
A	

Histology		
4 

Mohammad alomari  



Dr. Mustafa Saad
(2022) 

1

part 1

�ώϳήϔΗ��ϱήϤόϟ�ΪϤΤϣ



� Cartilage is a supportive type of connective tissue
whose ECM is of a firm consistency which allows
the cartilage to bear mechanical stresses.

� Cartilage is formed of Chondrocytes and ECM. This
ECM is composed of fibers and ground substance
synthesized by the chondrocytes.

� According to the relative contents of the ECM,
cartilage can be divided into three types:

1. Hyaline Cartilage.
2. Elastic Cartilage.
3. Fibrocartilage.
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ϝΎΑ�ΎϨθϠΑ�ϖΑΎδϟ�ήΘΑΎθϟΎΑCT�ϦϴϋϮϧ�ϪϨϣ�ΎϧάΧϭ�ϝAreolarϝϭLiquid���Ρέ�ήΘΑΎθϟ�νΎϬΑϭ
ϝ�Ϯϫϭ�ωϮϧ�ήΧ�Ϧϋ�ϲϜΤϧSupportive

Cartilage is characterized by :

�Ϫϴϓ�ΞϴδϨϟ�Ϫϧ·�ϑήϋ�Ύϣ�ΩήΠϣchondrocytes�Ϫϧ·�ϲϨόϳ�νΎϬϓcartilage��ϝ�ϲϠϧϮ˷ϜΘΑ�ϲϠϟ�ϲϫϭECM

�ϥϮϜΑfirmΩϮΟϭ�ΐΒδΑ
ϝchondrocytes

ϫίήϔΑ�ϲϠϟ�ΩϮϤϟ�ΔόϴΒρϭΎ



� Cartilage contain no blood vessels or nerves.
Nutrients and stimuli reach this tissue by diffusion
from the Perichondrium or from the nearby synovial
fluid.

� Perichondrium:
Is a layer of dense connective tissue that covers all
hyaline cartilages (except in joints) and all elastic
cartilages. It¶s richly vascular and contains collagen
fibers and fibroblasts. It¶s essential for the
nourishment of the cartilage.

Peri- = around. Chondro- = related to cartilage. 3

ϝ�ϱίEpithelial tissue�ϝ�Ϫϧ·�ϕήϔϟ�βΑETϝ�Ϧϣ�ΔϘΒρ�Ϧϣ�ΔϳάϐΘϟ�ϰϠϋ�ϞμΤϳ�ϥΎϛCTϪΘΤΗ�

ϝ�ϲϓjointsϝ�ΔϳάϐΗ�ϢΘϳcartilageϝ�ϖϳήρ�Ϧϋsynovial fluid����ϲϓ�Ύϣ
ϝ�ϖϳήρ�Ϧϋ�ϑ�ϦϛΎϣϷ�ϲϗΎΑPerichondrium

*ϝ�Ϫϧ·�ΎϤΑ�ΐϴρcartilage�Ϫϴϓ�Ύϣnerves���ϴμϳ�ΎϤϟ�ˮϒϳέΎπϐϟΎΑ�ΏΎϬΘϟ·ήϴμϳ�ΎϤϟ�βΤϨΑ�ϒϴϛ�ή
�ϞϤόΑ�ΏΎϬΘϟϹpressureϝ�ϰϠϋPerichondriumϞϠΧ�ϲϓ�Ϫϧ·�ΓέΎη·�ϞϘϨΑ�ϲϠϟ�Ϯϫϭ

ϝΎΑ�ϪϴϗϼϨΑelastic����ϥϮϜΑ�Ύϣ�βΑ
ϝΎΑ�ΩϮΟϮϣfibro cartilage��ήϴϏ
ϝΎΑ�ϰτϐϣperichondrium�



Functions of Cartilage:
1. Support of soft tissues, as in the larynx and trachea.
2. Acts as a shock absorber as in the intervertebral disc.
3. Important for development and growth of bones before and

after birth.
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Chondrocytes:
� Oval or round cells.
� Located inside spaces in the surrounding matrix called

lacunae.

� Each lacuna may contain 1-8 chondrocytes.
� Function: production of the ECM including the fibers and

large molecules of the ground substance.
Lacuna (plural, lacunae) = small space, gap 

ϝskeleton�Ϧϋ�ΓέΎΒϋ�ΎϬϋΎΗ
cartilage�ζϣbones

(The characteristic cells of cartilage)

ϝ�ωϮϧ΄ΑCTϝ�ΖϧΎϛ�ΔϘΑΎδϟcellsϝ�ϲϓ�ΓήθΘϨϣECMϝΎΑ�ΔρΎΤϣϭground sub����
�ΎϨϋ�ϲϓ�ϥϮϫ�βΑempty spaces�ΎϬϤγlacunae�ϞϜθΘΑcavitiesϝΎϋ�ϱϮΘΤΘΑ�Γήϴϐλcells



5

Hyaline Cartilage
� The most common type of

cartilage. Fresh hyaline cartilage is
bluish-white in color.

� The chondrocytes are oval or
round.

� The ECM is rich in collagen fibers.

� The ground substance is rich in
hyaluronic acid.

Fig.1: Hyaline Cartilage. P = perichondrium. M = ECM.

ϝ�ϲ˷ϠΜϤΘΑ�ήϭΪϟlacunae����ΎϬϠΧΪΑϭ
ϝ�ϲϗϼϨΑchondrocytes

�ϞΜϤΘΑ�ϑήρϷΎϋ�ΓήϫΎψϟ�ϲϠϟ�ΔϘτϨϤϟ
ϝPerichondrium�ςϴΤΑ�ϲϠϟ

ϝΎΑcartilage
�ΓέΎΒϋ�ϞϣΎϜϟΎΑ�νΎϫϭ

ϝ�Ϧϋcartilage

ϝcollagen fibers�ϥϮϜΘΑacidophilic
ϝ�ΎϤϨϴΑhyaluronic acid�ϥϮϜΑ
basophilic���ϝ�ϦϜϟcartilage�ΔϠμΤϤϟΎΑ

ϲΠδϔϨΑ�ϥϮϠΑ�ήϬψΑ���ϝ�Ϫϧ·�ΐΒδϟϭfibers
�ϲϓ�ϊϤΠΘΘΑ�Ύϣϭ�Γήϴϐλ�ϥϮϜΘΑbundles���

ήϴΛ΄Η�ήϬψΑ�Ύϣϭ�ΔϐΒμϟΎΑ�ήΛ΄ΘΘΑ�ΎϤϓΎϫ
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� During development, it serves as a template for the
formation of long bones.

� Location (in adults):
1. Articular surfaces of bones in some joints.

2. Some cartilages of the airway passages (nose, thyroid
and cricoid cartilages of the larynx, and trachea).

3. Costal cartilages.
4. The epiphyseal growth plate.

�ϦϴϨΠϟ�ΓΎϴΣ�ϝϼΧ�fetal / embryologic life�

ϝ�Ϧϣ�ήϴΜϛbones�Ϧϋ�ΓέΎΒϋ�ϥϮϜΘΑcartilage�ϝϼΧ
�ΓΩϻϮϟ�ϞΒϗ�ϦϴϨΠϟ�ΓΎϴΣ��ϱΪϨϋ�ήϴμΑ�ΎϫΪόΑossification

ϲϣϮΗΎϧϷΎΑ�ΎϧάΧ�Ύϣ�ϱί�

ϝ�Ϟϛ�ζϣlarynx����ϲϓ�ςϘϓ
ϝthyroidϝϭcricoid

�ϝϮτϟΎΑ�ϡΎψόϟ�ϮϤϧ�Ϧϋ�ΔϟϭΆδϤϟ�ϲϫ
�ϪοήΑ�ϲϣϮΗΎϧϷΎΑ�ΎϨϠϗ�Ύϣ�ϱί�

ϝ�ϲϓ�ϞΧΪΑ�ϲϠϟ�Ϣψόϟ�Ϧϣ�˯ΰΠϟ�ϲτϐΘΑjointϝ�ϱίhead of humerus

ௌ�ϥΎΤΒγ��Ϳ�ΪϤΤϟϭ��ௌ�ϻ·�Ϫϟ·�ϻϭ��ήΒϛ�ௌϭ
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Elastic Cartilage
¾ The ECM of this type of

cartilage is rich in elastic
fibers which give the fresh
cartilage a yellow color.

¾ Location:
1. Auricle of the ear.
2. Wall of external auditory

canal.
3. Auditory tube.
4. Epiglottis and cuneiform

cartilages of the larynx. Fig.2: Elastic Cartilage. Special stain
was used for the elastic fibers. Note
the perichondrium on both sides.

ϴΒϛ�ΔϴϤϛ�ϢϛήΗϭ�ϊϤΠΗ�ϑϮθϨΑ�ΓέϮμϟΎΑ�Ϧϣ�Γή
ϝlacunae�ϰϠϋ�ϱϮΘΤΘΑ�ϲϠϟ

ϝchondrocytesϝ�ϦϴΑ�ϲϠϟ�Ϟϛϭlacunae
ϝ�Ϯϫ�ϖϣΎϐϟ�ϥϮϠϟΎΑelastic fibers

ϝ�Ϧϣ�ΔϘΒρ�ϑήρϷΎϋϭperichondrium
�ϋ�ξϴΑϷΎΑ�ΖϧΎϛ�ϲϠϟ�ΔϘΒτϟ�ΎϬδϔϧ�ϲϫ�ΪϨ

ϝhyalineΎϬϐΒλ�ϢΗ�ϥϮϫ�βΑ�
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Fibrocartilage
9 The chondrocytes in the

lacunae are arranged
axially.

9 The matrix is rich in
collagen fibers.

9 This type of cartilage
possesses no perichondrium.

9 Location: Intervertebral discs, pubic symphysis and the
menisci of the knee joint.

Fig.3: Fibrocartilage. Note the axial
arrangement of the chondrocytes and
the acidophilic matrix.

�ϯήΧϷ�ΔΠδϧϷ�Ϧϣ�ϪΘϳάϐΗ�ϰϠϋ��ϞμΤΑ
�Ϫϴϓ�ΔτϴΤϤϟ��ϴϘΑΎδϟ�ϦϴϋϮϨϟ�βϜϋ�ϰϠϋ�ϲϠϟ�Ϧ

ϝ�ϝϼΧ�Ϧϣ�ϢϬΘϳάϐΗ�ΖϧΎϛperichondrium

ϝ�Ϫϧ·�Ϧϣ�ϢϏήϟΎΑcollagen fibers�ϥϮϜΘΑ�Ϫϴϓdensely packed�ϪϴϤγ�έΪϘΑ�Ύϣ�βΑdense 
collagenous CT�ϰϠϋ�ϱϮΘΤΑ�Ϫϧ·�ΐΒδϟϭchondrocytes����έΎλ�ϲϨόϳcartilage
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Fig.4: Location of the
different types of cartilage.
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Intervertebral Discs

o These discs are located
between the bodies of two
adjacent vertebrae.

o They¶re formed of two
parts:

1. Outer Annulus fibrosus.
2. Inner Nucleus pulposus.

o They act as cushions and
shock absorbers for the
vertebrae.

Fig.5: Parts of the intervertebral
disc.

And supports the vertebrae
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Annulus fibrosus:
o It¶s formed of an external layer

of dense collagenous irregular
connective tissue. Internally,
there are multiple layers of
fibrocartilage. The direction of
the collagen fibers in any layer
is 90� to that of the adjacent
layer.

o This arrangement makes the annulus resilient and
enables it to act as a support for the vertebrae.

Fig.6: The annulus and its layers.

ϝ�ϩΎΠΗ�ϰϠϋ�ϭΰϛέfibers�ϒϴϛ�ΔϘΒρ�Ϟϛ�ϲϓ
ΎϬΘΤΗ�ϲϠϟ�ϰϠϋ�ϱΩϮϤϋ����ΓϮϗ�ΎϬϴτόΑ�νΎϫϭ

ΕήϘϔϟ�ϢϋΪΗ�ϥΎθϋ�Δϧϭήϣϭ

ϝ�ϞΜϤΑ�ΓέϮμϟΎΑ�ϲϠϟcartilage
�ϦϴΑtwo vertebrae
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Nucleus pulposus:
o It¶s formed of a gel-like

substance rich in hyaluronic
acid and some collagen fibers.

o It may contain some cells.
o It has a high water content.
o It acts as a shock absorber.

Fig.7: The nucleus pulposus and how it acts as
a shock absorber.

�Ϧϣ�ΔϧϮ˷Ϝϣ�ΎϬϧϹϭgel-like substance�ϊϣhigh water 
contentΕΎϣΪλ�κΘϤϤΑ�ϪΒη�ϥϮϜΘΑ���ϟϭ�ΓϮϘϟ�ϞϠϘΘΑϭ�ςϐπ

έΪΘϟΎΑ�ϱήϘϔϟ�ΩϮϤόϟΎΑ�ΔϴϧΎΜϠϟ�ΓήϘϓ�Ϧϣ�ϞϘΘϨΑ�ϲϠϟΞϳ

ΩϣΣϣ�ΎϧΩϳγ�ϰϠϋ�ϡϠγϭ� ˶ϝ˷λ�ϡϬϠϟ
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� If the annulus weakens, the nucleus will
protrude outside the disc Æ Disc
prolapse/herniation.

� This may cause compression on the spinal
cord or the roots of the spinal nerves.

Disc prolapse

� Percutaneous Laser Disc Decompression
် An optical fiber through a hollow needle is inserted into the

herniated disc
် Laser beam is delivered to the nucleus pulposus through the

fiber. This will evaporate some of the water in the nucleus
creating a vacuum.

် The herniated disc will recede back into this vacuum
relieving the compression.

Fig.8: Disc prolapse.
ϝ�Ϫϧ·�ΎϤΑNPϝΎΑ�ϞϠΧ�ϭ�ϒόο�ϱ΄ϓ�ΔϟϮϴδϟ�Ϧϣ�ωϮϧ�ΎϬϴϓ�ΔϴϨϴΗϼΟ�ΓΩΎϣAFϝ�ΏήδΘϟ�ϱΩ΄ϳ�ΡέNP

ϝ�ΔΠϟΎόϣ�ϕήρ�Ϧϣdisc prolapse�ΎϬϠΧΪΑ�ϩήΑ·�ϞΧΩ�ϲϧ·�ϲϫoptical fiber���ς˷Ϡγ�ϦϳΪόΑlaser�Ϧϋ
ϝ�ϖϳήρfiberϝ�ϰϠϋNP����ϰϠϋ�ϱϮΘΤΘΑ�ΎϬϧ·�ΎϤΑϭwaterϝΎϓlaser�ήΨΒΘϳ�ϲϟΎΘϟΎΑϭ�ΓέήΤϟ�ϊϓήϳ�Ρέ

�ϱΪϨϋ�ϞϤόϳϭ�˯ΎϤϟ�Ϧϣ�˯ΰΟvacuum�ύήϓ��ϝ�ΐΤδϳ�ύήϔϟ�νΎϫϭdiscϲόϴΒτϟ�ϪόοϮϟ�ϪόΟήϳϭ
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Cartilage Formation, Growth and 
Repair

� Formation of cartilage is from precursor cells called
Chondroblasts.

� Growth of cartilage is by two methods:

1) Interstitial growth : in which the chondrocytes of the
cartilage divide to form new cells.

2) Appositional growth: in which the cells of the surrounding
perichondrium differentiate into chondrocytes.

� Cartilage repair is usually slow and incomplete due to the
avascularity of this tissue.

�ΎϬϤγ�ΎϳϼΧ�ϱΪϨϋ�ΔϴϨϴϨΠϟ�ΓΎϴΤϟ�˯ΎϨΛchondroblasts�ϦϳΪόΑ�ϲϠϟϭ
ϝ�ϝϮΤΘΘΑchondrocytesϝ�ϥϮ˷ϜΘΑϭcartilage

In adults (after birth)

(Within the tissue)

�ϲϘΒρ��ΝέΎΨϟ�Ϧϣ�
ϝ�ϞΧΩ�ΎϳϼΨϟcartilage

ήΜϜΘΑϭ�ϢδϘϨΘΑ

ϝperichondriumϝΎΑ�ςϴΤϤϟcartilageϝ�Ϧϣ�ΔϘΒτϟ�ϝϮΤΘΑcartilage

ΒδΑ�ΪΟ�˯ϲτΑ�έϮδϜϟ�ΪόΑ�ΎϬΟϼϋϭ�ϡΎψόϟ�ϮϤϧ�ΐ
ΎϬϴϓ�ΔϳϮϣΩ�Δϴϋϭ�ΩϮΟϭ�ϡΪϋ
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Reducing the power
needed in some actions

Bone is a structural type of connective tissue characterized by
the presence of a calcified extracellular matrix (called Bone
Matrix) with 3 types of cells:

Osteo- = related to bone. ±clast = break. Bone tissue = osseous tissue. 16

1. Support fleshy tissues.
2. Protect vital organs: Skull protects the brain. Thoracic cage

protects the heart and lungs.
3. Store and release of Ca2+ and PO4

3- ions.
4. Some bones contain red marrow which is the site of

formation of blood cells.

5. Act as levers that multiply force of contraction of muscles.

Functions of Bones

1. Osteoblasts 2. Osteocytes 3. Osteoclasts

�ϱΪϨϋ�ϲϠϟ�ΞϴδϨϟ�Ϫϧ·�ϝϮϗ�έΪϗ�ϥΎθϋbones
�ϦϴΘϠϐη�Ϫϴϓ�ϑϮη�ϡίϻ�

*ϝECMϝ�ϲϓbones�Ϯϫ�ΐΒδϟϭ�ΐϠλ�ϥϮϜΑ
ϝ�ΩϮΟϭCa��ϪϠϴϜΤϨΑ�Ϛϴϫ�ϥΎθϋCalcified�

ϝ�Ϧϣ�ϦϴϋϮϧ�ϱΪϨϋbone marrow���ϝred��ήϤΣϷ�ϪϧϮϟϭ
ϝ�ΩϮΟϭ�ΐΒδΑblood cellsϪϴϓ��ϝ�ϲϧΎΜϟ�ωϮϨϟϭyellow�Ϧϋ�ΓέΎΒϋ�Ϯϫϭfatty tissue�ϦϳϮϜΘΑ�Δϗϼϋ�Ϫϟ·�Ύϣϭ

ϡΪϟ�ΎϳϼΧ���ϝ�ΔϴϤϛ�ήϤόϟ�ΔϳΪΒΑRed BMϝ�ϝϮΤΘϳ�ήϴμΑ�ήϤόϟ�ϡΪϘΗ�ϊϣϭ�ΪΟ�ΓήϴΒϛ�ϥϮϜΘΑyellow BM



Ɓ Osteoblasts are responsible for the formation of the
organic matrix of bone and the subsequent deposition of
minerals.

Ɓ They form a single cell-layer on the surface of bones.

Ɓ Active cells are cuboidal or low columnar with
basophilic cytoplasm. Inactive cells are flattened and
less basophilic.

17

The cells that 
form bones

ϝ�ϥϮ˷ϜΗ�Ύϣ�ΪόΑorganic components�ϲϠϟ�ϥΩΎόϤϟ�ΔϓΎο·�ϰϠϋ�ϞϤόΘΑ
�Ϧϣ�Ϣψόϟ�ΎϬΟΎΘΤΑCa�ϭPO4ϢϫήϴϏϭ

ϩΩϣΣΑϭ�ௌ�ϥΎΣΑγ��ϪϘϠΧ�ΩΩϋ��Ϫηέϋ�Δϧί˶�ϭ��ϪΗΎϣϠϛ�ΩΩϣϭ



Ɓ Osteoblasts secret the organic matrix from its surface
in contact with old bone, creating an area of yet
unmineralized bone called Osteoid.

-oid = similar to, like. 18

Ɓ Later on, osteoblasts will deposit
the inorganic components to
form the bone matrix.

�ήϤΣϷ�ϥϮϠϟΎΑ�ϲϠϟ�ϱΩέϮϟ���
ϝ�ϞΜϤΑbone�ϪϧϹ�ήϤΣ�ϪϧϮϟϭ

�ϰϠϋ�ϱϮΘΤΑcollagen fibers
ήϴΜϛ���ϝϭosteoblasts�ΓήϫΎυ

ΐϧϮΠϟΎϋ�ϲΠδϔϨΒϟ�ϥϮϠϟΎΑ

ϝosteoblastsϦϴΤτγ�ΎϬϟ·���ϝ�ϞΑΎϘΑ�ϢϬϨϣ�ΪΣϭbone�ϲϠΧΩ���νΎϫϭ
ϝ�ίήϓΈΑ�ϡϮϘΑ�τδϟECM�Ϣψόϟ�ϦϴΑϭ�ΎϬϨϴΑ�ξϴΑ�ςΧ�ϞϜη�ϰϠϋ�ήϬψΘΑ

�ΓέϮμϟΎΑ�ΎϬϴϠϋ�ήη΄Α�ϢϬδϟ����ΤΗ�Ύδϟ�ϥϮϜΑ�ΔϠΣήϤϟ�ϱΎϫ�ϲϓ�Ϣψόϟ�βΑ�Ζ
�ϰϤδϣosteoid�ϭ�ϥΩΎόϣ�Ϫϴϓ�Ύϣ�ϪϧϹCa

Fig.9: Osteoblasts (OB). Note how they form as
single layer. The bone tissue is red in color due to
high collagen content. The narrow faint line adjacent
to the osteoblasts is the newly formed osteoid.

�ίήϓΈΑ�ϡϮϘΘΑ�ΎϘΣϻϭ�ωΪϳ·��ϝinorganic 
components�ϦϣmineralsΎϫήϴϏϭ

�ϰϠϋ�ϱϮΘΤΗ�ΎϬϧ·�ϡΎψόϟΎΑ�ϲγΎγ�ρήηCa�Ύϣ�Ϯϟϭ
�ΎϫήΒΘόΑ�Ύϣ�ΎϬϴϓbones



Ɓ An osteoblast will eventually be surrounded by the matrix it
produced and it¶ll convert into an Osteocyte. Osteocytes are
flattened, almond-shaped cells featuring cytoplasmic processes
with reduced rough endoplasmic reticulum and Golgi complex
and darker nuclei.

Ɓ They¶re involved in the maintenance of the bony matrix.

Ɓ Each osteocyte is located within a lacuna. Its processes are
located in bony canals called canaliculi.

Ɓ Processes of osteocytes are connected with each other by gap
junctions, allowing transport of nutrients between cells. This is
vital because the passage of nutrients through the calcified
matrix is difficult.

19

ϝosteoblastsϝ�ΞΘϨΘΑmatrix���ςϴΤϳ�ΎϤϟϭ
ϝ�ϝϮΤΘΗ�Ρέ�ϞϣΎϜϟΎΑ�ΎϬϴϓosteocytes

That¶s why its less active than the osteoblasts

�ϱΪϨϋ�Ϯϟ�ϲϨόϳfiberϝ�Ϧϣ�ΓΪΣϭ�ϭ�ΪϳΪΠΗ�ϩΪΑmoleculesϝΎϓ�ΪϳΪΠΗ�ΎϫΪΑosteocytes�ϲϫ
�ΎϬϧϮ˷ϜΘΑ�ϲϠϟ�ϝ�Δϔϴυϭ�ϲϫ�ϞϣΎϜϟΎΑ�ΪϳΪΟ�Ϣψϋ�ϦϳϮϜΗ�βΑosteoblasts�

�ϞϛlacunaΓΪΣϭ�ΔϴϠΧ�ϰϠϋ�ϱϮΘΤΘΑ



Cell process inside a canaliculus

Fig.10: Osteocytes. The EM image to the left clearly shows the lacuna, the cell processes and the canaliculi.20

The osteocyte 
inside the lacuna

��ΎϬϴϓ�ΔτϴΤϤϟ�ΔϘτϨϤϟ
ϝ�ϲϫ�ξϴΑϷΎΑlacuna�

Lacuna
�Ϟϛϭlacuna�ΩΪϋ�ΎϬϨϣ�ϊϠτΑ
ϝ�Ϧϣcanaliculi�ϮτΒΗήΑϭ
Ώgap junctions

�Ϟϛϭcanaliculi�ήΒόΑ
ϝ�ΎϬϟϼΧprocess�ωΎΗ
ϝosteocytes

Canaliculi
ϝlacunaλϮΗ�ϰϠϋ�ΪϋΎδΘΑ�ΓΎϨϗ�Ϧϋ�ΓέΎΒϋ�Ϟϴ

Ϣψόϟ�ϞΧΩ�ΩϮϤϟ�ϞϘϧϭ����ϱΎϫ�ΐόλ�ϪϧϹ
ϝ�ϝϼΧ�Ϧϣ�ήΒόΗ�ΩϮϤϟcalcified bone

κϨϟΎΑ�ήϴμΑ�˯ΎϘΘϟϹϢϬϨϴΑ



Ɓ Osteoclasts are large,
motile, multinucleated
cells.

Ɓ They¶re formed by the
union of several bone-
marrow derived
mononucleated cells.

Ɓ They¶re responsible for
the resorption of bone.

21

Fig.11: Osteoclast in action.
(Destruction)

ϝmonocytes�ϝϮΤΘΘΑ�ϢΛ�Ϣψόϟ�ϞΧΪΘΑ
ϰϟ·macrophages �Ϧϣ�ΔϋϮϤΠϣ�ϦϳΪόΑ
ϝmacrophages�ϥϮϜΘΑϭ�ξόΑ�ϊϣ�ΪΤΘΘΑ

osteoclast��

(The macrophages of bones)

ϰϧϐϟϭ�ϑΎϔόϟϭ�ϰϘΗϟϭ�ϯΩϬϟ�ϙϟ΄γ�ϲϧ·�ϡϬϠϟ



Process of Bone Resorption:

22

(area)

ϝ�ϚϴϜϔΗϭ�Ϟ˷Σ�ϢΘϳmatrixϝ�Φο�ϖϳήρ�ϦϋHϝ�ήϣΪΘΑ�ϲϠϟinorganic components
ϝ�ίήϓ·ϭenzymesϝ�ήϴϣΪΗ�ϰϠϋ�ϞϤόΘΑ�ϲϠϟcollagen fibers

1) Osteoclast works in a specified depression called Resorption Bay
(Howship¶s Lacuna).

2) Their cell membrane facing the matrix is thrown into folds called
the Ruffled Border (to increase surface area).

3) Around the ruffled border the cytoplasm is rich in Actin filament
which help in adhering the cell to the matrix (this area is called the
Circumferential Adhesion Zone).

4) Into the subcellular space thus formed, H+ ions are pumped and
lysosomes fuse with the cell membrane and release their
secretions (including collagenases) to the outside. In this way, the
collagen and hydroxyapatite of the matrix are dissolved.



Fig.12: Bone resorption by osteoclasts
23
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Important note:

o The resorption of old bone by osteoclasts and its
replacement by new bone by osteoblasts is a
continuous normal process.

o It occurs to renew the bone so that it¶ll always stay
strong to withstand the great pressures exerted on
the bone.

ϝ�ϲϓϭbonesΒρ�ϦϳϮϜΗϭ�ΔϤϳΪϘϟ�Ϣψόϟ�ΕΎϘΒρ�ήϴϣΪΗ�Ϧϣ�ΓήϤΘδϣ�ΔϴϠϤϋ�ϱΪϨϋ�ϥϮϜΑ�ΕΎϘ
ΓΪϳΪΟ���ϪΗϮϗϭ�ϪΘΑϼλ�ϰϠϋ�φϓΎΤϣ�Ϟπϳ�Ϣψόϟ�ϥΎθϋ



Dr. Mustafa Saad
(2022) 

25

part 2

�ώϳήϔΗ��ϱήϤόϟ�ΪϤΤϣ



Disease Pathology Notes

Osteitis
fibrosa cystica

Increased level of 
PTH causes 
excessive stimulation 
of osteoclasts that 
leads to increased 
resorption. Cysts are 
formed within the 
bone.

í Bones are
decalcified and
liable for fracture.

í High Ca2+ level in
blood increases
risk of renal
stones.

PTH = Parathyroid Hormone. ±itis = inflammation. Petrosis = stone. 26

�Ϧϣ�ϩίήϓ·�ϢΘϳ�ϥϮϣήϫ
ϝparathyroid gland

ϝPTHϝ�ϒΎυϭ�ϰϠϋ�ήΛ΄Α�ϥϮϣήϫ�Ϯϫosteoclasts���ΓΩΎϳΰϟ�ϱΩ΄Η�Ρέ�ϪΘΒδϧ�ΓΩΎϳί�ϲϟΎΘϟΎΑ�ϑ
ϝ�ρΎθϧosteoclasts���ϝ�ΔϴϠϤϋ�ϲϓ�ΓΩΎϳΰϟ�ϱΩ΄ϳ�Ρέ�ϲϟΎΘϟΎΑϭresorption����Ρέ�ϲηϹ�νΎϫϭ

�ϦϳϮϜΘϟ�ϱΩ΄ϳcysts�cavities?ΕΎϏήϓ���ϢψόϠϟ�ϑΎόο·�ϭ�ΔηΎθϫ�ϞϤόϳ�Ρέ�νΎϫϭ
*Resorption means taking the components of the ECM of the bone to 

the outside (to the blood)
ϝ�ρΎθϧ�Ωί�Ϫϧ·�ΎϤΑϭosteoclastsϝ�ΔΒδϧ�ΪϳΰΗ�Ρέ�ϲϨόϳCa�ήτΧ�ϊϓήΑ�νΎϫϭ�ϡΪϟ�ϲϓ

ϰϠϜ˶ϟ�ϰμΤΑ�ΔΑΎλϹ

�ΔϏέΎϓ�ϖρΎϨϣ�ϙ�ήϬψΘΑϭ
ϝ�ΓέϮμΑ�ϢψόϟΎΑX-ray
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ϝ�ρΎθϧ�ϲϓ�ΓΩΎϳί�Ϯϫ�ΐΒδϟ�ϥΎϛ�ΔϘΑΎδϟ�ΔϟΎΤϟ�ϲϓosteoblasts���βϜόϟ�ϥϮϫ�ΎϤϨϴΑ���ϑ
ϝresorptionϝ�Ύδϟ�ΎϤϨϴΑ�ϞϘϳ�ΡέosteoblastsϢψόϟ�ϦϳϮϜΘΑ�ΔϟΎϐη����ήϴμϳ�Ρέ�ϲϟΎΘϟΎΑϭ

ΔϛΎϤγ�ήΜϛ�Ϣψόϟ��ϝϭbone marrow cavity�ϖϴο�ήϴμΗ�Ρέ���ϥϮϜΘΑ�ϡΪϟ�Ϫϧ·�ΎϤΑϭ
ϝΎΑbone marrowϡΪϟ�ϦϳϮϜΗ�ϲϓ�κϘϨϟ�ϱΩ΄ϳ�Ρέ�νΎϬϓ��ϝ�ΐΒδϳ�ϦϜϤϣ�ϲϠϟϭanemia����

ϝ�ϦϳϮϜΗ�ΔϠϗϭwhite blood cellsήΜϛ�νήϣϷ�ΏΎμϤϟ�νήόΗϭ�ΔϋΎϨϤϟ�ϞϠϘΗ�Ρέ

ϪΒηϭ�ϡΎψόϟ�ΔϛΎϤγ�φΣϻ
ΎϬτγϭ�ϲϓ�ύήϔϟ�ϡΪόϧ

Disease Pathology Notes

Osteopetrosis
(Marble bone

disease)

Genetic disorder in 
which there¶s 
abnormality in 
osteoclasts that leads 
to decreased 
resorption.

í Bones are thicker
and appear denser
on X-rays.

í The bone marrow
cavity is narrowed
Æ anemia and
increased risk of
infection.

Ύϧϋ�ϑ˵ϋΎϓ�ϭϔόϟ�ΏΣΗ�ϡϳέϛ�ϭ˷ϔϋ�ϙϧ·�ϡϬϠϟ



These both are specific in bones
ϝ�ΎϫίήϔΗosteoblasts
ϝ�ϱΎϫϭvesicles�ϰϠϋ�ϱϮΘΤΘΑalkaline 

phosphataseϝ�ϢϛήΗ�Ϧϣ�ΪϳΰΗ�ΎϬΘϔϴυϭ�ϲϠϟPO4

a) Inorganic Components: (50% of dry weight of bone)
� Mainly Hydroxyapatite crystal [Ca10(PO4)6(OH)2].
� Various ions and compounds.

b) Organic Component:
� Fibers: Collagen.
� Ground substance: Proteoglycans and multiadhesive 

Glycoproteins.
� Ca2+ binding proteins (Osteocalcin).

� Alkaline Phosphatase in matrix vesicles (which 
increase PO4

3- concentration).
28

ϢψόϟΎΑ�ϲϠϟ�ϞϮδϟϭ�˯ΎϤϟ�Ϟϛ�ΎϨϠη�Ϯϟ�ϲϨόϳ��
�ϱΪϨϋ�ϞπΘΑ�ϲϠϟ�ΩϮϤϟ�κϧinorganic�ϥϮϜΘΑ�ϲγΎγ�ϞϜθΑϭCa�ϭPO4�ϊϣ�ΔϠϋΎϔΘϣ�ϥϮϜΘΑ�ϰϠϋ�βΑ

hydroxyl groups�ϞϜη�ϰϠϋ�ΓΩϮΟϮϣ�ϭhydroxyapatite

ϝΎΑ�ΔλΎΧ�ωϮϧ�ϥϮϜΘΑbonesϧΎΛ�ϦϛΎϣ΄Α�ΎϬϓϮθϨΑ�ϲϠϟ�Ϧϋ�ήϴϏΔϴ

Ca Aggregate and accumulate (ϢϛήΘϳϭ�ϊϤΠΘϳ) in bones because of osteocalcin



9 In the matrix the association of minerals with
collagen fibers is responsible for the hardness and
resistance of bones.

9 If Ca2+ is removed, the bone will maintain its shape
but become flexible as a tendon.

9 If collagen is removed, the bone will maintain its
shape but becomes fragile and easily broken.
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ϝ�Ϧϣ�ϦϴϋϮϨϟ�ϰϠϋ�ΓΪϤΘόϣ�ϡΎψόϟ�ΔΑϼλcomponents
ϲϓΎϛ�ζϣ�ΪΣϭ�ωϮϧ

ϝ�ΎϨϠη�ΫCaϝ�ΎϨϋ�ϞπΑcollagen
fibersϝΎΑ�ϪΒη�ήϴμΑϭtendon�ϝtendonϦϋ�ΓέΎΒϋdense regular collagenous CT�����ϞϜθΒϓ

ϪϠϜη�ϰϠϋ�φϓΎΤϣ�Ϟπϳ�Ρέ�ϡΎϋ���ήϴϐΘϳ�ϪϠϜη�ϦϜϤϣ�ςϐπϟ�νήόΗ�Ϋ�βΑ�ΎΑ�ήϴμΑ�ϲϠϟ�νΎϫϭϝrickets�

�Ϧϋ�ΓέΎΒϋ�ϥΎϛ�ϮϟϭCa�ΎϣΎϤΗ�ϪΘϧϭήϣ�ΪϘϔϳ�Ρέ�ςϘϓ�ϔϣ�ϞπΘΑ�βΑ�ΔϠϴϠϗ�ΖϧΎϛ�Ϯϟ�ϰΘΣΓΪϴ��
ήδϜϟ�ϞϬγϭ�ζ˷ϫ�ήϴμΑϭ



� Periosteum: A thick connective tissue layer that covers
the outer surface of the bone. It consists of an outer
layer of dense collagenous fibrous tissue with fibroblast,
and an inner single layer of osteoprogenitor cells.

A number of collagen fibers pass from this layer to the
bone matrix attaching them together (these are called
Perforating fibers).

� Endosteum: A thin layer that lines the inner surface of
the bone. Formed of a single layer of osteoprogenitor
cells with osteoblasts.

Peri- = around. Endo- = inside. 30

osteoprogenitor cells are the original stem cells of the bone.. 
ϝ�ϦϳϮϜΗ�Ϧϋ�ΔϟϭΆδϤϟ�ΎϳϼΨϟ�ϲϫ�ϲϨόϳosteoblastsϝ�ϦϳϮϜΘϟ�ΔΟΎΤϟ�ΪϨϋbones

ϝfibersϝ�ϕήΘΨΘΑ�ϱΎϫperiosteumϝ�ϰϟ·�ϻϮλϭbone matrixξόΒΑ�ϩ΅ΰΟ�ςΑήΘΑϭ



Fig.13: Periosteum (P) and Endosteum (E). The spaces between the bone 
tissue are filled with blood vessels and blood elements. The perforating fibers 
cannot be seen by routine LM study.  Also note the osteon (O).

P

E

O
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ϝ�ϱΎϫ�ΓέϮμϟspongy bone���ϝPϝ�ϲϫϭ�τδϟ�ϰϠϋ�ΔϜϴϤδϟ�ΔϘΒτϟ�ϞΜϤΘΑperiosteum���ϝE�ϲϫ
�ϡΎψόϟ�ϥέΪΟ�Ϧτ˷ΒΘΑ�ϲϠϟ�Δόϴϓήϟ�ΔϘΒτϟ�ήϤΣϷ�ϥϮϠϟΎΑ�ϲϠϟ�ϲϫ�ϡΎψόϟ?ϱΩέϭ��ϝ�ϪϠΧΪΑϭosteon����ϦϴΑϭ

ϝ�ΎϬϨϣ�ή˷ϤΘΑ�ϲϠϟ�ΕΎϏήϔϟ�ϑϮθϨΑ�Ϣψόϟblood vessels



Gross Morphology 
of section

Compact

Cancellous

Histological 
Features

Primary

Secondary

Shape of bone

Long

Short

Flat

Irregular

Cancellous = latticed, porous. 32



o In a section,  a part  of the bone appears as a dense area with 
generally no cavities. This is called Compact Bone.

o Another part have several 
interconnected cavities. 
This is called Spongy 
(Cancellous) Bone.

o Histologically, both the 
compact bone and the 
trabeculae of the spongy 
bone have the same 
features.

Fig.14: Compact and Cancellous bones.

According to Gross Morphology:

33



¨ Long Bones have a tubular shaft, the diaphysis, and an expanded
epiphysis at each end. The shaft has a central cavity for the bone
marrow (called marrow or medullary cavity). The shaft is mostly
composed of compact bone with a thin layer of spongy bone
surrounding the cavity. The epiphyses are composed of
cancellous bone surrounded by a thin layer of compact bone.

¨ Short bones are composed of spongy bone completely
surrounded by a thin layer of compact bone.

¨ Flat bones consists of two thin layers of compact bones (plates,
tables) separated by a layer of spongy bone called GLSORs.

According to Shape:

34

ϝdiaphysisϝϭepiphysis�ϦϴϋϮϨϟ�ϢϬϴϓcompact�ϭspongy��ϝΎΑ�ϕήϔϟ�βΑthickness

ϩΩϣΣΑϭ�ௌ�ϥΎΣΑγ��ϪϘϠΧ�ΩΩϋ��Ϫηέϋ�Δϧί˶�ϭ��ϪΗΎϣϠϛ�ΩΩϣϭ



Fig.15: Composition of various types of bone. (a) 
Long bone. (b) Diaphysis of long bones. (c) Short 
bones. (d) Flat bones of the skull.

(a)

(b)

(c)
(d)

35



1) Primary (Woven) Bone:

� Characterized by the irregular arrangement of its collagen
fibers. Osteocytes are more abundant (and few osteoblasts).
And it appears less dense on X-Rays due to less mineral
content.

� It¶s the first type of bone to appear during embryonic
development and in fracture repair.

� It¶s replaced by secondary bone, except in areas of tendon
attachment, tooth sockets, and near the sutures of the skull
bones.

According to Histological Features:

36

�ΎϬϴϓ�ϪϧϹosteoblastsϝ�ΔϴϤϛ�Ϫϧ·�ϲϨόϳ�νΎϫ�ϑ�ϞϗCa�ΔϠϴϠϗ�ϥΩΎόϤϟϭ

ϝΎΑ�Ύϣadults�έΩΎϧ�ϢϫΩϮΟϮϓ�rare��ϢδΠϟ�ϲϓ



Primary Bone

Osteocytes

Fig.16: Primary bone.
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2) Secondary (Lamellar) Bone:

� Characterized by the arrangement of the matrix into
multiple layers called Lamellae. The osteocytes are
located inside lacunae found between the lamellae.

The lamellae could be arranged as:

a) Parallel layers just inside the periosteum (The External
Circumferential Lamellae) or around the bone marrow
cavity (The Internal Circumferential Lamellae)

Lamellae (singular = lamella) = Thin plates, layers. 38



�ϦϴΑlayerϝ�ϦϴΑ�Δϳϭΰϟ�ΔϴϧΎΜϟϭfibers��ΔΟέΩ����
And this gives more strength to the bone

b) Concentric layers around a central
canal forming an Osteon
(Haversian System). This canal
contains blood vessels, nerves, and
embedded in loose areolar
connective tissue. The outer layer
of the osteon is rich in collagen
and is called the Cement Line.

� The collagen fibers in each lamella
are parallel to each other and
helically arranged. The collagen
fibers in adjacent lamellae are at
right angles to each other.

39

Fig.17: An osteon.

And most of the lamellae are arranged in this method

Called central canal



c) Irregularly shaped groups of lamellae called
Interstitial Lamellae. They are found between the
previous two and represent the remnants of osteons
that have been resorbed.

40

� The central canals are connected to the periosteum,
the bone marrow cavity and to each other by
transverse (or oblique) Perforating canals.

ϝ�ΔϴϠϤϋresorptionϝ�ϲϔΘΨΑϭ�Γ΄Πϓ�ήϴμΘΑ�ΎϣosteonΔψΤϠΑ���ΎϬϠϬϤϋ�ΞϳέΪΘϟΎΑ�ήϴμΘΑ���ΘϨΑϭ�Ξ
Ϟϟ�ΎϳΎϘΑ�ΎϬϨϋosteonϝ�ϞΜϤΘΑ�ϲϠϟ�ϲϫinterstitial lamellae



Fig.8: Secondary bone.
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Fig.18: Secondary bone.

Perforating 
canals

Central 
canal

Osteon
Central canal

canaliculi

lacuna

Osteocyte

Canaliculi

�ΎϫήΒϛ�ϭ�˯ΎϤγϻ�Ϧϣ�έΪϗ�Ύϣ�Ϊϗ�οϭ�ΖϟϭΎΣ-

external

interstitial

Performating 
fibers



Fig.19: To the right, section through an Osteon.
Note the concentric arrangement of the lamellae
(L). The central canal (H) is in the center. (O) =
osteocytes. (C) = Canaliculi. The image above
shows part of an osteon. Note the cement line. 42

ϝ�ϖϳήρ�Ϧϋ�ϢψόϠϟ�ϞλϮΘΑ�ΔϳάϐΘϟvessels�ϲϠϟ
ϝ�Ϧϣ�ήϤΘΑcentral canal����Ρέ�Ύϣ�ΔϳάϐΘϟ�βΑ

ϣΎϛ�ϢψόϠϟ�ϞλϮΗϭ�Ϣψόϟ�ΕΎϘΒρ�ήΒόΗ�έΪϘΗϞ����
ΎϘΒτϟ�ϲϗΎΒϟ�ΩϮϤϟ�ϝΎμϳ·�ϰϠϋ�ϞϤόΑ�ϲϠϟΎϓ�ϲϫ�Ε

ϝlacunaeϝϭprocessesΎϬϨϣ�ϪόϟΎρ�ϲϠϟ����
�ΔϳάϐΘϟ�ΔϴϓΎϛ�ΔϘϳήτϟ�ϱΎϫϭ��Ϣψόϟ�ϲϓ�ΕΎϘΒρ



� The process by which new bone tissue is formed.

� It¶s of two types:
1. Intramembranous: Is the formation of bone from a group

(membrane) of mesenchymal cells. It¶s the process by
which most of the flat bones are formed.

2. Endochondral: Is the formation of bone from the matrix
of a pre-existing hyaline cartilage model of the bone.
Long and short bones are mostly formed by this method.

43

ϦϴϨΠϟ�ϲϓ�ΓΩϮΟϮϤϟ�ΎϳϼΨϟ�Ϣϫ�Ϧϣ�ϲϫϭ���ΎϳϼΨϟ�Ϧϣ�ήϴΒϛ�ΩΪϋ�ϲϠϧϮ˷ϜΘΑ�ΎϬϧϹ
�osteoblasts/chondroblasts/fibroblasts�

CT cells of the embryo

�ϥϮ˷ϜΘΑ�ϲη�ϝϭ�ϲϨόϳbone�Ϧϣcartilageϝ�νΎϫ�ϦϳΪόΑcartilageϝ�ϝϮΤΘΑbone tissue

ϙΪϤΤΑϭ�ϢϬϠϟ�ϚϧΎΤΒγ��Ζϧ�ϻ·�Ϫϟ·�ϻ˷�ΪϬη��Ϛϴϟ·�ΏϮΗϭ�ϙήϔϐΘγ



1) In Ossification Centers, some mesenchymal cells
differentiate into osteoblasts.

2) These osteoblasts will form osteoid which will later
become calcified. Some osteoblasts will be surrounded by
bone matrix forming osteocytes in lacunae.

3) The areas of bone matrix will line elongated cavities that
are filled with blood-forming and mesenchymal cells.

4) The numerous sites of ossification will eventually fuse
together, and so will the cavities.

Intramembranous Ossification:

44

ϝ�ξόΑmesenchymal cellsϝ�ϝϮΤΘΘΑϭ�ΰϳΎϤΘΘΑosteoblasts

ϝosteoblasts�ϞϜθΗ�ζϠΒΘΑbone matrix���ϥϮϜΑ�ϪϨϳϮϜΗ�ΔϳΪΒΑ�βΑosteoid�unmineralized bone 
matrix���ϪϟήϴμΑ�ϦϳΪόΑϭcalcification

�ΓΪϳΪϋ�ϖρΎϨϤΑ�ήϴμΘΑ�ϱΎϫ�ΔϴϠϤόϟ�several ossification centers����ϝ�ϱΎϫ�ϦϴΑϭcenters�ϲϓ�ϥϮϜΑ
cavities�ΎϬϴϓ�ϲϗϼΑ�ϲϠϟmesenchymal cells

ϝ�ΎϘΣϻϭcavitiesϝϭ�ξόΑ�ϊϣ�ΪΤΘΘΑ�ΔϔϠΘΨϤϟossification centersΪΤΘΘΑ�ϪοήΑ���ϱΪϨϋ�ϥϮϜΘΑϭ
bone with several small cavities (spongy bone)

�ϝ�ϥϮ˷ϜΗ�ΔϘϳήρflat bones�



5) The bone thus formed is a spongy bone.

6) The cavity formed is filled with bone marrow.

7) At first, bone formed by osteoblasts is primary which
will then be converted into secondary.

8) The remaining non-calcified mesenchymal tissue will
form the periosteum and endosteum.

45

ϝ�ϞΧΩcavities���ϝmesenchymal cellsϦϳήϴμϣ�ΎϬϟ�ϥϮϜϳ�Ρέ����
�ϝϭϷ��forming blood elements forming cells�ϝ�ϥϮ˷ϜΘΑ�ϲϨόϳblood�

�ϲϧΎΜϟ��ϝ�ϞϜθΑ�ϲϗΎΒϟϭendosteum�ΎϳϼΨϟ�ϦτΒΑ�ϲϠϟ���ϞϜθΑ�ϭperiosteumήΑ�Ϧϣ�Ϣψόϟ�ϲτϐΑϭ��

ϝ�ϥϮ˷ϜΘϟ�ΔϓΎοϹΎΑϭspongy boneϝ�Ϧϣ�Δόϴϓέ�ϪϘΒρ�ϱΪϨϋ�ϥϮ˷ϜΘϳ�Ρέcompact bone�ϝϮΣ�ϪοήΑ
ϝspongy����

�ϝϭ�ϡΎϋ�ϞϜθΑϭbone�ϥϮϜΑ�ϥϮ˷ϜΘΑwovenϝ�ϝϮΤΘΑ�ϮϤϨϟ�ϊϣ�ϦϳΪόΑlamellar



Fig.20: Intramembranous ossification.
46



1) A model of the bone made from hyaline cartilage is formed.
2) A Bone Collar is formed around the diaphysis of the model.

This will prevent passage of nutrients from the perichondrium to
the chondrocytes.

3) Chondrocytes will produce alkaline phosphatase and they will
hypertrophy, enlarging their lacunae and compressing the
cartilage matrix between them.

4) The compressed matrix will be calcified and the chondrocytes
will die forming a porous structure.

5) Osteoclasts will dig tunnels through the calcified matrix. In
these tunnels, blood vessels and osteoprogenitor cells from the
perichondrium (which is now called periosteum) will reach the
matrix.

Endochondral Ossification:

47

Ϟϟ�ΓάϓΎϧ�ήϴϏ�Ϣψόϟ�Ϧϣ�ΔϘϴϗέ�ΔϘΒρ�ϱΪϨϋ�ϥϮ˷ϜΘΑnutrients

ήΒϜΑ�ΎϬϤΠΣ���ϝΎϓlacunaeϝϭ�ήΒϜΘΑmatrix�ΎϬϨϴΑ
ςϐπϨΑ

�ΎϬϟήϴμΑ�λcalcification�Ύϣ�Ύδϟ�βΑ
�ΎϬϴϤγ�έΪϘΑbonesϞϟ�ϲϧΎΜϟ�ρήθϟ�ϰϠϋ�ϱϮΘΤΘΑ�Ύϣ�Ύδϟ�ΎϬϧϹbones�ϝcells�

ϝ�ϥΎθϋnutrientsϝ�ϞϤόΘΑ��ϮΠϟ�Ϣψόϟ�ήΑ�Ϧϣ�ήΒόΗosteoclasts�ήϔΣ�ϰϠϋ
ϝ�ΎϬϟϼΧ�ήϤΘΑ�Ϣψόϟ�ϲϓ�ϕΎϔϧvessels



6. Osteoprogenitor cells will form osteoblasts that line the
cavities of the porous structure.

7. Osteoblasts will produce primary bone which will later
convert into secondary bone.

¾ Ossification in the diaphysis is called the Primary
Ossification Center. Later in life, Secondary Ossification
Centers appear in the epiphyses by a similar process

¾ In the epiphysis, the cartilage remains in two areas:
� The Articular Cartilage. This persists throughout life.

� The Epiphyseal Plate, which disappears during adulthood.

48

The mesenchymal cells will convert into osteoblasts.. And osteoblasts will start to 
form osteoid which will later become calcified to form bone matrix, the osteoblasts 

will eventually be surrounded by the matrix and will convert to osteocytes

�ϞπΑcartilage�ϩήϤϋ�ϝϮρ

ϝ�ϞΜϤΘΑ�ΎϬϠϛ�ΔϴϠϤόϟ�ϱΎϫϭprimary ossification

�ϪϟήϴμΑossificationήϤόϟ�ϊϣ



Fig.21: Endochondral ossification.
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Fig.22: Formation of bone.
50ϙΗΩΎΑϋ�ϥγΣϭ�ϙέϛΫϭ�ϙέϛη�ϰϠϋ�Ύ˷ϧϋ�ϡϬϠϟ
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part 3

�ώϳήϔΗ��ϱήϤόϟ�ΪϤΤϣ



� Increase in length of bones occur at site of epiphyseal plate
before they¶re closed. After closure of the plates during
adulthood, no further increase in bone length can occur. The
time of closure of the plate is specific for the bone. This can be
used to determine the age of the person.

� Increase in width of bone can occur throughout life by
appositional growth from the periosteum.

� Bone growth is affected by several hormones in the body, like
growth hormone.

� Repair of bone is usually very well because bones are well
vascularized.
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�Ώ�ΩϮμϘϤϟclosedϝ�Ϫϧepiphyseal plateϢψόϟ�ϝϮρ�ΓΩΎϳί�ϰϠϋ�ΓέΪϘϟ�ΪϘϓ���ϜθΑ�ήϜδΗ�ϲη�ϲϓ�Ϫϧ�ζϣ�Ϟ
ϲϓήΣ����Ϫϴϓ�ήϴμΑ�ϲϠϟ�ήϤόϟϭclosureΩΪΤϣϭ�ϑϭήόϣ�ΔϤψϋ�ϞϜϟ��ϝ�ήϜδΑ�ΔϤψϋ�ήΧϭepiphysis�ϲϫ

ϝclavicleϝ�ήϤόΑ�ΎΒϳήϘΗ���������ιΎΨηϷ�ξόΒϟ�ϲϘϴϘΤϟ�ήϤόϟ�Ϧϣ�ϖϘΤΘϟΎΑ�ωϮοϮϤϟ�νΎϫ�ϡΪΨΘδϳϭ�ϲϠϟ
ϢϫΎΘϳϮϫ�ϮϔϳΰΑ�ϮϧϮϜϳ�ϦϜϤϣ��ΎϬΗϮϣ�ΪϨϋ�ΕϭΎϴϣϮϤϟ�έΎϤϋ�Δϓήόϣϭ�ΚΜΠϟ�ΔγέΪϟ�ϭ��

�ϝperiosteum�ϥϮ˷ϜΗ�ζϠΒΘΑosteoprogenitor cells�ϭosteoblastsΓΪϳΪΟ�ΕΎϘΒρ�ϥϮ˷ϜΘΑϭ



� Tetracycline binds with great affinity with Ca2+ in recently
deposited bone matrix. Based on this interaction, a method was
developed to measure the rate of bone apposition, an important
parameter in the study of bone growth and the diagnosis of bone
growth diseases.

� Tetracycline is administered twice to a patient, with an interval of
5 days between injections. A bone biopsy is then performed and
the sections are studied by means of fluorescence microscopy. The
distance between the two fluorescent layers is proportional to the
rate of bone apposition.

Tetracycline and Bones:

ϝtetracycline�ήΒΘόϳantibioticΎϳήϴΘϜΒϟ�Ϧϣ�ωϮϧ�ήϴΜϜϟ�ΪΟ�ϑϭήόϣ����
�Δ˷όθϣ�ΓΩΎϣ�ϥΎϤϛ�ϪϨϜϟϭ�fluorescence substance��ϝΎΑ�ςΒΗήΘΑCaΪϳΪΠϟ�ϢψόϟΎΑ���ΎϧάΧ�Ύϣ�ϱί�ϭ
�Ϟμϔϟ�ΔϳΪΒΑ�ϥΎϣί�introduction ± slide 13��ήπΧ�ϥϮϠΑ�ϊ˷θϳ�Ϣψόϟ�ϲϠΨΘΑ�ϲϬϓ��όϟ�ϭέΎμϓ�˯ΎϤϠ

ϩϮ˷ϤϨΑ�νήϣ�ϭ�ϞϠΧ�ϱ�ϲϓ�Ϋ�Ϯϓήόϳϭ�Ϣψόϟ�ϮϤϧ�ϮΒϗήϳ�ϥΎθϋ�ΎϫϮϣΪΨΘδϳ

ϝ�ϩ΅ΎτϋΈΑ�ϡϮϘΑ�ξϳήϣ�ΪϨϋ�Ϣψόϟ�ϮϤϧ�ϑϮη�ϱΪΑ�ΎϤϟtetracycline�ϢϬϨϴΑ�ϦϴΘϋήΟ�ϰϠϋ�ϡΎϳ���
ΪϳΪΟ�ϥϮϜΘϤϟ�Ϣψόϟ�ϊϗϮϣ�ϞΠδΑϭ�βϴϘΑ�Γήϣ�ϝϭ�ϲϓ�ΚϴΤΑ����ΪόΑϭ��ΔϴϧΎΛ�ΔϋήΟ�Ϫϴτϋ�ϊΟήΑ�ϡΎϳ

ϩϮϤϧ�ϲϓ�ϞϠΧ�ϲϓ�ϻϭ�ΪϴΟ�ϞϜθΑ�ΎϤϧ�Ϟϫϭ�ϢψόϠϟ�ΪϳΪΠϟ�ϊϗϮϤϟ�ϦϴΑ�ϕήϔϟ�ϑϮθΑϭ
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Tetracycline must not be given to a pregnant or lactating
women or to a child whose teeth are erupting, because it may
bind to Ca2+ of the newly forming teeth of the child leading to
the permanent discoloration of the teeth.
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Fig.23: Staining of teeth as a
side effect of tetracycline use.

�ϝΎΑ�ςΒΗήΘΑϭ�Δ˷όθϣ�ΓΩΎϣ�Ϫϧ·�ΎϤΑϭnewly 
formed boneϩΪϋΎϗ�Ύδϟ�ϪϧΎϨγ�Ϟϔτϟ�ϩ΅ΎτϋΈϓ

ϳ�Ρέ�ϪϧϹ�ήϴΒϛ�΄τΧ�ϪϧΎϨγ΄Α�ϝΪΒΑ�ϭ�ϊϠτΘΑ�ϱΩ΄
ϝ�ΪΟϮΘϟtetracycline�ϥΎϨγϷ�ϲϓ���ϱΩ΄Η�Ρέ�ϭ

ϝpermanent discolorationϢϬϴϓ����ϦϜϤϣϭ
Τϟ�ΓήϤϠϟ�ϩ΅Ύτϋ·�ϢΗ�Ϋ·�ϦϴϨΠϠϟ�ϞϘΘϨΗ�ϪοήΑϞϣΎ���ϭ
ΘΘΑ�ΖϧΎϛ�Ϋ·�ϡϷ�ΐϴϠΣ�ϖϳήρ�Ϧϋ�ϊο˷ή˵Ϡϟ�ϝϭΎϨ

�ϰϠϋ�ϱϮΘΤΘΑ�ΔϳϭΩtetracycline��
ϢδΠϟ�ϞΧΩ�Ϣψόϟ�ϊϣ�ϪοήΑ�ΪΤΘΗ�Ρέ�ϲϫ�Ύδϫ��

Ϟϟ�νήόΘϳ�Ρέ�Ύϣ�Ϣψόϟ�βΑUV light�ϲϟΎΘϟΎΑϭ
ϥΎϨγϷΎϋ�ϰϟ·�ήϴΛ΄Θϟ�ήϬψϳ�Ρέ�Ύϣ

�Ϯϣ�έΎψΘϧΎΑ�ΔΜϠϟ�ϲϓ�ΔϧΰΨϣ�ϥϮϜΘΑ�ΔϤΪϟ�ϥΎϨγϷ�Ϊϋ
ΎϬΟϭήΧ����Ϟϔτϟ�˯Ύτϋ·�ϑtetracycline�ϱΩ΄ϳ�Ρέ

ΔϤΪϟ�ϥΎϨγϷΎΑ�ϪρϼΘΧϻ��Ϸ�ΎϬοήόΗϭ�ΎϫϮϤϧ�ΩήΠϤΑϭ�Δόη
�βϤθϟ�UV���ΎϬϟήϴμΑbrownish discoloration



í Epiphyseal cartilage is divided into five zones starting
from the epiphyseal side of cartilage:

1. The Resting Zone: consists of hyaline cartilage with
typical chondrocytes.

2. Proliferative Zone: chondrocytes divide rapidly and
form columns of stacked cells parallel to the long axis
of the bone.

3. The Hypertrophic Zone: contains enlarged
chondrocytes. The matrix is reduced to thin septa
between the chondrocytes.

The Epiphyseal plate

�ϝchondrocytesϢΠΤϟΎΑ�ήΒϜΘΑ���
ϝ�ϲϟΎΘϟΎΑlacunaήΒϜΘΑ���ϝΎϓmatrix�ϲϠϟ

ϞϘΗϭ�ςϐπϨΗ�Ρέ�ϢϬϨϴΑ 55

Ϟϟ�ΏήϗϷepiphysis



4. The Calcified Zone: Death of chondrocyte with
calcification of the thin septa of cartilage matrix.

5. The Ossification Zone: Blood capillaries and
osteoprogenitor cells originating from the
periosteum invade the cavities left by the
chondrocytes. The osteoprogenitor cells form
osteoblasts which will deposit bone matrix.
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Zone of deposition of Ca (ϡϮϴδϟΎϜϟ�ήϬψϳ�ζϠΒΑ�ϥϮϫ)

Ϟϟ�ΏήϗϷdiaphysis

ϝΎΑ�ήϴμΘΑ�ϲϠϟ�ΕήϴϐΘϟepiphysial plate�Ϧϣzone 1 to 5�ήϴμΘΑ�ϲϠϟ�ΔϴϠϤόϠϟ�ΔϬΑΎθϣ
ϝΎΑendochondral ossification

ϙΪϤΤΑϭ�ϢϬϠϟ�ϚϧΎΤΒγ��Ζϧ�ϻ·�Ϫϟ·�ϻ˷�ΪϬη��Ϛϴϟ·�ΏϮΗϭ�ϙήϔϐΘγ



Fig.24: The epiphyseal plate

� Before closure, each layer converts to the next at the same rate with
the formation of new cartilage in zone 1 and new bone in zone 5.
Therefore, there¶s no change in the relative size of the plate. The plate
moves away from the center of the bone thus increasing bone length.
The chondrocytes in the plate will, eventually, start to die without
forming new cartilage. The dead cartilage is replaced by bone until all
the plate becomes ossified at the time of closure. 57

�ϱΩϮϤόϟ�ήϬψϤϟ�φΣϻ
Ϟϟchondrocytes

ϝ�ϦϴΑepiphysisϝϭdiaphysis�ςΧ�ϑϮθϨΑ
�ΪΟ�ϊϴϓέ�paint line��ϝ�ϞΜϤΑepiphysial plate

�Ϧϣ�ϥϮ˷Ϝϣ�ϪϧϷ�ΖϫΎΑ�ϥϮϠΑ�ϩέϮϬυϭcartilage �Θϟ�ΪϳϼδϟΎΑ�ϱΎϫ�ΓήϘϔϟ�ΡήηϲϟΎ�
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ϝ�ϱΎϫ�ϥϮϫ�ΓέϮμϟΎΑ�ΎϨϋ�ϲϠϟfemur���ϝ�ϑήόϨΑ�Ύϣ�ϱίossification
ϝ�Ϧϣ�ζϠΒΑshaftϝ�ϰϟ·�ΩϮόλ2 heads���ϝΎϓepiphysial plate�ϥϮϜΑ

�ΔϳΪΒϟΎΑ�ΔϤψόϟ�ϒμΘϨϤΑ�ϝΎΑ5 zonesϪΘόΒΗ���ήϴμϳ�Ύϣ�Ϟϛ�ϦϳΪόΑ
ossificationϝ�ϊϠτΑ�ΔϘΒτϟplateϕϮϔϟ�ϱϮη���ϝ�ϢΠΣ�ϑepiphysial 

plateήΒϜΑ�ϻϭ�ήϐμΑ�Ύϣ�ΎϣΎϤΗ�Ϯϫ�Ύϣ�ϱί�ϞπΑ��ήϴϐΘΑ�ϲϠϟ�ϪϧΎϜϣ�ΎϤϧ·�ΚϴΤΑ
ΔϤψόϟ�ΰϛήϣ�Ϧϋ�ΪόΒϳ�ϞπΑ���Α�ΪϋΎϗ�ΎϤϨϴΑ�ήϴϐΘΑ�Ύϣ�ϪϤΠΣ�ϒϴϛ�ΐρ�ϝϮΤΘ

ϝboneϝ�ˮzonesϟ�βϔϨΑ�ΎϫΪόΑ�ϲϠϟ�ΔϠΣήϤϠϟ�ϝϮ˷ΤΗ�ΎϬϟήϴμΑ�ΎϬϠϛ�ΖϗϮ
έΪϘϤϟ�βϔϨΑϭ���ϝ�ϥϮϜΗ�ΔϳΪΑ�ϲη�ϝϭ�ϲϨόϳbone�ϱΪϨϋ�ϥϮϜΘΑcartilage

�zone 1����ϝ�ϦϳΪόΑchondrocytesϝϮΤΘΘΑϭ�ήΛΎϜΘΗ�ζϠΒΘΑ�ΓΩϮΟϮϤϟ
ϝzone 2��ϝ�Ϫϴϓ�ϝϮΤΘΘΑ�ϲϠϟ�ΖϗϮϟ�βϔϨΑϭzone 2�ϲϓ�ϥϮϜΑcartilage

Ώ�ΎϬϧΎϜϣ�νϮόϳ�ϥϮϜΗ�ΪϳΪΟzone 1���Ώ�ΎϳϼΨϟ�ϦϳΪόΑzone 2�ΎϬϟήϴμΑ
hypertrophy�ϢΨπΗ��ϝ�ϝϮΤΘΘΑϭzone 3���ϥϮϜΑ�ΎϬϟϮΤΗ�Ζϗϭ�βϔϨΑϭ

zone 1ϝ�ϝϮΤΘΑ2���ϲϓ�ϥϮϜΑϭnew cartilageϥϮϜΘΑ����ϦϳΪόΑ
ϝchondrocytes�ϝϮΤΘϳϭ�ΕϮϤΗ�ζϠΒΘΑzone 3ϝ4����βϔϧ�ΖϗϮϟ�βϔϨΑϭ

ϝ�ϲϗΎΒΑ�ήϴμΘΑ�ΔϴϠϤόϟzonesϝ�ΔϳΎϬϨϟΎΑ�ϻϮλϭ�ϞΒϗ�ϲϠϟzone 5�ϊϣ
ϝΎΑ�ΔϴϠϤόϟ�ϱΎϫ�ΙϭΪΣ�έήϤΘγzonesϪϤΠΣ�ϰϠϋ�ΎψϓΎΤϣ�ϞΒϗ�ϲϠϟ����βΑ

ϝ�ΔϠΣήϤϟ�ΔϳΎϬϨϟΎΑ�ϞλϮϧ�ΎϤϟclosure����ΚϴΤΑzone 1ϝ�ϝϮΤΘΑ��ϥϭΪΑ�βΑ
�ΩϮΟϭnew cartilageΏ�ϪϧΎϜϣ�νϮόϳzone 1���ϦϳΪόΑ��ϝϮΤΘΑ����ϭ�

ϝ�ϝϮΤΘΑ�ϝ�ϢΛ�Ϟϟ�ϦϳϮϜΗ�ϭ�ξϳϮόΗ�ΩϮΟϭ�ϥϭΩzones�ΔϴϧΎΛ�Γήϣ�ϞΒϗ�ϲϠϟ
ΔϠΣήϤϟ�ϱΎϫ�ΪϨϋ�ΔϤψόϟ�ϮϤϧ�ϒϗϮΘΑϭ�

�ΓέϮμϟΎΑ�οϮϣ�Ύϣ�ϱί
ϝ�ϢΠΣepiphysis 
plate�ΎϤϧ·ϭ�ήϴϐΘΑ�Ύϣ

ΰϛήϣ�Ϧϋ�ΪϴόΑ�ϙήΤΘΑ
ΔϤψόϟ



� The synovial membrane, may contain areolar, fibrous or
adipose tissue depending on the joint.

� The synovial membrane has phagocytic synoviocytes
that are round and located near the cavity. They engulf
debris resulting from wear and tear.

� The membrane also contains fibrocytic synoviocytes
that produce hyaluronic acid (and other components of
the extracellular matrix of the membrane). These are
located deeper in the membrane.
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�ϝ�Ϧϣ�˯ΰΟ�Ϯϫsynovial joints�

��Ϧϣ�ϥϮϜΘΘΑ�ϲϨόϳCT�

Cells of the synovial membrane

ÆPerform phagocytosis

ϝ�ΔϛήΣjoints�ΎϬϨϋ�ΞΘϨΑ�ΓήϤΘδϤϟ
Ϟϟ�ήδ͊ϜΗstructuresϝΎΑjointΓήδϜϣ�Γήϴϐλ�ϊτϗ�ήθΘϨΑϭ��κϠΨΘϟϭ�ΎϬϔϴψϨΗ�ϰϠϋ�ϞϤόΘΑ�ΎϳϼΨϟ�ϱΎϬϓΎϬϨϣ

ϝ�ϦϳϮϜΗ�Ϧϋ�ΔϟϭΆδϤϟECM
ϝϭsynovial fluid

- Has 2 types of cells :
ϝ�ϦϳϮϜΘϟ�ϯήΧϭ�ϒϴψϨΘϠϟ�ΎϳϼΧECM
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Do not despise a snake for 
having no horns; for it may 
one day become a dragon.

ψϔΣϭ�Εήϗϭ�ΖγέΩ�Ύϣ�ϚϋΩϮΘγ�ϲϧ·�ϢϬϠϟ�Ζ
ΖϤϬϓϭ���Ϫϴϟ·�ϲΘΟΎΣ�ΪϨϋ�ϲϟ�ϩ͉Ωή˵ϓ�ϢϜΗϮϋΩዊ


