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Bone Functions

Support
Protection
Assistance in Movement
Mineral Homeostasis
Blood cell production
Hemopoiesis in red bone marrow

Triglyceride storage
Energy storage in yellow bone marrow



Long Bone Anatomy 
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Diaphysis = shaft
Epiphysis = one end of a long bone
Metaphysis = growth plate region
Articular cartilage =over joint 
surfaces acts as friction & shock 
absorber
Medullary cavity = marrow cavity
Endosteum = lining of marrow cavity
Periosteum = tough membrane 
covering bone but not the cartilage 
--fibrous layer = dense irregular CT
--osteogenic layer = bone cells & 

blood vessels that nourish or help 
with repairs



Histology of Bone Tissue
Extracellular matrix surrounding widely separated 
cells (ECM: 25% water+25% collagen fibers+50% 
crystallized mineral salts)
The most abundant mineral salt is calcium 
phosphate
A process called calcification (mineralization) is 
initiated by bone-building cells called osteoblasts
Mineral salts are deposited and crystalize in the 
framework formed by the collagen fibers of the 
extracellular matrix
Bone’s flexibility depends on collagen fibers
Bone’s hardness depends on mineral salts 3
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Histology of Bone Tissue
Four types of cells in bone tissue

Osteogenic cells
--Undergo cell division; the resulting cells develop into 

osteoblasts
Osteoblasts
--Bone-building cells
--Synthesize extracellular matrix of bone tissue

Osteocytes
--Mature bone cells
--Exchange nutrients and wastes with the blood

Osteoclasts
--Release enzymes that digest the mineral components of 

bone matrix (bone resorption)
--Regulate blood calcium level
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Types of Cells in Bone Tissue

Osteogenic cells ---- undifferentiated cells 
--can divide to replace themselves & can become osteoblasts
--found in inner layer of periosteum and endosteum

Osteoblasts --- form matrix & collagen fibers but can’t divide
Osteocytes --- mature cells that no longer secrete matrix
Osteoclasts --- huge cells from fused monocytes (WBC)
--function in bone resorption at surfaces such as endosteum



Compact & Spongy Bone
Compact Bone
--Resists the stresses produced 

by weight and movement
--Components of compact bone 

are arranged into repeating 
structural units called osteons
or Haversian systems

--Osteons consist of a central 
(Haversian) canal with 
concentrically arranged 
lamellae, lacunae, osteocytes, 
and canaliculi 6
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Canaliculi connect lacunae, forming a system of interconnected canals 
--Providing routes for nutrients and oxygen to reach the osteocytes

Haversian System



Compact Bone
Osteon
--Central canals run 

longitudinally through bone
--Around the central canals are 

concentric lamellae (rings of 
calcified matrix)

--Between the lamellae are 
small spaces called lacunae
which contain osteocytes

--Radiating in all directions 
from the lacunae are tiny 
canaliculi filled with 
extracellular fluid 8



Spongy Bone
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Latticework of thin plates of bone called trabeculae
oriented along lines of stress (helps bones resist stresses)
Spaces in between these struts are filled with red marrow 
where blood cells develop
Found in ends of long bones and inside flat bones such as 
the hipbones, sternum, sides of skull, and ribs.

No true Osteons



Spongy Bone
--Lamellae are arranged in a lattice of thin columns 

called trabeculae
Spaces between the trabeculae make bones lighter
Trabeculae of spongy bone support and protect the red 
bone marrow
Hemopoiesis occurs in spongy bone

--Within each trabecula are lacunae that contain 
osteocytes

--Osteocytes are nourished from the blood circulating 
through the trabeculae

--Interior bone tissue is made up primarily of spongy 
bone
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Blood and Nerve Supply of Bone
Bone is richly supplied 
with blood
--Periosteal arteries 

accompanied by nerves 
supply the periosteum 
and compact bone

--Epiphyseal veins carry 
blood away from long 
bones

Nerves accompany the 
blood vessels that 
supply bones
--The periosteum is rich in 

sensory nerves sensitive 
to tearing or tension
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Bone Formation
The process by which bone forms is called 
ossification
Bone formation occurs in four situations:
1) Formation of bone in an embryo

--Cartilage formation and ossification occurs during 
the sixth week of embryonic development

2) Growth of bones until adulthood
3) Remodeling of bone

--Old bone is continually destroyed and new bone is
formed in its place throughout an individual’s life

4) Repair of fractures
12



Bone Growth until 
Adulthood

Growth in Length
The growth in length of long bones involves two 
major events:
1) Growth of cartilage on the epiphyseal plate
2) Replacement of cartilage by bone tissue in the 

epiphyseal plate
Between ages 18-25, epiphyseal plates close
--cartilage cells stop dividing and bone replaces 

the cartilage (epiphyseal line)
Growth in Thickness

--Bones grow in thickness at the outer surface
13
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Only by appositional growth at the bone’s surface
Periosteal cells differentiate into osteoblasts and form bony
ridges and then a tunnel around periosteal blood vessel
Concentric lamellae fill in the tunnel to form an osteon

Growth in Thickness



Factors Affecting Bone Growth 
and Bone Remodeling

Normal bone metabolism depends on several factors
Minerals
-- Large amounts of calcium and phosphorus and smaller 

amounts of magnesium, fluoride, and manganese are 
required for bone growth and remodeling

Vitamins
-- Vitamin A stimulates activity of osteoblasts
-- Vitamin C is needed for synthesis of collagen
-- Vitamin D helps build bone by increasing the 

absorption of calcium from foods in the gastrointestinal 
tract into the blood

-- Vitamins K and B12 are also needed for synthesis of 
bone proteins
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Hormones
-- During childhood, the hormones most important to bone 

growth are growth factors (IGFs), produced by the liver
IGFs stimulate osteoblasts, promote cell division at the 
epiphyseal plate, and enhance protein synthesis

-- Thyroid hormones also promote bone growth by 
stimulating osteoblasts

-- Insulin promotes bone growth by increasing the synthesis 
of bone proteins

-- Estrogen and testosterone cause a dramatic effect on 
bone growth

Cause of the sudden “growth spurt” that occurs during 
the teenage year
Promote changes in females, such as widening of the 
pelvis
Shut down growth at epiphyseal plates

-- Parathyroid hormone, calcitriol, and calcitonin are 
other hormones that can affect bone remodeling

16
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Factors Affecting Bone Growth 
and Bone Remodeling
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Calcium Homeostasis
Bone is a reservoir of Calcium & Phosphate
Levels of calcium in the blood are maintained by 
controlling the rates of calcium resorption from 
bone into blood and of calcium deposition from 
blood into bone
Calcium ions involved with many body functions 
(nerve & muscle cell function, blood clotting, 
enzyme function etc.)
Small changes in blood levels of Ca+2 can be 
deadly (plasma level maintained 9-11mg/100mL)
--cardiac arrest if too high
--respiratory arrest if too low 19
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Parathyroid hormone (PTH) is 
secreted if Ca+2 levels falls
--PTH gene is turned on & more PTH 

is secreted from gland
--osteoclast activity increased, kidney 

retains Ca+2 and produces calcitriol
Calcitonin hormone is secreted from 
parafollicular cells in thyroid if Ca+2 

blood levels get too high
--inhibits osteoclast activity
--increases bone formation by 

osteoblasts

Calcium Homeostasis
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Rickets (vitamin D deficiency) in children
--calcium salts are not deposited properly
--bones of growing children are soft
--bowed legs, skull, rib cage, and pelvic deformities result
Osteomalacia (soft bones) in adults
--new adult bone produced during remodeling fails to ossify
--hip fractures are common  

Clinical Application: 
Rickets & Osteomalacia



Anatomical Features of Bones
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Types of Bones
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5 basic types of bones:
--Long = compact
--Short = spongy except surface
--Flat = plates of compact 

enclosing spongy
--Irregular = variable
--Sesamoid = develop in 
tendons or ligaments (patella)

Sutural bones = in joint 
between skull bones
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Axial Skeleton (80)
A. Skull (28)

-- Cranium (8)
-- Facial bone (14)
-- Ear bone (6)

B. Spine (26)
-- Vertebrae (26)

C. Thoracic Cage (25)
-- Ribs (24)
-- Sternum (1)

D. Hyoid Bone (1)
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Appendicular Skeleton (126)

A. Upper Limb (64)
-- Pectoral girdle
-- Upper arm

B. Lower Limb (62)
-- Pelvic girdle
-- Lower leg
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Pectoral (Shoulder) Girdle
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Pelvic (Hip) Girdle

Ilium

Pubis
Ischium
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Skull: Cranium (8)

Frontal bone (1)
Parietal bones (2)

Temporal bones (2)

Occipital bone (1)
Ethmoid bone (1)

Sphenoid bone (1)
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Skull: Facial bone (14)

Nasal bones (2)

Zygomatic bones (2)

Maxillae (2)

Mandible (1)

Lacrimal bones (2)
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Nasal bones (2)Lacrimal bones
(2)

Zygomatic bones
(2)

Maxillae (2)Inferior nasal conchae
(2)

Mandible (1)
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Skull

Foramen magnum

Palatine bones (2)

Vomer (1)
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Skull

1

2
2

1

1

1

(frontal 
sinus)

(mastoid process) external auditory canal
(styloid process) (mastoid cells)

(foramen magnum)
(sella turcica)

(pterygoid process)

(vomer) (perpendicular plate)
(ethmoid sinuses)

(superior and middle concha)

2
2

2
1

2
2
2
1

(maxillary sinus)

(condyloid process)
(mental foramen)

2
2
2

( )
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Lamboid suture unites parietal and occipital
Sagittal suture unites 2 parietal bones
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Coronal suture unites frontal and both parietal bones
Squamous suture unites parietal and temporal bones



Fontanels ( )
Fontanels are dense connective tissue membrane-
filled spaces between the cranial bones of fetuses 
and infants. They remain unossified at birth but 
close early in a child’s life
--The major fontanels (6) are the anterior, 

posterior, anterolaterals, and posterolaterals
Fontanels have two major functions.
--They enable the fetal skull to modify its size 

and shape as it passes through the birth canal
--They permit rapid growth of the brain during 

infancy
42
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Fontanels ( )
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Paranasal Sinuses
Cavities within cranial and facial bones near the nasal 
cavity
Secretions produced by the mucous membranes which 
line the sinuses, drain into the nasal cavity
Serve as resonating chambers that intensify and prolong 
sounds
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U-shaped single bone
Articulates with no
other bone of the 
body
Suspended by 
ligament and muscle 
from skull
Supports the tongue
& provides 
attachment for 
tongue, neck and 
pharyngeal muscles

Hyoid Bone
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Spine (26)

(Cervical vertebrae) 7 

C 7
(C1)
(C2)

(C1)

(Thoracic vertebrae) 12 T
T4

(Lumbar vertebrae) 5 L L3

(Sacral vertebrae) 1 S

(Coccygeal vertebrae) 1 ~
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Thoracic Cage (25)

14 R1~R7

10 

R8~R12)
R8~R10

R11~R12

1
: 1. ( )
2. (CPR )
3. ( ) 
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Thoracic Cage (25)
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Upper Limb (64)

2

2

2

2

2

16 8

10 5

28 14 2 3
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Upper Limb 
(64)
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Lower Limb (62)

2
1.  2.  

3.  

2

2 ( )
( )

2
2

14

10

28
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Lower Limb 
(62)
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Sex Differences of Pelvises
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90 90



Joint= articulation = arthrosis
Joints hold bones together but permit movement
Point of contact--Between 2 bones; Between cartilage and bone; 
Between teeth and bones
Arthrology = study of joints
Kinesiology = study of motion

More mobile = Less stable
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Classification of Joints
Structural classification is based on the 
presence or absence of a synovial (joint) 
cavity and type of connecting tissue
--Structurally, joints are classified as 

fibrous, cartilaginous, or synovial

Functional classification based upon 
movement: 
--Immovable = synarthrosis
--Slightly movable  =  amphiarthrosis
--Freely movable  =  diarthrosis



Fibrous Joints
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Cartilaginous Joint Synovial Joint



=
(articular capsule)

A. Synovial mem ( )

(
)
--Lubricating the joint
--Absorbing shocks
--Supplying oxygen and 

nutrients to the cartilage
--Removing carbon dioxide 

and metabolic wastes from 
the cartilage

B. Fibrous capsule

(

)

Thickenings in fibrous
capsule called ligaments



Bursae and Tendon Sheaths
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(Gliding )
(Flexion )

(Extension )

--

-- (Hyperextension)
( 180 )
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(Abduction)
(Adduction)

(Circumduction)

(Rotation)
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(Inversion)

(Eversion)

(Dorsiflexion)

(Plantar flexion)
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(Supination) ( forearm)

(Pronation)
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