
Interterritorial Is the matrix that occupies the majority of I hdidd,
matrix space between chondrocytes. d T

ODeMWSUF . _.



https://v3.camscanner.com/user/download

Histology-MSS

@ General characters:

L5-Cartilage

Elastic Cartilage

1. Fresh elastic cartilage has a yellow colour due to presence of elastin in the elastic fibers.
2. The most flexible and stretchable type of cartilage.

3. It can be stained by standard elastic stains e.g. Orcein (Brown) and Verhoeff’s stain (Black).

@ Sites:
1. Ear pinna.

External auditory meatus.
Eustachian tube.

W

. Epiglottis.

Base of tongue

Outer ear

Middle ear I—”—‘"“—“’

T

nerve

labyrinth
Stapes

A Incus
\Malleus

"C

ep.gloms ernal Tympanic Eustachian
auditory meatus membrane tba

———Bony labyrinth

Cochleovestibular

Membranous

SITES OF ELASTIC CARTILAGE

Structure: It is essentially identical to hyaline cartilage except that:

» The matrix contains an abundant network of fine elastic fibers in addition to collagen type Il

fibrils which responsible for elasticity & flexibility of this type.
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Fibrocartilage

9

o General characters:
* |tis white in colour in fresh state.
* |tis the strongest type of cartilage that resists stretch due to:
A. Presence of collagen fibers.

B. Has alternating layers of hyaline cartilage matrix & thick layers of dense collagen fibers
oriented in the direction of functional stresses.

Sites:
1. Interverterbal discs.
2. Semilunar cartilage of knee joints (mensci).
3. Symphysis pubis.
4. Terminal parts of tendons.
Structure:
* Formed of parallel collagenous bundles of collagen type |

= Separated by rows of chondrocytes in lacunae (single or in pairs).
» [t differs from hyaline cartilage in:

* [tis not covered by perichondrium as it is usually a transitional layer
between hyaline cartilage and tendon, But it is surrounded by dense

No
O [ pericronprIUM g e
ERICHOND ; .
* [t receives the nourishment & O2 supply from the blood vessels of
the surrounding C.T.
®* |tis acidophilic because it contains a great num
o P, P co g ber of coarse type |

collagen fibers arranged in bundles.

* Are arranged in rows in lacunae (single or in pairs) between

© | CHONDROCYTES
collagen bundles.

Cartilaginous Joint — Symphysis

/ ! \V‘\ Mc':il?us Oelotioos.
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b,/ \\ Erocartiage = ’{%J
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ISEB Al
N/ ?"f o
SITES OF FIBROCARTILAGE
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@ Hyaline Cartilage @ Elastic Cartilage @ Fibrocartilage
Appearance Glassy Yellow White
. Long bone of fetal 1. Earpinna. 1. Intervertebral discs.
skeleton. 2. External auditory 2. Symphysis pubis.
Site . Costal cartilage. meatus. 3. Semilunar cartilage
. Cartilage of respiratory | 3. Eustachian tube. of knee joint.
passages 4. Epiglottis.
Perichondrium Present Present Absent
Matrix Basonhilic & h Abundant network of fine | Acidophilic & abundant
asophilic & homogenous alastic fibars collagen fibers
Collagen
Type ll Typel
fibers Typelll yp yp
I T i it Moy BT
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[ | GROWTH OF THE CARTILAGE ~ 10f

The cartilage grows by 2 mechanisms:

@ Appositional growth

@ Interstitial growth

Definition

It is the addition of new cartilage

under the perichondrium.

®» |t occurs in epiphyseal plates and
within articular cartilage.

Direction of

Growth from outside

= Growth from within

growth
By activation of chondroblast in the
Mechanism | chondrogenic layer to chondrocytes * The chondrocytes divide and
which synthesize collagen fibrils & synthesize the cartilage matrix.
ground substance.
Result of " ;
It causes growth of cartilage in width | * It causes growth of cartilage in length
growth
4
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* ltis aform of short-limbed dwarfism due to a genetic mutation of a gene
responsible of converting cartilage to bone (a process called ossification),
particularly in the long bones of the arms and legs.

ACHONDROPLASIA
* Degenerative change in the articular cartilages of both opposing bone
ends of a joint leading to their rubbing with pain sensation.
OSTEOARTHRITIS
HEALTHY JONT (OSTEDARTHRITIS

» Degenerative change in intervertebral disc between 2 vertebrae.

» Aslipped disc occurs when the outer covering of the disc (annulus) tears &
the internal gel (nucleus) herniates = causing the gel to press on the
nerve root.

Disc ‘ Spinal disc hemiation
DEGENERATION & |
PROLAPSE bl £
\
HERNIATED DISC
DrMYUSUF o oommmm oo e
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" HISTOLOGY MSS MODULE .:; CARTILAGE
CARTILAGE

CHARACTERISTIC FEATURES

> Itis a Specialized type of connective tissue (CT)

> The cartilage is avascular, no nerves or blood and lymphatic vessels.
» Has firm or rubbery matrix

» Usually covered by perichondrium.

FUNCTIONS

1. Firm matrix:
+ Allows the tissue to bear mechanical stresses without permanent distortion
4+ Supports soft tissues especially in respiratory system.

2. Injoints:
+ Shock-absorbing because it is resilient.
+ Smooth surface Preventing rubbing of bones against each other.

3. Connect tendons and ligaments to bones.

4. Essential for growth, development of bone in growing children.

Bone
Synovium Ligament
Synovial fluid

Cartilage
Bone

— DR .M. SH 1



HISTOLOGY MSS MODULE CARTILAGE
- STRUCTURE
1. Perichondrium. Perichondrium
2. Cartilage cells = chondrocytes.
3. Cartilage matrix. Chondrocytes
TYPES Matrix
YELLOW ELASTIC FIBRO-
HYALINE CARTILAGE CARTILAGE WHITE FIBRO-CARTILAGE

+ Translucent pale blue
+ i.e. Hyaline = glassy in
fresh state

4+ Yellow colour in fresh state

4+ White colour in fresh state

(a) Hyaline cartilage

Chondrocytes
in lacunae

Matrix

(b) Fibrocartilage

Chondrocyte
in lacuna

— Collagen fiber
in matrix

(c) Elastic cartilage

~—— Chondrocyte
in lacuna

Elastic fibers
in matrix

— DR.M.SH




" HISTOLOGY MSS MODULE {;; CARTILAGE
A HYALINE CARTILAGE
INCIDENCE :"."..Z!l"’l_;;;,,.,";l - e e

> Itis the most common type of cartilage.

SITES

Cell nest

1. Costal cartilage in the thoracic cage. ‘}

2. Articular surface of bones. .

3. Nose, trachea, bronchi. v Cotless

4. Majority of the foetal skeleton. 1 o

5. Laryngeal cartilage “thyroid and cricoid”. Hya'&ﬁg
STRUCTURE

.Pen'chondrium. . Cartilage cells .

1. PERICHONDRIUM :

+ Itis avascular connective tissue membrane.
DEF : | . -
+ Surrounds the cartilage except at the articular surfaces of the joints.
0 R FIBRC AYER : DNDRQO
+ Fibrous CT. + Cartilage forming cells
+ Richin: chondroblast) which can divide
FORMED S, '
OF 1. Collagen typell. and differentiate into chondrocytes
2. Fibroblasts. which secrete cartilage matrix.
TYPES
3. Blood vessels.
+ Attachment of muscles. |+ New cartilage formation during
FUNCTION + BIoog supply & | growth or repair, (as chondrc?blasts
nourishment of cartilage secrete matrix, then change into
cells. chondrocytes).
— DR .M. SH 3
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HISTOLOGY MSS MODULE e? CARTILAGE
&/
CHONDROBLASTS
+ Oval young cells with cell processes.
+ Deep basophilic cytoplasm.
+ Present in perichondrium.
+ Precursors of chondrocytes.
f ,,.-"'}
2. CARTILAGE CELLS :
B YOUNG CHONDROCYTES OLD CHONDROCYTE
SITE Under the perichondrium Deep in the cartilage
+ Flat cell with oval + LM
nuclei and basophilic > Single — Oval or rounded
cytoplasm > Groups — Triangular or semicircular.

> Rounded and open face nuclei.
> Granular, basophilic cytoplasm rich in

STRUCTURE glycogen, fat and alkaline phosphatase
enzyme.
+ EM:
> Contain rER, ribosomes, well developed
Golgi.
> Surface — short cytoplasm processes.
h;::f:: + Present singly in flat + Present in lacunae singly or in groups (2, 4, 8)
LACUNAE lacunae which are called "Cell nest™ as they can divide.
1. They synthesize and secrete: the components the cartilage matrix (collagen
type Il I I ic aci in).
FUNCTION ype ll, proteoglycans hyaluronic acid and chondronectin)

2. They can divide so, they are responsible for interstitial growth of the
cartilage.

N8
> a group of cells that are present inside single lacunae and separated by
thin partitions of matrix are named (cell nests).

— DR .M. SH 4
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CARTILAGE
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3. CARTILAGE MATRIX :

GENERAL
CHARACTERS

1. Consistency: firm or rubbery.
2. Non-vascular: but it allows diffusion of nourishment and oxygen from
blood vessels of perichondrium to chondrocytes.
3. Itis homogenous as collagenous fibers have the same refractive index of
the amorphous substance.
4. Itis basophilic due to high content of chondrotin sulphate.
+ The basophilia is markedly increased around lacunae and cell nests.
5. ltis stained metatchromatically by Toluidine blue — appear purple.
. It shows strong PAS positivity.

(@)

There is concentrated of the cartilage matrix around each lacuna which is
+ Rich in glycosaminoglcans

ke

+ Poor in collagen.
This zone called the territorial or capsular matrix.

STRUCTURE

a- Collagenous fibers type Il:
P form 40% of the dry weight of the hyaline cartilage
b- Amorphous substance:
> Proteoglycan (GAGs as chondroitin sulphate linked with a core of
protein).
> Chondronectin (glycoprotein)
> Chondrocalcin (protein).
c- Tissue fluid (75% of matrix).

. Collagon
Water * s fibor

.+ ;. Hyaluronic
;[ acld

. \.v-_ Keratin ,GAG'
sullate -

— DR.M.SH
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HISTOLOGY MSS MODULE CARTILAGE
WHAT IS THE DIFFERENCE BETWEEN TERRITORIAL AND INTERTERRITORIAL MATRIX?
' TERRITORIAL MATRIX INTERTERRITORIAL MATRIX
+ The darker staining matrix immediately + Is the matrix that occupies the majority of
surrounding the lacuna of chondrocytes space between chondrocytes.

Interterritorial matrix

Trachea

— DR.M.SH 6
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HISTOLOGY MSS MODULE o3 _ CARTILAGE
B YELLOW ELASTIC FIBRO- CARTILAGE

+ Fresh elastic cartilage has a yellow colour due to presence of elastin in the
GENERAL elastic fibers.

CHARACTERS |+ The most flexible and stretchable type of cartilage.

+ Stained by standard elastic stains e.g. orcein and verhoeff's stains.

+ Earpinna.
+ External auditory meatus.

IT!
STTED 4+ Eustachian tube.

+ Epiglottis.

+ Itis essentially identical to hyaline cartilage except that:
STRUCTURE » The matrix contains an abundant network of fine elastic fibers in

addition to collagen type Il fibrils which responsible for elasticity and
flexibility of this type.

«  __Outerfibrous layer

: %_ Inner chondrogenic

layer

"; Single chondrocytes -

inside lacuias™
Elastic fibres ' — ———__ Cell nest
N s i / -
in the matrix S \

Pedchondﬁu%"*“, . e
g = \Hb

- o LS S S

Elastic fibro-cartilage

— DR.M. SH 7




HISTOLOGY MSS MODULE @ CARTILAGE
C WHITE FIBRO-CARTILAGE

GENERAL
CHARACTERS

+ Itis white in colour in fresh state.

+ ltis the strongest type of cartilage that resists stretch due to presence of
collagen fibers and has alternating layers of hyaline cartilage matrix and
thick layers of dense collagen fibers oriented in the direction of functional
stresses.

SITES

+ Interverterbal discs.

+ Semilunar cartilage of knee joints (mensci).
+ Symphysis pubis.

+ Terminal parts of tendons.

STRUCTURE

+ It differs from hyaline cartilage in:
1. Itis not covered by perichondrium
> Usually a transitional layer () hyaline cartilage & tendon, but
surrounded by dense C. T.
> It receives the nourishment and Oz supply from the blood vessels of
the surrounding C.T.
2. Matrix:
> Itis acidophilic because it contains a great number of coarse typell
collagen fibers arranged in bundles.
3. Chondrocytes:
> Arranged in rows in lacunae <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>