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GENERALITY
 The human skeleton The human skeleton 

consists of 206 
bones. more than half of 
th    l t d j t i    them are located just in our 
hands and feet! 

 We are actually born with 
more bones (about 300), 
b f hbut many fuse together as a 
child grows up.

 These bones support your 
body and allow you to 
move. 



 Human thigh bones are stronger than concrete, the 
Femur bone as it’s called, easily capable of lifting or 
supporting 30 times its own volume and weight

 The longest bone, strongest bone  in our bodies is the

The facts 
g , g

femur (thigh bone). 

 The smallest bone is the stirrup bone inside the ear.
E h h d h   6 b  i  i   Each hand has 26 bones in it. 

 Your nose and ears are not made of bone; they are made 
of cartilage.of cartilage.

 Your bones consist of 50% water and 50% solid matter.

 By the age of 20, the average young person has 
acquired roughly 98% of his/her skeletal mass.

Ad lt h  b   t f   %  f th  b d ’  t t l  Adult human bones account for 14% of the body’s total 
weight.

 Our ribs move about 5 million times a year, every time we 
breathe!

 For every 100 milligrams of caffeine (the amount in a 
small to medium‐sized cup of coffee), you lose 6 
milligrams of calcium.



 The largest bone is 

the pelvis [6 bones]

 A. ilium
B. sacrum
C. acetabulumC. acetabulum
D. pubis
E. pubic symphysis
F  ischium F. ischium 

 The longest bone = femurThe longest bone = femur

The smallest bone is = stirrup [ears]



How many bones
 Skull and upper jaw : 21 bonespp j
 Ears : 3 tiny bones x 2
 Lower jaw
 Front neck bone = hyoid
 Backbone or spine = 26 vertebra
 Ribs = 12 x2
 Breastbone
 Each upper limb = 32 bones: 2 shoulder, 3 in arms, 8 

in wrist, 19 in hands and fingers
E h l  li b h    b    i  hi     id  i   Each lower limb has 31 bones: 1 in hip one side,4 in 
legs, 7 in ankle, 19 foot and toes.



sskeletal Vocabulary
1 Tuberosity l  d d j ti1. Tuberosity – large, rounded projection

2. Trochanter – large, irregularly shaped process

3. Tubercle – small, rounded projection

4. Epicondyle – raised area on or above a condyle4. Epicondyle raised area on or above a condyle

5. Condyle – rounded articular projection

6. Fossa – shallow, superficial depression

7. Fissure – narrow slit-like opening

8. Foramen – round opening







Bone Markings: Projections Bone Markings: Projections ––
Sites of Muscle and Ligament Sites of Muscle and Ligament 

AttachmentAttachment

 TuberosityTuberosity – rounded projection [at the end of a 
bone for the attachment of a muscle or tendon]

 CrestCrest – narrow, prominent ridge of bone

T hT h l  bl  i l   f TrochanterTrochanter – large, blunt, irregular surface

LiLi   id   f b LineLine – narrow ridge of bone



Bone Markings: ProjectionsBone Markings: Projections ––Bone Markings: Projections Bone Markings: Projections ––
Sites of Muscle and Ligament Sites of Muscle and Ligament 

AttachmentAttachmentAttachmentAttachment

 Tubercle – small rounded projection Tubercle – small rounded projection

 Epicondyle – raised area above a condylep y y

 Spine – sharp, slender projection

 Process – any bony prominence



Bone Markings: ProjectionsBone Markings: Projections ––Bone Markings: Projections Bone Markings: Projections 
Projections That Help to Form Projections That Help to Form 

JointsJointsJointsJoints

Head Head – bony expansion carried on a narrow necky p
 Facet Facet – smooth, nearly flat articular surface
CondyleCondyle – rounded articular projectionCondyleCondyle – rounded articular projection
Ramus – armlike bar of bone



Bone Markings:Bone Markings:Bone Markings: Bone Markings: 
Depressions Depressions and Openingsand Openings

MM l lik  MeatusMeatus – canal‐like passageway
 Sinus – cavity within a bone
 Fossa – shallow, basin‐like depression
Groove – furrow
 FissureFissure – narrow, slit‐like opening
 ForamenForamen – round or oval opening through a boneForamenForamen round or oval opening through a bone



Bone MarkingsBone Markings

Table 6.1



Gross Anatomy of Bones: Gross Anatomy of Bones: 
BoneBone TexturesTexturesBone Bone TexturesTextures

Compact bone Compact bone – dense outer layer
Spongy bone Spongy bone – honeycomb of trabeculae filled 
with yellow bone marrow





Functions of boneFunctions of bone

 Bones function in:
 Support of soft tissues Support of soft tissues
 Movement
 Protection
 Mineral homeostasis ‐ calcium and 
phosphate
 Blood cell production ‐ red marrowp



MechanicalMechanical

Protection — bones can serve to protect internal organs, such as 
the skull protecting the brain or the ribs protecting the heart and lungs.

Structure — bones provide a frame to keep the body supported.

Movement — bones, skeletal 
muscles, tendons, ligaments and joints function together to generate 
and transfer forces so that individual body parts or the whole body canand transfer forces so that individual body parts or the whole body can 
be manipulated in three-dimensional space. The interaction between 
bone and muscle is studied in biomechanics.

Sound transduction — bones are important in the mechanical aspect of 
overshadowed hearing.



Skeletal System

 Composed of the body’s bones and 
associated ligaments, tendons, and 
cartilagescartilages.

1. Support [see previous slide]
 The bones of the legs, pelvic girdle, and 

vertebral column support the weight of vertebral column support the weight of 
the erect body.

 The mandible (jawbone) supports the 
teeth.

 Other bones support various organs and 
tissues.

2. Protection
 The bones of the skull protect the brain The bones of the skull protect the brain.
 Ribs and sternum (breastbone) protect 

the lungs and heart.
 Vertebrae protect the spinal cord.p p





Skeletal System

3. Movement
 Skeletal muscles use the bones as levers to 

move the body.move the body.

4. Reservoir for minerals and adipose tissue
 99% of the body’s calcium is stored in bone.
 85% of the body’s phosphorous is  stored in 85% of the body s phosphorous is  stored in 

bone.
 Adipose tissue is found in the marrow of 

certain bones.

5. Synthetic =Hematopoiesis [no really but has 
the component]
 A.k.a. blood cell formation.
 All blood cells are made in the marrow of 

certain bones.



MetabolicMetabolic

 Mineral storage —bones act as reserves of minerals important for the body, 
most notably calcium and phosphorus.most notably calcium and phosphorus.

 Growth factor storage —mineralized bone matrix stores important growth 
factors such as insulin‐like growth factors, transforming growth factor, bone 
morphogenetic proteins and othersmorphogenetic proteins and others.

 Fat storage — the yellow bone marrow acts as a storage reserve of fatty 
acids.

A id b b l   b  b ff  th  bl d  i t  i H h  b   Acid‐base balance —bone buffers the blood against excessive pH changes by 
absorbing or releasing alkaline salts.

 Detoxification —bone tissues can also store heavy metals and other foreign 
l   i   h  f   h  bl d  d  d i   h i   ff     h  elements, removing them from the blood and reducing their effects on other 

tissues. These can later be gradually released for excretion

 Endocrine organ —bone controls phosphate metabolism by 
releasing fibroblast growth factor – 23 (FGF‐23), which acts on kidneys to 
reduce phosphate reabsorption. Bone cells also release a hormone 
called osteocalcin, which contributes to the regulation ofthe regulation of blood blood 

( l )  d( l )  d f t d itif t d iti  O t l i i  b th sugarsugar (glucose) and(glucose) and fat depositionfat deposition. Osteocalcin increases both 
the insulin secretion and sensitivity, in addition to boosting the number 
of insulin‐producing cells and reducing stores of fat



Bone 
Classification

 2 large groups:

Classification Axial skeletonAxial skeleton
 Forms long axis of the body.
 Includes the bones of the skull, ,
vertebral column, and rib cage.

 These bones are involved in 
protection, support, and carrying p , pp , y g
other body parts.

 AppendicularAppendicular skeletonskeleton
 Bones of upper & lower limbs and 
th   i dl  ( h ld  b   d the girdles (shoulder bones and 
hip bones) that attach them to the 
axial skeleton.
In ol ed in locomotion and  Involved in locomotion and 
manipulation of the environment.



The  skeleton has two parts: 
• The   axial skeleton
• the appendicular skeleton• the   appendicular skeleton.

The axial skeleton includes 80 bones
• the  skull, 

Th h id b• The  hyoid bone, 
• The  vertebral column (spine, sacrum, and coccyx), 
• The  sternum, and the ribs.,

• Its components are aligned along the long axis of 
the body.

The appendicular skeleton includes
• Bones  of the upper extremities (arms, forearms, and hands), 

Th t l ( h ld ) i dl• The  pectoral (shoulder) girdle, 
• The  pelvic (hip) girdle, 
• The  bones of the lower extremities (thigh, knee, leg, and foot).( g g )
• Its components are outside the body main axis.



The appendicular skeleton of 126 bones and the axial skeleton of 
80 b h f h l k l f 206 b i h80 bones together form the complete skeleton of 206 bones in the 
human body. 

Unlike the axial skeleton, the appendicular skeleton is unfused. 
This allows for a much greater range of motion.

It is important to realize that through anatomical 
variation it is common for the skeleton to have many 

t b ( t l b i th k ll i l ibextra bones (sutural bones in the skull, cervical ribs, 
lumbar ribs and even extra lumbar vertebra)



Major bones of the Axial Skeleton:Major bones of the Axial Skeleton:

The axial skeleton consists of theThe axial skeleton consists of the 
80 bones along the central axis of 
the human body. It is composed of 
i tsix parts; 

•The human skull, 

•The ossicles of the middle ear, 

•The hyoid bone of the throat, 

Th ib•The rib cage,
• sternum 

• the  vertebral column



1) Pectoral Girdles (4 bones) - Left and 
right Clavicle (2) and Scapula (2).

2) Arm and Forearm (6 bones) - Left and 
right Humerus (2) (Arm), Ulna (2) and Radius (2) 
(Fore Arm).

3) Hands (54 bones) - Left and right Carpal (16) 
(wrist), Metacarpal (10), Proximal phalanges (10), 
Middle phalanges (8) distal phalanges (10)Middle phalanges (8), distal phalanges (10).

4) Pelvis (2 bones) - Left and right os coxae (2) 
(ilium).(ilium).

5) Thigh and leg (8 bones) - Femur (2) 
(thigh), Tibia (2), Patella (2) (knee), and Fibula (2) ( g ), ( ), ( ) ( ), ( )
(leg).

6) Feet and ankles (52 bones) - Tarsals (14) 
(ankle), Metatarsals (10), Proximal phalanges 
(10), middle phalanges (8), distal phalanges (10).



Types of BoneTypes of Bone

C llC ll C tC t CancellousCancellous
 Found in marrow cavity
 No Haversian systems

 CompactCompact
 Forms the dense shell of 

bones No Haversian systems
 Surface lined by endosteum

bones
 Has Haversian systems
 Outer surface lined by 

periosteum
 Inner surface lined by 

endosteumendosteum

•Woven bone (Immature bone, Primary bone)
•Lamellar bone (Mature bone, Secondary bone)



BoneBone 

Wo en bone Lamellar boneWoven bone

1 Immature bone formed 

Lamellar bone

1 Mature bone that is 1. Immature bone formed 
rapidly as in the fetus or 
repair of an injury.

1. Mature bone that is 
physically stronger.

2. Collagen is regularly 
2. Collagen is irregularly 

arranged.
arranged



SkeletalSkeletal 
structure

 Skeletal system 
fcontains 4 types of 

tissue:
 cartilage            cartilage            
 osseous tissueosseous tissue
 bone marrowbone marrow
 periosteumperiosteum//endosteumendosteum



Bone structureBone structure

 Dense outer layer of compact 
bonebone.

 Internal spongy (cancellous) 
bbone

 Long bones have internal g
marrow cavity



Bone 
ClassificationClassification
 Types of bones:
 1 short bones 1.short bones
 2. long

Flat Bones3. Flat Bones
4. Irregular Bones
5 sesamoid

Sternum

5. sesamoid



Classification of Bones: By 
Shape

 Long bones – longer 
than they are wide 
(  h )(e.g., humerus)

Figure 6.2a



Classification of Bones: By Shape

 Short bones Short bones
 Cube‐shaped bones of the wrist and ankle
 Bones that form within tendons (e.g., Bones that form within tendons (e.g., 

patella)

Figure 6.2b



Classification of Bones: ByClassification of Bones: By 
Shape

 Flat bones  thin   Flat bones – thin, 
flattened, and a bit 
curved (e g  sternum  curved (e.g., sternum, 
and most skull bones)

Figure 6.2c



Flat boneFlat bone

The sternum
The Vomer BoneThe Vomer Bone



Classification of Bones: By 
Shape  Irregular bones – bones 

with complicated shapes with complicated shapes 
(e.g., vertebrae and hip 
bones)bones)

Figure 6.2d



 Sesamoid bones”  is 
a bone embedded within a tendon 

Sesamoid bones can be found on joints 
throughout the body, including:

In theIn the kneeknee thethe patellapatella (within••In theIn the kneeknee —— thethe patellapatella (within 
the quadriceps tendon).

••In theIn the handhand —— two two sesamoidsesamoid bones bones are 
commonly found in the distal portions of 
the first metacarpal bone (within the 
tendons of adductor pollicis and flexor 
pollicis brevis) There is also commonly apollicis brevis). There is also commonly a 
sesamoid bone in distal portions of 
the second metacarpal bone. 
••TheThe pisiformpisiform of theof the wristwrist is a sesamoid
bone (within the tendon of flexor carpi
ulnaris).

••In theIn the footfoot -- thethe first metatarsalfirst metatarsalIn theIn the footfoot thethe first metatarsal first metatarsal 
bone usually has two sesamoid bones at 
its connection to the big toe (both within 
the tendon of flexor hallucis brevis). In 

l l i l id i
Sesamoid bones at the distal end of 
the first metatarsal bone of the foot.

some people, only a single sesamoid is 
found on the first MTP.





Bone structureBone structure

 Typical long bone structure:yp g
 articulararticular cartilagecartilage

 epiphyses (ends)epiphyses (ends)p p y ( )p p y ( )
 Spongy boneSpongy bone

 diaphysisdiaphysis (shaft)(shaft)
 Compact boneCompact bone

 periosteumperiosteum

 medullarymedullary (marrow) cavity(marrow) cavity

 endosteumendosteum







Structure of Long Bone

Figure 6.3



Long Bone 
StructureStructure
 The external surface of the entire bone except 

for the joint surfaces of the epiphyses is 
covered by a double-layered membrane y y
known as the periosteum.

 Outer fibrous layer is dense irregular 
ti ticonnective tissue.

 Inner cellular layer contains 
osteoprogenitor cells and osteoblasts.osteoprogenitor cells and osteoblasts.

 Periosteum is richly supplied with nerve 
fibers, lymphatic vessels and blood 

lvessels.
 These enter the bone of the shaft via a 

nutrient foramen.

 Periosteum is connected to the bone 
matrix via strong strands of collagen.



Long Bone 
StructureStructure
 Internal bone surfaces are 

covered with a delicate 
connective tissue membrane 
known as the endosteum.
 Covers the trabeculae of 

spongy bone in the marrow 
cavities and lines the canals 
h     h h   that pass through compact 
bone.

 Contains both osteoblasts 
d  land osteoclasts.





Bone structureBone structure

 Typical structure of short, flat and yp ,
irregular bones
 outer thin plates of periosteum covered compact 
bone

 inner endosteum covered spongy bone



Structure of Short, Irregular, 
and Flat Bonesand Flat Bones
 Thin plates of periosteum‐covered compact 
bone on the outside with endosteum‐covered 
spongy bone (diploë) on the inside
Have nono diaphysis or epiphyses
Contain bone marrow between the trabeculae



Structure of Short, Irregular, 
and Flat Bonesand Flat Bones



Structure of a Flat Bone

Figure 6.4



Bone marrowBone marrow
•Within the long bones are two types of bone marrow: red : red 
marrow and yellow marrow. marrow and yellow marrow. 
•The yellow marrow has fatty connective tissue and fills the 
marrow cavity.a o ca ty
• During starvation, the body uses the fat in yellow marrow for 
energy.

The red marrow of some bones is an 
important site for blood cell production. 
Here all erythrocytes (red blood cells)Here all erythrocytes (red blood cells), 
platelets, and most leukocytes (white 
blood cells) form in adults. From the red 
marrow, erythrocytes, platelets, and 
leukocytes migrate to the blood to do 
their special tasks. Red blood cells carry 
oxygen and nutrients to the body tissues. 
Platelets help in blood clotting. WhitePlatelets help in blood clotting. White 
blood cells help fight disease and 
infection.











Bone Marrow
 Red Red bone marrow = blood cell forming bone marrow = blood cell forming Red Red bone marrow   blood cell forming bone marrow   blood cell forming 

tissue = hematopoietic tissuetissue = hematopoietic tissue
 Red bone marrow looks like blood 
but with a thicker consistency  but with a thicker consistency. 

 It consists of a delicate mesh of 
reticular tissue saturated with 
i t   d bl d  ll   d immature red blood cells and 
scattered adipocytes.

Notice the red marrow and the 
compact bone





Distribution of 
Marrow

Note the compact bone on the bottom and 
marrow on the bottom.

Marrow
 In a child, the In a child, the medullarymedullary cavity of cavity of 

nearly every bone is filled with red nearly every bone is filled with red 
b  b  bone marrow.bone marrow.

 In young to middle‐aged adults, the 
shafts of the long bones are filled with 
fatty yellow bone marrowfatty yellow bone marrow.
 Yellow marrow no longer produces 

blood, although in the event of 
severe or chronic anemia, it can ,
transform back into red marrow

 In adults, red marrow is limited to ,
 the axial skeleton, 
 pectoral girdle, 
 pelvic girdle   pelvic girdle, 
 proximal heads of the humerus

and the femur.









Location of HematopoieticLocation of Hematopoietic 
Tissue     (Red Marrow)

 In infants
 Found in the medullary cavity and all areas of spongy  Found in the medullary cavity and all areas of spongy 
bone 

 In adultsIn adults
 Found in the diploë of flat bones, and the head of the 
femur and humerus





Compact  bonep
forming the tube shaft of long bones

spongy bone forming trabeculae in the 
bone marrow.



Microscopic 
Structure of 
Spongy Bone

 Appears poorly organized 
compared to compact bone.

 Lacks osteons.
 Trabeculae align along 

positions of stress and exhibit 
t i   b iextensive cross‐bracing.

 Trabeculae are a few cell 
layers thick and contain 
irregularly arranged lamellae irregularly arranged lamellae 
and osteocytes
interconnected by canaliculi.

 No haversian or Volkmann’s 
canals are necessary. Why?



Microscopic Structure of 
Bone: Compact BoneBone:  Compact Bone

Haversian system, or osteon – the structural unit 
of compact boneof compact bone

 Lamella – weight‐bearing  column‐like matrix tubes  Lamella – weight‐bearing, column‐like matrix tubes 
composed mainly of collagen

 Haversian, or central canal – central channel 
containing blood vessels and nerves

 Volkmann’s canals Volkmann’s canals – channels lying at right angles to 
the central canal, connecting blood and nerve supply of , g pp y
the periosteum to that of the Haversian canal







1 Ha ersian Canal1.Haversian Canal 
2.Haversian System 



Haversian CanalHaversian Canal
A higher magnification shows the concentric circles. After osteoclasts remove old 
bone, osteoblasts deposit bone in this circular arrangement beginning with the outer 
ring and working inward. 
As the osteoblasts become trapped in their own calcified deposits, they are known as 
osteocytes. 







Within compact bone is a system 
of canals that contain blood 
vessels, nerves, and lymph 
vessels. 
These canals form functional 
units called osteons (Haversian 

t )systems).
The osteon is a tube-like structure 
containing a central (Haversian) 
canal through which nerves andcanal through which nerves and 
blood vessels pass.
Surrounding the central canal is 
bone matrix a substancebone matrix, a substance 
produced by osteocytes.
Within the osteon, osteocytes 
form lamellae, concentric layers of , y
hard bone matrix. 
As osteoblasts create lamellae, 
these osteoblasts become trapped 
within the compact bone and are 
called osteocytes.













1.Haversian Canal 
2.Canaliculi gap junction are found at the end of the extension

ll3.Lamellae 
4.Lacunae 



Microscopic Structure of Bone: Compact Bone

Figure 6.6a, b



Microscopic Structure ofMicroscopic Structure of 
Bone: Compact Bone

Figure 6.6a



Microscopic Structure of 
Bone: Compact BoneBone: Compact Bone

Figure 6.6b



Microscopic 
Structure 
of Bone: 
Compact p
Bone

Figure 6.6c



Why are canaliculi necessaryWhy are canaliculi necessary 
in bone tissue

 The  canaliculi  Canaliculi arising from one lacuna may  The  canaliculi. Canaliculi arising from one lacuna may 
anastomose with those of other lacunae and, eventually, with 
larger, vessel‐containing canals within the bone. 

 CanaliculiCanaliculi provide the means for the provide the means for the osteocytesosteocytes to to 
communicate with each other and to exchange substances communicate with each other and to exchange substances 
by diffusion  by diffusion  by diffusion. by diffusion. 

• The radiating processes of the osteocytesThe radiating processes of the osteocytes
project into these canals. These cytoplasmic
processes are joined together by gap junctions.gap junctions.
•Osteocytes do not entirely fill up the canaliculi. 
Th i i i kThe remaining space is known as 
the periosteocytic space, which is filled with 
periosteocytic fluid.





 No osteons
 Trabeculae surround red 

fill d marrow‐filled spaces.
 Trabeculae contain irregularly 

arranged lamellae and 

b

arranged lamellae and 
osteocytes connected by 
canaliculi

Spongy bone Nutrients reach osteocytes by 
diffusion through canaliculi from 
marrow spacesp



Developing Long 
Bone
I thi t i h t i dIn this trichrome stained 
section, calcified 
cartilage forms the 
cores of spicules with p
bone deposited on the 
outside. 
This slide is taken from 
the ossification zone ofthe ossification zone of 
a developing long bone. 



 Spider‐shaped 
osteocytes occupy 

ll ksmall cavities known as 
lacunae at the junctions 
of the lamellae. Hairlike 
canals called canaliculi
connect the lacunae to 
each other and to the 
central canal.

 Canaliculi allow the 
osteocytes to exchange osteocytes to exchange 
nutrients, wastes, and 
chemical signals to 
each other via each other via 
intercellular 
connections known as 

 j tigap junctions.





Here, we have a close up and a far away 
view of compact bone.  You should be able 
to identify haversian canals, concentric y
lamellae, interstitial lamellae, lacunae, and 
canaliculi.







Osteons
 Each osteon consists of a singleEach osteon consists of a single 

central canal, known as a haversian 
canal, surrounded by concentric layers 
of calcified  bone matrix.

 Haversian canals allow the passage 
of blood vessels, lymphatic vessels, 

d fiband nerve fibers.

 Each of the concentric matrix 
“tubes” that surrounds a haversiantubes  that surrounds a haversian 
canal is known as a lamella.

 All the collagen fibers in a particular All the collagen fibers in a particular 
lamella run in a single direction, 
while collagen fibers in adjacent 
lamellae will run in the opposite 
direction.  This allows bone to better 
withstand twisting forces.





Running perpendicular to the haversian canals are Volkmann’s 
canals.  They connect the blood and nerve supply in the periosteum 
to those in the haversian canals and the medullary cavity.y y



Osteons

 Lying in between 
intact osteons areintact osteons are 
incomplete lamellae 
called interstitial 
lamellae. 

 These fill the gaps 
between osteons orbetween osteons or 
are remnants of 
bone remodeling.

 There are also circumferential lamellae that extend around the 
circumference of the shaft.  There are inner circumferential 
lamellae surrounding the endosteum and outer circumferentiallamellae surrounding the endosteum and outer circumferential 
lamellae just inside the periosteum.



Circumferential   
LAMELLALAMELLA

PERIOSTINTERSTITI
AL 

CONCENTRIC 
LAMELAE

EUMAL 
LAMELLA

ENDOST
EUM

SHARPSHARP
EY’S 

FIBERS



Ground Bone - There is no organic matter in this slice (grinding) of compact bone. The 
Lacunae, the Canaliculi, and the Haversian Canal look black because of the bending of 
the light rays passing through the ground bone. The lamellae form concentric rings 
around the central Haversian Canal. Remember that the collagen in living bone spirals 
one way in one lamella and the other in the adjacent lamella adding strength to compact 
bone 



Interstitial Lamellae are left over pieces of old Haversian systems.



The circumferential lamellae are of two types, inner and outer 
circumferential lamellae, neither of which can be seen in this 
sectionsection.
The inner circumferential lamellae, deposited by the endosteum, 
encircle the narrow cavity, while the outer circumferential lamellae 

l id d d th t id f th b b th i tare laid down around the outside of the bone by the periosteum.



Chemical Composition ofChemical Composition of 
Bone: Organic
Osteoid – unmineralized bone matrix 
composed of proteoglycans, glycoproteins, 
and collagen

O t id k b t 50% f b l d 40% f b•Osteoid makes up about 50%  of bone volume and 40% of bone 
weight.
• It is composed of fibers and ground substance. 
•The predominant fiber-type is Type I collagen and comprises 90% 
of the osteoid. 
•The ground substance is mostly made up of chondroitinThe ground substance is mostly made up of chondroitin
sulfate and osteocalcin



Chemical Composition ofChemical Composition of 
Bone: Inorganic

Hydroxyapatites, or mineral salts
 Sixty‐five percent of bone by mass
 Mainly calcium phosphates
R ibl  f  b  h d   d i   i   Responsible for bone hardness and its resistance 
to compression



Bone Structure
 Bones are organs.  g

Thus, they’re 
composed of multiple 
tissue types  Bones are tissue types. Bones are 
composed of:
 Bone tissue (a.k.a. (

osseous tissue).
 Fibrous connective 

tissuetissue.
 Cartilage.
 Vascular tissue.
 Lymphatic tissue.
 Adipose tissue.
 Nervous tissue Nervous tissue.



Bone membranesBone membranes
 PeriosteumPeriosteum ‐ double layered 

membrane covering outer membrane covering outer 
surface of bone
 outer fibrous layer
 inner osteogenic layer contains 

osteoblasts and osteoclasts

 EndosteumEndosteum ‐ lines  EndosteumEndosteum ‐ lines 
trabeculae of spongy bone 
and internal structures
 some connective tissue
 osteoblasts and osteoclasts



Note the gross differences between the spongy bone and the 
t b i th b h tcompact bone in the above photo.

Do you see the trabeculae?



Sharpey's Fibers = 
direct extensions of dense irregular CT from periosteum into compact 
bonebone. 
Functions to anchor tendon (with fibers penetrating periosteum to bone) 
to bone. 

i b i i l b h d i i l h iFormation by appositional bone growth around original attachment site. 
A, 
PeriodontalPeriodontal 
ligament 
fibers; B, 
Sharpey's p y
fibers; C, 
Dentino-
cementum 
junction; D, 
Cementoblast
s; E, 
A ll lAcellular 
cementum 





Compare compact and spongy bone as viewed with the light microscope



Endosteum 

The thin layer of cells lining the y g
medullary cavity of a bone. 

ompact bone (CB) with 
longitudinal osteon canal (OC) and 
lateral Volkmann's canal (VC). ( )

The inner surface of this bony 
surface is covered by a layer ofsurface is covered by a layer of 
endosteum (EO) - osteoprogenitor 
cells. 



Histology of boneHistology of bone

Matrix contains
l l h h f mineral salts which confer 

hardness:
 primarily hydroxyapatite (calcium and phosphate)
 some calcium carbonate. 

 framework of collagen fibres
 confers tensile strengthconfers tensile strength



Bone Structure

 Bone Matrix:
 Consists of organic and 

inorganic componentsinorganic components.
 1/3 organic and 2/3 

inorganic by weight.
 Organic component consists g p

of several materials that are 
secreted by the osteoblasts:
 Collagen fibers and other 

organic materialsg
 These (particularly the 

collagen) provide the 
bone with resilience and 
the ability to resist 

h dstretching and twisting.



Three-dimensional array of 
collagen molecules. The rod-
shaped molecules lie in a 
t d t hi h

 Inorganic component 

staggered arrangement which 
acts as a template for bone 
mineralization. Bone mineral is 
laid down in the gaps. Inorganic component 

of bone matrix
 Consists mainly of 2 

salts:  calcium 

g p

Note collagen fibers in longitudinal & cross section 
and how they occupy space btwn the black bone cells.

phosphate and 
calcium hydroxide. 
These 2 salts interact to 
form a compound called form a compound called 
hydroxyapatite.

 Bone also contains 
smaller amounts of smaller amounts of 
magnesium, fluoride, 
and sodium.

 These minerals give bone 
its characteristic 
hardness and the ability 
to resist compression.



This bone:

a.  Has been demineralized

b Has had its organic component removedb.  Has had its organic component removed



BoneBone 

 The cellular components p
of bone consist of 
 osteogenic precursor cells, 

 osteoblasts, 
 osteoclasts  osteoclasts, 
 osteocytes, 
hematopoietic elements of  hematopoietic elements of 
bone marrow 



Histology of osseous tissue
 Widely separated cells surrounded by large amounts of matrixWidely separated cells surrounded by large amounts of matrix
 Four principal types of cells:
 osteoosteogenicgenic cells cells -- develop into develop into osteoblastsosteoblasts
 osteoblastsosteoblasts -- lay down bone matrixlay down bone matrix
 High capacity for mitosisHigh capacity for mitosis

 osteocytesosteocytes -- maintain bone matrixmaintain bone matrixosteocytesosteocytes maintain bone matrixmaintain bone matrix
 osteoclastsosteoclasts -- break down bone matrixbreak down bone matrix



Bone Structure

 Bone tissue is a type of 
connective tissue  so it connective tissue, so it 
must consist of cells plus a 
significant amount of 
extracellular matrix.extracellular matrix.

 Bone cells:
1. Osteoblasts

 Bone building cells Bone‐building cells.
 Synthesize and secrete 

collagen fibers and other 
organic components of 
b   t i  bone matrix. 

 Initiate the process of 
calcification.

 Found in both the Found in both the 
periosteum and the 
endosteum

The blue arrows indicate the 
osteoblasts.  The yellow arrows indicate 
the bone matrix they’ve just secreted.



Bone Structure

2. Osteocytes
 Mature bone cells Mature bone cells.
 Osteoblasts that have 

become trapped by 
h   i   f 

Yellow arrows indicate 
osteocytes – notice 
how they are 

the secretion of 
matrix.

 No longer secrete 

surrounded by the 
pinkish bone matrix.

Blue arrow shows an g
matrix.

 Responsible for 
maintaining the bone 

osteoblast in the 
process of becoming an 
osteocyte.

maintaining the bone 
tissue.

On the right, notice how the osteocyte 
is “trapped” within the pink matrix



3 Osteoclasts3. Osteoclasts
 Huge cells derived from the fusion of as many as 50 monocytes (a type of 

white blood cell).
 Cells that digest bone matrix  this process is called bone resorption and is  Cells that digest bone matrix – this process is called bone resorption and is 

part of normal bone growth, development, maintenance, and repair.
 Concentrated in the endosteum.
 On the side of the cell that faces the bone surface  the PM is deeply folded On the side of the cell that faces the bone surface, the PM is deeply folded 

into a ruffled border.  Here, the osteoclast secretes digestive enzymes 
(how might this occur?) to digest the bone matrix. It also pumps out 
hydrogen ions (how might this occur?) to create an acid environment that 

      h   i   Wh   d   i h     ffl d b d   f ?eats away at the matrix.  What advantage might a ruffled border confer?
 Why do we want a cell that eats away at bone?  (Hint: bone is a very 

dynamic tissue.)

























Osteoclast & Howship's LacunaOsteoclast & Howship s Lacuna





Interstitial lamellae of cortical bone found in the shafts of long bones are served by systems of 
canaliculi shaped like a broom.
The handle of the broom is crowded by canaliculi which open into a transverse communication 
b t th l it di l l l f tbetween the longitudinal vascular canals of osteons. 
The existence of these systems of canaliculi has not been previously recorded.
Their presence argues against the widely held view that interstitial lamellae are merely the 
remains of osteons which have been partially resorbed during remodelling of bone. p y g g
A fresh look at the development of interstitial lamellae needs be taken. 



Cancellous or Membrane Bone –

Osteoblasts are arranged along the surface of a bone spicule. Some have become 
t d i t i d O t ttrapped in matrix and are now Osteocytes. 

One multinucleate acidophillic Osteoclast can be seen.



•Here, we see a cartoon showing all 3 cell types. Osteoblasts and osteoclasts are indicated. 

•Note the size of the osteoclast (compare it to the osteoblast), and note the ruffled border.  

Wh i th d i d th th t l t?•Why is there a depression underneath the osteoclast?  

•What is the name of the third cell type shown here?  

•What do you think the tan material represents?y p



E - endosteum;
A - fat cell;
S - spongy bone



Epiphysial Growth PlateEpiphysial Growth Plate
The epiphysial growth plate, 
where cartilage is removed 
and bone is formed, is 

k d b f t (l ftmarked by four stages (left 
to right): 

••resting zone,resting zone,resting zone, resting zone, 
••proliferative zone, proliferative zone, 
••hypertrophy zone, hypertrophy zone, 
ossification zoneossification zone••ossification zone.ossification zone.






