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1. ANATOMY

1. INTRODUCTION

Anatomy is a science that deals with the structures of the body and
the relationship of various parts to each other. A knowledge of these
structures is necessary to understand their functions.

The subject matter of Anatomy includes:

1. Cytology - study of cells

2. Histology - study of tissues

3. Osteology - study of bones

4, Myology - study of muscles

5. Arthrology - study of joints

6. Splanchnology - study of organs

7. Neurology - study of the nervous
system

Descriptive terms used in Anatomy :
The arrangement of various parts of the body may be:

) Symmetric e.g. limbs, eyes, ears and lungs. Their
arrangement on the right side and left side are similar.

i) Asymmetric e.g. spleen and liver. The spleen lies entirely in
the left side. Liver lies mostly on the right side.

The study of human body is done in anatomical position. In
this position, the body is erect, the head facing forwards, arms by
the sides and palms of hand facing forward.

1. Median line (mid saggittal plane): The central plane which
divides the ‘body into two halvesi.e. right and left.

2. Medial : Nearer to the median line

3. Latera : Away from the median line

4. Superior : Nearer to the head

5. Inferior ; Nearer to the foot

6. Anterior : Nearer to the front surface of the body
7. Posterior : Nearer to the back surface of the body
8. Proximal : Nearer to the origin of the structure
9. Distal ; Away from the origin of the structure
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10.Superficial Nearer to the skin surface
11.Deep : Deeper from the skin surface
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Fig 1. Descriptive terms used It Anatomy

Physiology is the science of life which deals with
normal functions of the body. It explains how various systems in
the body function together normally as a single unit.

The subject matter of Physiology includes the study of various
systems like:

Central nervous system

Cardiovascular system

. Digestive system

. Excretory system

. Respiratory system

. Reproductive system etc.
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B. SYSTEMS OF THE BODY

ORGANS OF THE BODY

An organ is a group of tissues arranged in a certain
way to carry out a specific function e.g. stomach, heart, kidneys.
The human body is a highly developed multicellular organism
containing various organs which perform different functions. The
organs are again grouped together to form systems.
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SYSTEMS OF THE BODY
A system is a group of organs which together carry out one
of the essential functions of the body. The following are some
important systems.

1. Skeletal system:

It is formed by bones. It provides a frame work for the body.
Also, it protects the soft tissues and allows movements at joints.
2. Muscular system:

It is made of numerous muscles. It effects movements of the
body as a whole.

3. Circulatory system:

It includes heart, blood vessels and blood. This system carries
oxygen and nutrients to various tissues of the body.
4. Respiratory system:

It consists of air passages and the lungs. It allows exchange
of gases between the body and the environment.
5. Digestive system:

It consists if alimentary canal. It is concerned with digestion
and absorption of food and elimination of waste materials.
6. Endocrine system:

It consists of ductless glands. It is concerned with the
production of hormones which regulate a variety of function of the
body.

7. Urinary system:

It is formed by kidneys, ureter, urinary bladder and urethra.
It is concerned with the elimination of waste products of the body.
8. Nervous system :

It consists of brain, spinal cord and nerves. This system creates
awareness of the environment such that the body can respond by
adapting.

9. Reproductive system:

It consists of genital organs which are different in males and
females. This system is responsible for the survival of the species
by reproduction.

C. CELL

The cell isthe smallest unit of living tissues. Cells of
different tissues perform different functions. A cell is made up of
the following structures:
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1. Cell wall :

It is the external boundary of the living cell. It is a three layered
structure made up of lipids and proteins. It measures approximately
70 A° in thickness. The cell wall allows the diffusion of substances
into and out of the cell.

2. Nucleus:
It is the largest structure present almost in the centre of acell. It is
more or less spherical in shape. It is bounded by nuclear membrane.
The nucleus contains:

a) nucleolus b) chromatin

a) Nucleolus:

It is a highly coiled filamentous structure present in the
nucleus. It is not surrounded by a membrane. But it contains
numerous granules. Nucleolus is the site of ribosomal RNA
(ribonucleic acid) synthesis.

b) Chromatin:

These are fibrous threads present in the nucleus. They are
composed of DNA (deoxy ribonucleic acid) and proteins. The
chromatin threads carry genetic information. At the time of cell
division, chromatin condenses into chromosomes. The number of
chromosomes is constant for a particular species of organism. In
man, there are 23 pairs of 46 chromosomes.

3. Cytoplasm:

It isthe region lying between the cell membrane and nucleus.
The cytoplasm contains cell organelles like endoplasmic reticulum,
golgi apparatus, mitochondria, lysosomes and centrosome.

Microsomes :

They are extremely small bodies present in the cytoplasm.
They can be separated by centrifuging a tissue homogenate at very
high speed (10000 rpm). Microsomes contain 1) Ribosomes 2)
Granular matrix. Ribosomes are concerned with protein synthesis.
Granular matrix contains:

i) "Oxidases" which generate hydroygen peroxide.

i) "Catalase" which converts hydrogen peroxide into water.
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Organelles of cytoplasm : Following are the important organalles
present in the cytoplasm:

1) Endoplasmic reticulum :

It is the most extensive cell organelle present in cytoplasm.
It consists of two membranes which are separated by a space.
Endoplasmic reticulum is of two types. They are
a) Granular or rough surfaced endoplasmic reticulum containing
ribosomes. The ribosomes are the sites of protein synthesis.
b) Agranular or smooth surfaced endoplasmic reticulum.
This does not contain ribosomes. Thistype of endoplasmic reticulum
Is concerned with fatty acid and steroid synthesis. Also, they store
and release calcium.

i) Golgi apparatus:

It isacup shaped structure and contains vesicles. It is situated
between the nucleus and the apex of the cell. It is concerned with
concentration of proteins prior to their secretion.

1ii) Mitochondria :

They occur in the cytoplasm at variable numbers e.g. few
hundreds to few thousands. The mitochondrion is composed of two
layers of membranes. They are:

1. an outer layer which is smooth.
2. an inner layer folded into sheets of tubules called cristae.
Both these layers enclose a central cavity called matrix.
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The mitochondria are made up of proteins, phospholipids and
some ribonucleic acid. They also contain some important enzyme
systems. The mitochondria are chiefly concerned with cellular
oxidation.

iv) Lysosomes:

They are small spherical or oval bodies surrounded by a
single membrane. They vary in number and contain a variety of
hydrolytic enzymes. The lysosomes breakdown bacteria and cell
debris engulfed by the cell. The damaged intracellular organelles
are also broken down and digested by |lysosomes.

v) Centrosome :

It isasmall rod shaped body found near the nucleus. It plays
an important role during cell division. The centrosomeis surrounded
by a radiating thread like structure. It contains two centrioles.

vi) Microtubules:

They are straight, hollow cylinders with a diameter of about
200 A°. They are concerned with the maintenance of cell shape.
They are also associated with movements of cilia, flagella and
mitotic spindles.

Functions of a cell: The following are the important
functions performed by a cell.

1. Ingestion and assimilation :

The cell ingests chemical sub stances like amino-acids from
intercellular or interstial fluid. These substances are used to build
up complicated sub stances like proteins.

2. Growth and repair :

Theingested and assimilated materials are used to synthesise
new protoplasm. This leads to increase in size and growth of the
cell. Also worn out parts of the cell are replaced by this process.

3. Metabolism: This involves two processes:
i) Anabolism in which the ingested and assimilated food
material is used for growth and repair.
ii) Catabolism in which food material is broken down to



ANATOMY 7
release energy for various functions of the cell.

4. Respiration :

It involves transport of oxygen from lungs through blood to the
tissues and removal of waste products like carbon dioxide. Thisis
essential for the survival and functions of a cell.

5. Excretion:

The cell eliminates waste products resulting from catabolism
into the interstitial fluid. These products are carried by blood for
elimination though lungs and kidneys.

6. Irritability and contractility:

The cell is active by means of these two functions. The cell
responds to any stimulus (like physical, chemical, thermal, electrical
and mechanical) by contracting. Or the impulse is conducted as that
occurs in a nerve cell.

7. Reproduction:
After growing to an optimum size, the cell divides into
daughter cells. Reproduction of cells occurs by mistosis or meiosis.

MITOSIS:

This occurs in four stages namely 'prophase’, 'meta phase,’
‘anaphase’ and 'telophase'.
1. Prophase:

Initially, the centrosome divides into two. Ihese two new
centrosomes move away from each other to the two ends of the
nucleus forming two poles.

2. Metaphase:

Now, the nuclear membrane disappears. The chromosomes
arrange themselves around the centre of the cell. They get attached
to thread like structures of the centrosomes which are now at the
two poles of the cell.
3.Irregular bones:

They do not fall in any category e.g. vertebrae and bones of
the face.
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Fig 3 Serpes in oell division by mitosis

5.Sesasmoid bones:
These are small bones which develop in the tendons of
muscles e.g. patella of knee Joint.

3. Anaphase:

The chromosomes now divide longitudinally into two equal
parts . The two groups of chromosomes move away to the poles and
get arranged around the centrosomes.

4. Telophase:

The cell becomes narrower at the centre to facilitate division.
The thread like structures disappear. The nuclear membrane appears
again. At the end of telophase, the cell divides. Also, the
chromosomes disappear into the nucleus. The daughter cells grow
and in turn reproduce by mitosis. During mitosis, each chromosome
duplicates. So, the daughter cell contains forty six chromosomes.
MEIOSIS:

It isaprocess of reproduction which occursin higher animals
including man. It involves the fusion of:
1)'Spermatozoon’ from the male (which contains 23 chromosomes
and ii) 'Ovum' from the female (which also contains 23
Chromosomes. The spermatozoon and ovum are also called as
‘gametes’. The fusion of these two (male and female) gametes results
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in the formation of a zygote which has the normal number of 46
chromosomes (23 pairs). This leads to mixing of the hereditary
determinants or genes from the male and female.

Determination of sex: One pair of chromosomes from the
father and one pair from the mother are sex chromosomes. These
sex chromosomes determine the sex of the child. In the female, the
sex chromosomes are the same and are called XX. In the male, they
are different and are called XY. One chromosome from each pair
determines the sex of the child.

If the child has X chromosomes from the mother and X
chromosome from the father, it is a female (XX). If the child has X
chromosome from the mother and Y chromosome from the father it
isamale (XY,).
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2.0STEOLOGY

TERMS USED FOR DESCRIBING THE POSITION OF THE
BODY

a.Anatomical Position

In this position, the body is erect, the eyes look straight to
the front, the upper limbs hang by the side of the trunk with thepalms
directed forwards, and the lower limb are parallel with the toes
pointing forwards.

All structures are described presuming the body in
anatomical position, although during study the body may be placed
in any position.

b.Supine Position :
Lying down (Recumbent) position with the face directed
upwards

c.Prone position :
Lying down (Recumbent ) position with the face directed
downwards.

d.Lithotomy position
Lying supine with the buttocks at the edge of the table, the
hips and knees fully flexed, and the feet strapped in position.

Terms of Relation Commonly used in Gross Anatomy

Medial - Towards the median plane
Lateral

a. Anterior - Towards the front
b. Posterior - Towards the back
C. Superior - Towards the head
d. Inferior - Towards the feet
e.

f.

Away from the median plane

Terms of Relation Commonly used in Embryology and

Comparative Anatomy, but sometimes in Gross Anatomy
a.Ventral - Towards the belly (like anterior)
b.Dorsal - Towards the back (like posterior)
c.Cranial or Rostral - Towards the head (like superior)
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d.Caudal - Towards the tail

Special Terms for Limbs

a.Proximal - Nearer to the trunk

b.Distal - Away from the trunk

c.Radial - The outer border in the upper limb

d.Ulnar - The inner border in the upper limb

e.Tibial - The inner border in the lower
limb

f.Fibular - The outer border in the lower
limb

g.Preaxial border - The outer border in the upper
limb, and the inner border in the
lower limb.

h.Postaxial border - The inner border in the upper

limb, and the outer border in
thelower limb.

i.Flexor surface - The anterior surface in the upper
l[imb,
and the posterior surface in the
lower
limb.

].Extesor surface - The posterior surace in the upper
limb, and the anterior surfacein
the lower limb.

h.Palmar or Volar - Pertaining to (towards) the palm
of the hand.
|.Plantar - Pertaining to (towards) the sole

of the footO

Certain Other Terms
A.Terms used for hollow organs
a.Interior or inner
b.Exterior or outer
c.Invagination or inward protrusion, and
d.Evagination or outward protrusion
B.Terms used for solid organs
a.Superficial, towards the surface, and
b.Deep, inner to the surface
C.Terms used to indicate the side
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alpsilateral -of the same side, and
b.Contralateral -  of the opposite side

Terms used for Describing Muscles
a.OriginThe end of amuscle which isrelatively fixed during
its contraction.
b.Insertion The end of a muscle which moves during its
contraction.
The two terms, origin and insertion, are sometimes
interchangeable, when the origin moves and the insertion is fixed.
c.Belly The fleshy and contractile part of a muscle
d.Tendon The fibrous, noncontractile and cord-like part of a
muscle.
e.Aponeurosis The flattened tendon.
f.Raphe The fibrous band made up of Interdigitating fibres
of the tendons or aponeuroses. Unlike a ligament, it is stretchable.
Ligaments are fibrous, inelastic bands which connect two segments
of ajoint.

TERMS USED FOR DESCRIBING MOVEMENTS
a. Flexion
Approximation of the flexor surfaces whereby the angle
of the joint is reduced.
b. Extension
Approximation of the extensor surfaces whereby the angle
of the joint is increased. It is opposite to flexon
c. Adduction
Movement towards the central axis
d. Abduction
Movement away from the central axis. It is opposite to
adduction
e. Media rotation
Inward rotation
f. Lateral rotation
Outword rotation
g. Circumduction
Various combinations of the forgoing movemnets (a to d)
h. Pronation
Rotation of the forearm so tha the palm is turned
backwards
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I.  Supination
Rotation of the forearm so that the palm is turned forwards
J. Protraction
Forwards protrusion
k. Retraction
Movement reverse of protraction

Terms used for Describing Vessles

a."Arteries" carry oxygenated blood away from the heart,
with the exception of the pulmonary and umbilical arteries which
carry deoxygenated blood. Arteries resemble trees beause they have
branches ( arterioles)

b."Veins" carry deoxygenated blood towards the heart, with
the exception of the pulmonary and umbilical veins which carry
oxygenated blood veins resemble rivers because they have
tributaries ( venules)

c."Capillaries" are networks of microscopic vessles
connecting arterioles to venules

d."Anastomosis" is a precapillary or postcapillary
communciation between the neighbouring vessles.

SKELETAL SYSTEM

SKELETAL SYSTEM :
Bones and joints form the skeletal system of the body.
Functions of the skeletal system are:
1. Support and protection of soft tissues and vital organs.
2. To give attachment to muscles.
3. Formation of red blood corpuscles in the bone marrow.
4. Storage of mineral salts like phosphorus and calcium.

CLASSIFICATION OF BONES: Bones of the skeleton are
classified as:

1.Long bones:
They are found in the limbs. A long bone contains a shaft
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and two extremities. The long bones act alevers and help in various
movements of the body.

2.Short bones:

These have no shaft. But they contain a spongy substance
covered by a shell of compact bone e.g. small bones of wrist and
ankle.

3.Flat bones:

They contain two layers of compact bone with a spongy
substance in between e.g. pelvic bones and scapula.

These are small bones which develop in the tendons of
muscles e.g. patella of knee Joint.

STRUCTURE OF BONE:

Bone is the hardest of the connective tissues. It consists of
two kinds of connective tissues 1) Compact bone 2) Cancellous
bone.

Compact bone:
It is hard and dense. It isfound in flat bones, in the shafts of
long bones and as a thin covering of all bones.

Cancellous bone :

It is spongy in appearance. It is found in the ends of long
bones, in short bones and in between two layers of compact tissue
of flat bones.
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Gross structure of a long bone:

A long bone has two ends (epiphysis) connected by a shaft
(diaphysis). The outer membrane covering the bone is periosteum.
It is followed by a thick layer of compact bone. Inside this is a
central medullary canal. Nutrient foramen is the opening through
which arteries pierce the medullary canal.

Microscopic structure of bone:

Cross section of a bone under the microscope shows the
following structures:

1.Haversian canal which lies at the centre. It contains blood

vessels, nerves and lymphatics.

Lamellae

Canalicull —————=- AT iy s

Lacunae containing ——2t
bone calls
Haversian canal
gantaining blood
VEsEals nervos
and lymphatics

Hawversian
' system

Fig. 8 Microscopic structure of bone

2.Lamellae which are plates of bone arranged concentrically
around the Haversian canal.

3.Lacunae which are spaces between the lamellae and they
contain bone cells.

4.Canaliculi which are fine channels. They radiate between
the lacunae and the central Haversian canal.

All the structures together form a unit. Thisunit is called as
the Haversian system.

DEVELOPMENT AND GROWTH OF BONES
Formation of the boneis called is ossification. Bones of the
skeleton are developed in two ways:
1)Some bones develop in sheets of fibrous tissue (intra-
membranous ossification)
2)Other bones develop in bars of cartilage (intracartilagenous
ossification). In both cases, bone cells called osteoblasts
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invade the area of ossification. Here, calcium salts are de
posited to give the necessary hardness. This process of bone
development occurs before birth.

After birth, the bone grows from certain centers in it. The
centre in the shaft is called diaphysis. The two centers in the ends
are called as epiphysis. The layer of cartilage in between the
epiphysis and diaphysis is called as epiphyseal cartilage. This is
gradually replaced by bone. This replacement occurs till the
epiphysis and diaphysis unite to form a single bony structure. After
this, growth of bone stops.

BONES OF HUMAN SKELETON:
A total of 206 bones form human skeleton. These
bones can be classified as:

1 Bones of the skull : Bones of cranium, face and lower
jaw

2 Bones of the trunk : Ribs
Sternum
Vertebral column

3 Bones of upper limb : Scapula (shoulder girdle)

Humerus (arm bone)

Radius and ulna (forearm bones)

Phalanges (finger bones)
4.Bones of lower limb : Pelvic girdle (hip bone)

Femur (thigh bone)

Tibia and fibula (leg bones)

Meta tarsal bones (foot bones)

Bones of the skull and trunk form the axial skeleton. Bones

of the upper and lower limbs form the appendicular skeleton.

BONES OF THE SKULL
Bones of the skull are divided into two groups:
1. Bones of cranium (or brain box)
2. Bones of face
Bones of cranium :
Cranium is formed by 8 bones They are:
1. One frontal bone
2. Two parietal bones
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3. Two temporal bones
4. One occipital bone
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5. One sphenoid bone
6. One ethmoid bone

Sutures of the cranium :
Sutures are the immovable joints which unite the bones of
the skull. The important sutures are:
1. Coronal suture: between the frontal bone and the two
parietal bones
2. Sagittal suture: between the two parietal bones.
3. Lambdoid suture: between the occipital bone and the two
parietal bones

FRONTAL BONE:

If forms the forehead and the roof of the orbit. The
features of frontal bone are:
1.Supraorbital margins form the arches of orbit.
2Nasal notch - bone projecting between supraorbital mar gins.Nasal
bones are fitted to this.
3.Superciliary arch-lies above these two structures. Frontal
tuberosities - the two prominences of forehead.
4.Frontal tuberosities-the two prominences of forehead.
5.Frontal sinus- a space behind the forehead. It contains air and is
lined by mucous membrane.
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PARIETAL BONES:
They are two in number. Both form the roof and sides of the
skull. It has four’ borders, four angels and two surfaces.

1. The articulation of this bone are anteriorly with frontal
bone posteriorly with occipital bone medially with the
other parietal bone below with the temporal bone
It contains an eminence called parietal tuberosity.

3. Superior and inferior ‘temporal lines are the two lines
which run parallel to each other.

4. The inner surface is concave. It has impressions for
meningeal vessels.
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TEMPORAL BONES:
They are two in number. They form lower part of the sides
of the skull. The parts of temporal bone are:
1. Mastoid part-contains mastoid process
2. Squamous part-aflat part having the zygomatic process
which is connected to zygomatic bone.
Petrous part-forms the bone of the internal ear.
4. Tympanic part-contains the external auditory meatus.
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OCCIPITAL BONE :
It is at the back and lower part of the cranial cavity. The
features of occipital bone are:
1. A prominence above called as external occipital
protruberance.
2. Condyles, two in number which articulate with atlas.
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3. An opening at the base of skull called foramen magnum.
The spinal cord passes through this opening.
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SPHENOID BONE:
It lies at the base of the skull. It forms a large part of middle
cranial fossa. It contains:
1. Two pairs of wing-like structures called "greater" and
"lesser" wings.
2. "Sella turcica" or "hypophyseal fossa" which is a facet for
the pituitary glands.

ETHMOID BONE :
It is cubical in shape. It is very light and thin. It is situated
at the roof of nose and in between the orbits. It contains:
1. Two labyrinths composed of ethmoidal sinuses.
2. A perpendicular plate forming the upper part of nasal
septum.
3. Cribriform plate fitting into a notch of frontal bone.
Olfactory nerves pass through perforations in this plate.
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Figi4 Sphenovd bone

CRANIAL FOSSAE:
The base of the skull is divided into three fossae. These are:
1. Anterior cranial fossa:
It is formed by horizontal plates of frontal bone.
2. Middle cranial fossa:
Formed by sphenoid bone and petrous portion of
temporal bones.
3. Posterior cranial fossa:
Formed mainly by the occipital bone.
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At birth, skull bones of the child are not completely ossified.

The space between the bones are filled by membranes. These
membranes at the angles of bones are called fontanelles. These

fontanelles are:
1. Anterior fontanelle:

it isthe largest of the fontanelles. It is diamond shaped. It is
situated at the junction of frontal andtwo parietal bones. Here, the
coronal and sagittal sutures meet. This fontanelle closes at the age

of 1 year and 6 months.
2. Posterior fontanelle:

It isat the back. It occurs -at the junction of two parietal and

the occipital bones. It closes soon after birth.
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SINUSES OF THE SKULL:

These are cavities or chambers present in the bones

the skull. The important sinuses are:
1.Frontal Sinus:

They are two in number present in the frontal bones. They

are present on each side at the root of the nose.
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2.Maxillary sinuses:

Two in number present in the maxillary bones. They lie on
each side of the nose.

3.Ethmoidal and sphenoidal sinuses:

They are the other sinuses present in the skull. All these
sinuses communicate with the nose.

Functions of sinuses
1. They give resonance to the voice.
2. They lighten the bones of face and cranium.

BONES OF THE FACE
The bones which make the face are 14 in number. These bones
are: 1) Two maxillae (upper jaw) 2) one mandible (lower
jaw) 3) two palate bones 4) two zygomatic bones 5) two
lacrimal bones 6) two nasal bones 7) two inferior turbinate
bones 8) one vomer

MAXILLAE:
They are two in number. These bones form the upper jaw.

The essential features of maxilla are:
1. A body which is pyramidal in shape.
2. Four processes namely zygomatic process alveolar
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Fig.d7 Left masilla

process, frontal process and palantine process.
3. Maxillary sinus present in the internal aspect.

MANDIBLE :
This bone forms the lower jaw and is the only movable

bone of skull. It contains:
1. A body which is the horizontal part in the centre. It
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contains the lower teeth and forms the chin.

2. Two rami, one on each side. Each ramus contains the
coronoid process in the front and condyle of jaw
(head)which lies behind.

Tempero-inandibular joint isformed by the articul ation of condyle
with the temporal bone

o

Coronoid procass m Candyls

-‘—ILHm:h

o - — Aamue
""‘I:f /’L Angla
—=— Py

Fig. 16 Mandible Teft holf)

PALATE BONES:
They are two in number. They form the roof of the mouth
cavity and the hard palate.

ZYGOMATIC BONES:

Two bones. They form a part of the floor of the orbit, Each
of them contains a temporal process. This process joins with the
zygomatic process of temporal bone and forms the zygomatic arch.

LACRIMAL BONES:
They are two bones found in the interior of the orbit. It
contains the lacrimai sac which secretes the lacrirnal fluid.

NASAL BONES:
They are two in number. They form the nasal bridge.

INFERIOR TURBINATE BONES:

Two in number. They are also called as nasal conchae. They
are found in the interior of the
nasal cavit

VOMER:
It forms the lower part of nasal septum.
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HYOID BONE:

It is V shaped bone. It has:

1) abody  2) two horns called as lesser horn and greater
horn. The hyoid bone is attached to the base of the tongue and to
styloid process by means of ligaments.

BONES OF UPPER LIMB
SCAPULA:
It lies at the back of the thorax. It forms the posterior part of
the shoulder girdle. It has two surfaces, three angles and three
borders.

The surfaces of scapula are:

1.Anterior or costal! surface:
It is called as the suprascapular fossa. It lies nearest to the ribs.
Subscapularis muscle is attached to this surface.
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2. Posterior or dorsal surface:
It is divided into two fossae by spine of scapula which ends with
acromion process. The fossae are:
a) Supraspinous fossa which is the upper one. It gives
attachment to supraspinatous muscle.
b) Infraspinous fossa which is below. It gives
attachement to infraspinatous muscle.
The borders of scapula are:
1. Superior border:
It lies in the upper part. It extends from the superior angle to the
base of corocoid process. Supras capular notch is at the inner
extremity of this border. The suprascapular vessels pass through
this notch.
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2. Medial or vertebral border:
It is nearest to vertebral column. It extends between
superioR and inferior angles.
3. Lateral or axillary border:
It is nearest to axilla. It lies between inferior angle and
glenoid cavity.
The angles of scapula are:
1. Superior angle:
It lies at the junction between superior and medial borders.
2. Inferior angle:
It is the junction between medial and lateral borders. It is
the lowest point of the scapula.
3. Lateral or external angle:
It contains glenoid cavity which receives the head of
humerus (to form shoulder joint). Corocoid process of scapula
arises internal to glenoid cavity.

Acromial end
Fig. 21. The clavicle

CLAVICLE:

It isalso called as collar bone. It isalong and curved bone.
It forms the anterior part of shoulder girdle. It contains a shaft, two
ends and four borders.
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The ends are:
1. Medial or sternal end. It articulates with sternum.
2. Lateral or acromial end. It articulates with acromion
process of scapula.
The borders of clavicle are superior, inferior, anterior and posterior
borders.

HUMERUS:
It is the longest bone of upper limb. It contains two
extremities and a shaft.

Upper extremity: It contains:

1. A hemispherical head which articulates with glenoid
cavity  of scapula (at the Shoulder joint)

2. Anatomical neck which is below the head.

3. Greater tuberosity which is below the anatomical neck.
It isin the outer side of upper extremity.

4. Lesser tuberosity which is also below the anatomical
neck. But it is at the front.

5. Bicipital groove or intertubercular sulcus: It lies in
between these two tuberosities.

6. Surgical neck: It isanarrow point of the bone below the
two tuberosities.

Shaft: It contains
1. Deltoid tuberosity which is a rough tubercle on the
lateral aspect of the shaft. It receives the insertion of
deltoid muscle.
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2. Spiral or radial groove which is a oblique groove across
the back of the shaft. The radial nerve passes through
this groove.

Lower extremity : It contains:

1. Trochlea which is a pulley-shaped surface on the
innerside. It articulates with nina.

2. Capitulum on the outer side. It articulates with radius.

3. Coronoid fossa which is a depression. It lies above the
articulating surface for ulna.

4. Olecranon fossa which lies at the back. It receives the
olecranon process of ulna

5. Medial and lateral epicondyles which lie on each side of
thearticulating surfaces.

ULNA :
It is the inner most bone of the forearm. It contains two
extremities and a shaft.
Upper extremities: It contains:
1. Coronoid process which is a projection in front. It fits
into the coronoid fossa of humerus.
2. Olecranon process which is an upward projection at the

w11 g

back It fits into olecranon process of humerus.

3. Trochlear notch which is formed by these two processes.
It articulates with trochlear surface of humerus.

4. Radial notch which is on the outer or lateral aspect. It
articulates with head of radius.

Shaft :

It is tapering towards the lower end. If contains surfaces
and borders. It gives attachment to:
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1. Muscles which control movements of wrist and fingers.

2. Flexor and extensor muscles of forearm.

3. Muscles of pronation and supination of forearm

Lower extremity: It contains:
1. Head of ulna which is asmall rounded eminence. It
articulates with lower extremity of radius.
2. Syloid process which projects downwards from back of
lower extremity.

RADIUS :
It isthe lateral or outer most bone of forearm. It contains
two extremities and a shaft.

Upper extremity: It contains;
1. A head which is more or less button- shapped.
2. Neck which lies below the head.
3. Biceps tubercie which lies below and to the medial side
of neck. It gives insertion to biceps muscle.

Shaft:
It is narrower above and wider below. It contains surfaces
which give attachment to a variety of muscles.

Lower extremity:
It contains styloid process which is on the outer or |ateral
aspect.

BONES OF WRIST AND HAND

Bones of Wrist:
The bones of carpus or arranged in two rows. They are
1. First or proximal row made of scaphoid, lunate, triquetral
and pisiform bones.
2. Second or distal row made of trapezium, trapezoid,
capitate and hamate bones.

Bones of Palm :
They are made of metacarpal bones. They are long
bones which contain a head, a shaft and a base. The bases articul ate
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with the distal row of carpal bones. The heads articulate with the
proximal row of phalanges.
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Bones of fingers:

They are made of phalangial bones. These are long
bones. The thumb has two phalanges. Other fingers have three
phalanges. They are proximal, middle and distal phalanges.

M etacar po-phalangial joints are the joints between meta carpal
and phalangial bones.

Inter phalangial joints are the joints between the phalangial bones
themselves.

BONES OF THORAX
The skeleton of the thorax is made of the following bones:
1. Stemum in the front
2. Twelve parts of ribs at the sides.
3. Twelve thoracic vertebrae at the back.

STERNUM:

It is also called as breast bone. It is a flat bone which is

divided into three parts namely manubrium sterni, body of sternum
and xiphoid bone.
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Manubrium sterni :
It is the upper part which is triangular in shape. It contains:
1. Clavicular notches on both sides. These notches articul ate
with clavicle.
2. Suprasternal notch which is present in between the two
clavicular notches.
3. Articular surfaces ‘on both sides for the first rib.

Body of sternum (gladiolas)

The second rib is attached at the junction between manubrium
stemi and body of sternum. This junction is called as Angle of
Ludwig. The body of sternum has attachments for 3rd, 4th, 5th, 6th
and 7th ribs.

Xiphoid bone (ensiform process)
It is the lowest part of sternum. To this are attached the
diaphargm, linea alba and rectus abdominis muscle.

RIBS:

They are arranged in twelve pairs, On the back side, all of
them are attached to thoracic vertebrae. Depending on their
attachment in the front, they are classified as:

1. True ribs which are the upper seven pairs. They are
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attached to the sternum directly.
2. Falseribswhich arethe lower five pairs. They are attached
to the sternum indirectly (through costal cartilages).
3. Floating ribs are the lowest two pairs. They are not
attached in front.
A rib consists of the following parts:

1. Anterior or sternal end: It has depressions for attachmentof
costal cartilage.

no

Posterior or vertebral end: It has ahead, neck and tubercie.

3. Shaft which has

a) Two surfaces namely inner and outer surfaces

b) Two borders namely upper and lower borders.

c) subcostal groove present in the inner surface. It
contains intercostal vessels and nerves.

Costal cartilages:
These are bars of hyaline cartilage. They connect the ribs
and sternum.

VERTEBRAL COLUMN:

The vertebral column (or spinal col umn) is made of a number
of bones. These bones are called vertebrae. In all, there are 33
vertebrae

Classification of vertebrae: According to the region they occupy,
the vertebrae are classified as
1. Cervical vertebrae: 7 In number. They form the neck region.
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Thoracic vertebrae: 12 in number. They form back of thorax.
Lumbar vertebrae:5 in number. They form lumbar region.
Sacral vertebrae:5 in number. They form the sacrum.

5. Coccygeal vertebrae: 4 in number. They form coccyx. Except
the first and second cervical vertebrae (axis and atlas), other
vertebrae have similar characteristics So these other vertebrae are
called as typical vertebrae.

Eal S

STRUCTURE OF A TYPICAL VERTEBRA: A typical vertebra
(Fig.29) contains :
1. A body which is a box shaped anterior part. It is slightly
concave in the upper and lower surface.
2. Neural arch which is the posterior part. It contains
a) two pedicles which project backward and
b) two laminae which are directed backward to meet
behind in the mid-line.
3. Two transverse processes, one on each side. They lie in
thejunction between pedicle and lamina.
4. One spinous process which is a backward projection. It
occurs where the two laxninae unite in the mid-line.
5. Two articular processes, in the upper and lower surface.
They lie at the junction between pedicle and laminae (near
the transverse process).
6. Neural canal whichisacircular opening. The spinal cord
passes through this.

CERVICAL VERTEBRAE They are seven in number.

The first cervical vertebra is called as atlas. The second
vecervical vertebra is called as axis. These two cervical vertebrae
have different structures when compared with others.

1. It is does not have a body.
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2. It does not have spinous process.
3. On the upper surface, it has two facets. These facets
articulate with the condyles of. occipital bone (to form
atlantooccipital joint).

Facet Tar
Iransverse
ligamenl

w, _~— Udontoid process

~ Facet for allas

Foramen for
vartgbral ariery

Fig. 28 Axis

Axis: It isthe second cervical vertebra. It contains:
1. Odontoid process which is an upward projection fro n
the body. It articulates with anterior arch of atlas.
2. Two facets on the anterior surface. They articulate with
atlas.
3. A spine which is small and bifid.

Other cervical vertebrae:
They are the lower five. Their features are: 1. a smaller body
2. oblong shape 3. triangular neural canal 4. bifid spinous
process 5. vertebral foramen in the trans verse process.

THORACIC VERTEBRAE:

They are twelve in number. These vertebrae carry the ribs.
The characteristic features of these vertebrae are:

1. Body is heart shaped

2. Body has facets, one on each side for the attachment

of head of ribs.

3. The transverse process has facets at the tips for
articulation with tubercie of ribs.
Vertebral foramen is absent.
5. Pedicle and laminac are absent.

B



34 ANATOMY AND PHYSIOLOGY

5. Pedicle and laminac are absent.
6. Spinous process is long and projects downwards.

Acliculae Lwsal
P T & 1D

|
Y e SEurs canal

i ‘3_,5 = BAlGUlE profoas
- ~— TiIanAYySIEe proceil

Paidiokes—

Fig X Thoracic vertehra

LUMBAR VERTEBRAE:

They are five in number. They have the following

characteristics.

1. Body is big and kidney shaped.

2. Spinous process is short, stout and directed backwards.
3. No articular facets for ribs.

4. Pedicles and laminae are present.

SACRAL VERTEBRAE :

They are five in number. All of them unite to form a si
bone called sacrum. The sacrum joins with the pelvic bone and takes
part in the formation of pelvic cavity. The features of sacrum are:
1. Sacral foraminae which are four openings present in the
anterior surface. Nerves pass through these openings.

2. Lateral masses on either side. They are formed by e union of

transverse processes.

3. Sacral promontary which is the projection of the upper part
of sacrum.

COCCYGEAL VERTEBRAE:

They are four in number. All of them unite to form asingle
bone called Coccyx.

LIGAMENTS:
The vertebrae are held together by the following
ligaments.
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1. Anterior and posterior ligaments: They run the whole length of
spine. They connect the anterior and posterior aspects of the bodies
respectively.

2. Ligamenta flava: They connect the laminac of vertebral arches.
3. Supraspinous ligaments: They lie between the spines and connect
them.

4. Intervertebral discs: They are made of fibrocartilage.

BONES OF THE PELVIC GIRDLE

The pelvic girdle is the connection between the trunk and
lower extremities. It is formed by:

1. Two inominate bones, one on each side.

2. The sacrum and coccyx in between.

INOMINATE BONE:

It is called as pelvic bone or hip bone. It is made of three
parts namely ilium, ischium and pubis. All these three bones unite
to form a large cup shaped cavity on the outer surface called
acetabulum. The head of femur fits into acetabulum forming the
hip joint.

Fig 31 Left tnominare bone (external and fmiermal mirface)

[lium :
It is the upper expanded and flat part of inominate bone. It
contains:
1. External or gluteal surface:
This surface contains three ridges namely superior, middle and
infefior gluteal ridges. They give attachment to gluteal muscles.
2. Internal surface which is concave.
It forms part of iliac fossa and it gives attachment to iliac muscles.
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3. An upper margin called as crest of ilium. The crest of ilium
contains four spines. They are:
a) Anterior superior iliac spine
b) Posterior superior iliac spine
c) Anterior inferior iliac spine
d) Posterior inferior iliac spine
4. Great sciatic notch which is below the articulating surface for
sacrum.

Pubis:
It is the front portion of inominate bone. It contains:

. A body which is more or less square in shape.

2. Symphysis pubis which is the union of the pubic bonesin
the front.

3. Superior ramus which is a bridge of bone projecting from
the outer part of body and joins it to ilium.

4. Inferior ramus which is the lower part of the body and
joins it to ischium.

|_\

Ischium :
It is the solid, broad portion at the lower and back part of
inominate bone. It contains:
1.A body which forms acetabulum on the outer surface.
2:Tuberosity of ischium present at the lowest point. It
supports the body weight while sitting.
3.Spine of ischium which arises from the back of ischium.

Obturator foramen is a roughly triangular opening which is
bounded by:

1. Public bone in front and above.

2. Ischium behind and below.

PARTS OF PELVIS : Pelvis can be divided into:

1. False pelvis which is the upper part. It is formed by the
two iliac bones.

2. True pelvis which is the lowest part. It is formed by
ischium and pubis (in the front and on each side) and by sacrum
(behind).

Pelvic brim is the upper opening of true pelvis
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[liopectineal line is the line present at the junction of ilium
with ischium.

Differences between female and male pelvis

The female pelvis is adapted for pregnancy and child birth.
It differs from male pelvis in the following aspects.

1. It is shallow and wider than male pelvis.

2. Inlet and outlet are longer and nearly oval in shape.

3. Bones are lighter and smoother.

4. Pubic arch is wider.

5. Ischial tuberosities are further apart.

6. The coccyx is more movable.

BONES OF LOWER LIMB

FEMUR: It is also called as thigh bone. It is the longest and
strongest bone of the skeleton. It contains two extremities and a
shaft.
Upper extremity: It contains:
1. A head which is spherical and covered with hyaline
cartilage.
2. A neck which lies below the head. It islong and flattened.
3. Greater trochanter which is on the outer side where the
neck joins the shaft.
4. Lasser trochanter which is on the inner side where the
neck joins the shaft.
5. Anterior and posterior intertrochantric lines are two lines
which unite greater and lesser trochanters.
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Shaft : It is smooth, cylindrical and rounded in front and at the
sides. It contains:

1. Linea aspera which is a ridge on the posterior aspect
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2. Gluteal ridge which extends from linea aspera to the back
of greater trochanter.

3. Spiral line which extends at the inner aspect from
linea aspera to lesser trochanter

Lower extremity: It contains:

1. Medial and lateral condyles lying one on each side.

2. Intercondylar notch which lies behind. It separates these
two condyles.

3. Adductor tubercie which is a small tubercie above the
medial condyle.

4. Patellar surface which separates the two condylesin front.
Patella rests on this surface.

5. Popliteal surface which is above the condyles at the back.
Popliteal vessels and nerves lie on this surface.

PATELLA:

It is a sesamoid bone developed in the tendon of quadriceps
femoris muscle. It contains:

1. An apex pointing downwards. The ligamentum patellae
is attached to the apex.

2. An anterior surface which is rough and covered with a
bursa.

3. Posterior surface which is smooth. It articulates with
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patellar surface of femur (to form knee point).

TIBIA:

It istheinnermost bone of the leg. It isalong bone containing
two extremities and a shaft.
Upper extremity: it contains:

1. A head which contains two condyles namely medial
condyle and lateral condyle. The upper surfaces of these condyles
articulate with the corresponding condyles of femur.

2. Popliteal notch which separates the two condyles at the back.
3. Tubercie of tibia which lies below the condyles in the front.

Shaft:
It is triangular in shape having three borders and three
surfaces. The shaft contains:

1. Crest of tibia which is present in the middle third of the
anterior border.

2. Soleal line which is a strong ridge of bone present in the
posterior surface.
Lower extremity:

It is slightly expanded. it has, an arti surface for talus to
form the ankle joint. Medial malleolus is a downward projection
present in the medial aspect.

FIBULA:

It is the lateral or outermost bone of the leg. It isalong and
slender bone. It contains two extremities and a shaft.
Upper extremity: It contains:
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1. A head which is expanded. It articulates with the back of
lateral condyle of tibia. It does not take part in the formation of
knee joint.
2. Syloid process present in the apex of head. One ligament
of knee joint is attached to this.

Shaft: It is thin and gives attachment to several muscles.
L ower extremity: It contains:

1. Lateral malleolus which is a downward prolongation of
the lower extremity.

2. Malleolar fossa which is a rough depression behind the
malleolus.

BONES OF FOOT

Bones of foot can be classified as:

1. Tarsal bones (7 bones)

2. Metatarsal bones (5 bones)

3. Phalangial bones (14 bones)
TARSAL BONES:

They include calcaneum, talus, navicular, cuboid and three
cuneiform bones.

Calcaneum:

It is the largest bone of the foot. It lies at the back of foot.
Above, it articulates with talus and in front with cuboid. Calcaneum
gives attachment to tendo calcaneus of calf muscle.

Talus:

It forms the central and highest point of foot. It articulates
at the sides with medial and lateral malleoli and below with
calcaneum.

Navicular (or scaphoid):

It is a disc shaped bone. It is present in the medial aspect of
foot. It lies between talus at the back and three cuneiform bones in
front.

Cuboid:
It isin the lateral aspect of foot. Behind, it articulates with
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calcaneum. In front, it articulates with two lateral metatarsal bones.

Cuneiform bones:

They are three in number namely medial, intermediate and
lateral cuneiform bones. Posteriorly they articulate with navicular
bone. Anteriorly they articulate with three metatarsal bones.

METATARSAL BONES:
They are five in number. They correspond with the five toes.
All of them are long bones. They contain a head, shaft and base.
The first metatarsal is thick and stout.
The first metatarsal is thick and stout.
The second metatarsal is longer than others.
The fifth one has a projection at the lateral side of the base.

PHALANGES:
They are 14 bones, two for the first toe and three for the
rest. All of them are long bones.

ARCHES OF FOOT:

In the foot, the bones are so arranged that there are
four different arches. There are two longitudinal arches and two
transverse arches. These arches are

a) Medial or internal longitudinal arch: For this
1.Posterior support is given by calcaneum.
2.Anterior support is given by navicular, three cuneiforms
and heads of three inner metatarsal bones.
3.Summit is provided by the talus.
b) Lateral or outer longitudinal arch : This is formed by
calcaneum, cuboid and two outer metatarsal bones.
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c) Transverse tarsal arch It is formed by the tarsal bones.
d) Transverse metatarsal arch: It is formed by the heads of
metatarsal bones

3. ARTHOLOGY
Any connection between bones of the skeleton iscalled as a
joint or articulation. Arthrology is the term applied for the study
of joints.
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CLASSIFICATION OF JOINTS: Joints are classified as:
1. Fibrous joints
2. Cartilagenous joints
3. Synovia joints

FIBROUS JOINTS (or Synarthroses) :

They are also called as fixed or immovable joints. In
these joints, there is a tight union between the bones. So no
movement is possible at these joints e.g. sutures of the skull and
teeth in their sockets.

CARIILAGENOUS JOINTS (or amphiarthroses):

They are also called as movable joints. In this type

1. The articular ends of the bones are covered by hyaline

cartilage.

2. There is a pad of fibrocartilage between the joint.

3. Thejoint is covered by ligaments.

Symphysis pubis and intervertebral joints are examples of
cartilagenous joints.

SYNOVIAL JOINTS (or diarthroses) : They are also called as
freely movable joints. The characteristics of these joints are:
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1. Articular ends of bones are covered by hyaline cartilage.

2. Bones are bound together by ligaments.

3. Joint is enclosed by fibrous capsule.

4. Capsule of the joint is lined by synovial membrane.

5. The cavity of the joint contains synovial 