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Preface to the Fourth Edition

In July 1996, I had gone to the office of CBS
Publishers and Distributors to hand over the
manuscript of the third edition of our Textbook of
Histology, when Mr SK Jain, Managing Director of
CBS, requested me to shoulder the responsibility
of editing the three volumes of their extremely
popular book BD Chaurasia's Human Anatomy, the
third edition of which was earlier edited by
respected Prof. Inderbir Singh. This was a 'God
given gift' which I accepted with great gratitude.
This had also been the wishful thinking of my son,
now a nephrologist in the US.

The three volumes of the fourth edition of this
book are extremely student-friendly. All out efforts
have been made to bring them closer to their
hearts through serious and subtle efforts. Various
ways were thought of, which I discussed with my
colleagues and students, and have been incorporated
in these volumes.

One significant method suggested was to add
'‘practical skills' so that these volumes encompass
theoretical, practical and clinical aspects of various
parts of human body in a functional manner. The
paragraphs describing human dissection, printed
with blue background, provide necessary
instructions for dissection. These entail identifying
structures deeper to skin which need to be cut and
separated to visualise the anatomic details of
various structures.

Dissection means patiently clearing off the fat
and fasciae around nerves, blood vessels, muscles,
viscera, etc. so that their course, branches and
relations are appreciated. This provides the
photogenic memory for the 'doctor-in-making'. First
year of MBBS course is the only time in life when
one can dissect at ease, although it is too early a
period to appreciate its value. Good surgeons always
refresh their anatomical knowledge before they go
to the operation theatre.

Essential part of the text and some diagrams from
the first edition have been incorporated glorifying

the real author and artist in BD Chaurasia. A
number of diagrams on ossification, surface
marking, muscle testing, in addition to radiographs,
have been added.

The beauty of most of the four-colour figures lies
in easy reproducibility in numerous tests and
examinations which the reader can master after a
few practice sessions only. This makes them user-
friendly volumes. Figures are appreciated by the
underutilised right half of the cerebral cortex,
leaving the dominant left half for other jobs in
about 98% of right-handed individuals. At the
beginning of each chapter, a few introductory
sentences have been added to highlight the
importance of the topic covered. A brief account of
the related histology and development is put forth
so that the given topic is covered in all respects.
The entire clinical anatomy has been put with the
respective topic, highlighting its importance. The
volumes thus are concise, comprehensive and
clinically-oriented .

Various components of upper and lower limbs
have been described in a tabular form to revise and
appreciate their "diversity in similarity". At the
end of each section, an appendix has been added
wherein the segregated course of the nerves has
been aggregated, providing an overview of their
entire course. These appendices also contain some
clinicoanatomical problems and multiple choice
questions to test the knowledge and skills acquired.
Prayers, patience and perseverance for almost 8
years have brought out this new edition aimed at
providing a holistic view of the amazing structures
which constitute the human anatomy.

There are bound to be some errors in these
volumes. Suggestions and comments for correction
and improvement shall be most welcome: These
may please be sent to me through e-mail at

cbspubs@del3.vsnl.net.in.

KRISHNA GARG
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Preface to the First

" 1”he necessity of having a simple, systematized
_L and complete book on anatomy has long been
felt. The urgency for such a book has become all
the more acute due to the shorter time now
available for teaching anatomy, and also to the
falling standards of English language in the
majority of our students in India. The national
symposium on "Anatomy in Medical Education"
held at Delhi in 1978 was a call to change the
existing system of teaching the unnecessary
minute details to the undergraduate students.

This attempt has been made with an object to
meet the requirements of a common medical
student. The text has been arranged in small
classified parts to make it easier for the students
to remember and recall it at will. It is adequately
illustrated with simple line diagrams which can
be reproduced without any difficulty, and which also
help in understanding and memorizing the
anatomical facts that appear to defy memory of a
common student. The monotony of describing the
individual muscles separately, one after the other,
has been minimised by writing them out in tabular
form, which makes the subject interesting for a
lasting memory. The relevant radiological and
surface anatomy have been treated in separate
chapters. A sincere attempt has been made to deal,
wherever required, the clinical applications of the
subject. The entire approach is such as to attract
and inspire the students for a deeper dive in the
subject of anatomy.

Gwalior
February, 1981

The book has been intentionally split in three
parts for convenience of handling. This also makes
a provision for those who cannot afford to have the
whole book at a time.

It is quite possible that there are errors of omis-
sion and commission in this mostly single handed
attempt. I would be grateful to the readers for their
suggestions to improve the book from all angles.

[ am very grateful to my teachers and the authors
of numerous publications, whose knowledge has
been freely utilised in the preparation of this book.
I am equally grateful to my professor and colleagues
for their encouragement and valuable help. My
special thanks are due to my students who made
me feel their difficulties, which was a great
incentive for writing this book. I have derived
maximum inspiration from Prof. Inderbir Singh
(Rohtak), and learned the decency of work from Shri
SC Gupta (Jiwaji University, Gwalior).

I am deeply indebted to Shri KM Singhal
(National Book House, Gwalior) and Mr SKJain
(CBS Publishers and Distributors, Delhi), who have
taken unusual pains to get the book printed in its
present form. For giving it the desired get-up, Mr
VK Jain and Raj Kamal Electric Press are gratefully
acknowledged. The cover page was designed by
MrVasant Paranjpe, the artist and photographer
of our college; my sincere thanks are due to him. I
acknowledge with affection the domestic
assistance of Munne Miyan and the untiring
company of my Rani, particularly during the odd
hours of this work.

BD CHAURASIA
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Osteology of the

Head and Neck

Bones of head and neck include somatic bones, the
skull, ie. skull with mandible, seven cervical
vertebrae and the hyoid, developed from the second
and third branchial arches. The skull cap formed by
frontal, parietal, squamous temporal and a part of
occipital bones, develop by intramembranous
ossification, being a quicker one-stage process. The
base of the skull in contrast ossifies by intra-
cartilaginous ossification which is a two-stage process
(membrane-cartilage-bone). The joints in the skull
are mostly sutures, a few primary cartilaginous and
only a pair of synovial joint the temporomandibular
joint. This mobile joint permits us to speak, eat,
drink and laugh.

Skull lodges not only the brain, but also special
senses like cochlear and vestibular apparatus, retina,
olfactory mucous membrane, and taste buds. The
weight of the brain is not felt as it is floating in the
cerebrospinal fluid. Our personality, power of speech,
attention, concentration, judgement, and intellect
are because of the brain that we possess and its
proper use, for our own good and for the good of the
society as well.

THE SKULL : INTRODUCTION

Terms

The skeleton of the head is called the skull. 1t
consists of several bones that are joined together to
form the cranium. The term skull also includes the
mandible or lower jaw which is a separate bone.
However, the two terms skull and cranium, are often
used synonymously.

The skull can be divided into two main parts: (a)
The ccdvaria or brain box is the upper part of the
cranium which encloses the brain, (b) the facial
skeleton constitutes the rest of the skull and includes
the mandible.

Bones of the Skull

The skull consists of the 22 bones which are named
as follows.

(A) The calvaria or brain case is composed of 8

bones.

Paired Unpaired
1.Parietal 1 Frontal
2.Temporal 2.Occipital

3.Sphenoid
4.Ethmoid
(B) The facial skeleton is composed of
Paired 14 bones.
1.Mandible
2.Vomer
Unpaired

1.Maxilla

2.Zygomatic

3.Nasal

4.Lacrimal

5.Palatine

6.Inferior nasal concha.

Skull Joints

With the exception of the temporomandibular joint
which permits free movements, most of the joints of
the skull are immovable and fibrous in type; these
are known as sutures. A few are primary cartilaginous
joints. During childhood the sutures can open up if
intracranial tension increases. In adults, the bones
are interlocked and the sutures cannot open up. In
old age, the sutures are gradually obliterated by
fusion of the adjoining bones; fusion begins on the
inner surface of the skull between the ages of 30 and
40 years; and on the outer surface between 40 and
50 years.

Anatomical Position of Skull

The skull can be placed in proper orientation by
considering any one of the two planes.



1.Reid's base line is a horizontal line obtained by
joining the infraorbital margin to the centre of
the external acoustic meatus, i.e. auricular
point.

2.The Frankfurt horizontal plane of orientation is
obtained by joining the infraorbital margin to the
upper margin of the external acoustic meatus.

Methods of Study of the Skull

The skull can be studied as a whole. This is of
greater practical importance and utility than
knowing the details of individual bones.

A. The whole skull can be studied from the outside
or externally in different views:

1.Superior view or norrna verticalis.

2.Posterior view or norma occipitalis.

3.Anterior view or norma frontalis.

4 Lateral view or norma later alls.

5.Inferior view or norma basalis.

B. The whole skull can be studied from the inside

or internally after removing the roof of the calvaria or
skull cap:

1.Internal surface of the cranial vault.

2.Internal surface of the cranial base which
shows a natural subdivision into anterior,
middle and posterior cranial fossae.

C. The skull can also be studied as individual
bones.

EXTERIOR OF THE SKULL

NORMA VERTICALIS

Shape

When viewed from above the skull is usually oval in
shape. It is wider posteriorly than anteriorly. The
shape may be more nearly circular.

Bones Seen in Norma Verticalis

1.Upper part of the frontal bone anteriorly.
2.Uppermost part of the occipital bone posteriorly.
3.A parietal bone on each side.

Sutures

1.Coronal suture. This is placed between the
frontal bone and the two parietal bones. The
suture crosses the cranial vault from side to side
and runs downwards and forwards (Fig. 1.1).

2.Sagittal suture. It is placed in the median plane
between the two parietal bones.

Coronal suture
1

~~._ Frontal bone

Bregma
\

Lambda

Fig. 1. 1: Norma verticalis.
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Lambdoid suture. It lies posteriorly between the
occipital and the two parietal bones, and it
runs downwards and forwards across the cranial
vault.

2.Metopic suture. This is occasionally present in
about 3 to 8% individuals. It lies in the median

plane and separates the two halves of the frontal
bone.

Some other Named Features

I . The vertex is the highest point on the sagittal
suture.

1.The vault of the skull is the arched roof for the

dome of the skull.

2.The bregma is the meeting point between the
coronal and sagittal sutures. In the foetal
skull, this is the site of a membranous gap,
called the anterior fontanelle, which closes at
eighteen months of age (Fig. 1.2).

3.The lambda is the meeting point between the
sagittal and lambdoid sutures. In the foetal
skull, this is the site of the posterior
fontanelle which closes at two to three months
of age.

Anterolateral!
fontanelle




Anterior fontanelle
Posterior , fontanelle

Posterolateral fontanelle Fig. 1.2: Fontanelles of

skull.



1.The parietal tuber (eminence) is the area of
maximum convexity of the parietal bone. This is
a common site of fracture of the skull.

2.The parietalforamen, one on each side, pierces
the parietal bone near its upper border, 2.5 to 4
cm in front of the lambda. The parietalforamen
transmits an emissary vein from the veins of
scalp into the superior sagittal sinus.

3.The obelion is the point on the sagittal suture
between the two parietal foramina.

4. The temporal lines begin at the zygomatic process
of the frontal bone, arch backwards and
upwards, and cross the frontal bone, the coronal
suture and the parietal bone. Over the parietal
bone there are two lines, superior and inferior.
Traced anteriorly, they fuse to form a single line.
Traced posteriorly, the superior line fades out over
the posterior part of the parietal bone, but the
inferior temporal line continues downwards and
forwards.

NORMA OCCIPITALIS

Norma occipitalis is convex upwards and on each
side, and is flattened below.

Bones Seen

1.Posterior parts of the parietal bones, above.

2.Upper part of the squamous part of the occipital
bone below (Fig. 1.3).

3.Mastoid part of the temporal bone, on each
side.
Sutures

1. The lambdoid suture lies between the occipital
bone and the two parietal bones. Sutural bones are
common along this suture.

Sagittal suture

—

1.The occipitomastoid suture lies between the
occipital bone and the mastoid part of the
temporal bone.

2.The parietomastoid suture lies between the
parietal bone and the mastoid part of the
temporal bone.

3.The posterior part of the sagittal suture is also
seen.

Other Features

1.Lambda, parietal foramina and obelion have
been examined in the norma verticalis.

2.The external occipital protuberance is a median
prominence in the lower part of this norma. It
marks the junction of the head and the neck.
The most prominent point on this protuberance
is called the inion.

3.The superior nuchal lines are curved bony ridges
passing laterally from the protuberance. These
also mark the junction of the head and the neck.
The area below the superior nuchal lines will be
studied with the norma basalis.

4.The highest nuchal lines are not always present.
They are curved bony ridges situated about 1
cm above the superior nuchal lines. They begin
from the upper part of the external occipital
protuberance and are more arched than the
superior nuchal lines.

5.The occipital point is a median point a little
above the inion. It is the point farthest from
the glabella.

6.The mastoid foramen is located on the mastoid
part of the temporal bone at or near the
occipitomastoid suture. Internally, it opens at the
sigmoid sulcus. The mastoid foramen transmits an
emissary vein, and the meningeal branch of
the occipital artery.

Parietal foramen

Lambda
Lambdoid suture
Highest nuchal line

Superior nuchal line

Parietal bone
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Fig. 1.3: Norma occipitalis.
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7. The interparietal bone is occasionally present.
It is a large triangular bone located at the apex of the
squamous occipital. This is not a sutural or accessory
bone but represents the membranous part of the
occipital bone which has failed to fuse with the rest
of the bone.

Attachments

1.The upper part of the external occipital
protuberance gives origin to the trapezius, and
the lower part gives attachment to the upper end
of the ligamentum nuchae (see Fig. 1.15).

2.The medial one-third of the superior nuchal
line gives origin to the trapezius, and the lateral
part provides insertion to the stemocleidomastoid
above and to the splenius capitis below.

3.The highest nuchal lines provide attachment to
the epicranial aponeurosis medially, and give
origin to the occipitalis or occipital belly of
occipitofrontalis muscle laterally (Fig. 1.4).

NORMA FRONTALIS

The norma frontalis is roughly oval in outline, being
wider above than below.

Bones

1.The frontal bone forms the forehead. Its upper
part is smooth and convex, but the lower part
is irregular and is interrupted by the orbits and
by the anterior bony aperture of the nose (Fig.
L.5).

2.The right and left maxillae form the upper jaw.
3.The right and left nasal bones form the bridge
of the nose.

1.The zygomatic bones form the bony prominence of

the superolateral part of the cheeks.

2.The mandible forms the lower jaw.

The Norma Frontalis will be studied under the
following heads: (a) Frontal region; (b) orbital opening;
(c) anterior piriform- shaped bony aperture of the
nose; and (d) lower part of the face.

Frontal Region

The frontal region presents the following features:
1.The superciliary arch is a rounded, curved
elevation situated just above the medial part of
each orbit. It overlies the frontal sinus and is
better marked in males than in females.
2.The glabeUa is a median elevation connecting
the two superciliary arches. Below the glabella
the skull recedes to the frontonasal suture at the
root of the nose.
3.The noston is a median point at the root of the
nose where the internasal suture meets with
the frontonasal suture.
4.The frontal tuber or eminence is a low rounded
elevation above the superciliary arch, one on
each side.

Orbital Openings

Each orbital opening is quadrangular in shape and is
bounded by the following four margins.

1. The supraorbital margin is formed by the frontal
bone. At the junction of its lateral two-thirds and its
medial one-third, it presents the supraorbital notch
or foramen.

Frontal belly



Epicranial Occipital belly
aponeurosis

Fig. 1.4: Attachments of the occipitofrontalis muscle.
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Fig. 1.5: Norma frontalis.

1.The infraorbital margin is formed by the
zygomatic bone laterally, and the maxilla
medially.

2.The medial orbital margin is ill-defined. It is
formed by the frontal bone above, and by the
lacrimal crest of the frontal process of the
maxilla below.

3.The lateral orbital margin is formed mostly by
the frontal process of zygomatic bone but is
completed above by the zygomatic process of
frontal bone. Frontozygomatic suture lies at
their union.

Anterior Bony Aperture of the Nose

The anterior bony aperture is pear-shaped, being
wide below and narrow above.

Boundaries

Above: by the lower border of the nasal bones.
Below: by the nasal notch of the body of the maxilla
on each side.

Features

Note the following.

1. Articulations of the nasal bone: (a) Anteriorly,
with the opposite bone at the internasal suture, (b)
posteriorly, with the frontal process of the maxilla, (c)
superiorly, with the frontal bone at the frontonasal
suture, and (d) inferiorly, the upper nasal cartilage is
attached to it.

The nasal bone is one of the most commonly fractured
bones of the face.



2. The anterior nasal spine is a sharp projection
in the median plane in the lower boundary of the
piriform aperture (Fig. 1.4).

Lower Part of the Face
Maxilla

Maxilla contributes a large share in the formation of
the facial skeleton. The anterior surface of the body
of the maxilla presents (a) the nasal notch medially;
(b) the anterior nasal spine; (c) the infraorbitalforamen,
1 cm below the infraorbital margin; (d) the incisive
fossa above the incisor teeth; and (e) the caninefossa
lateral to the canine eminence (see Fig. 1.29).

In addition, three out of four processes of the
maxilla are also seen in this norma. (a) The frontal
process of the maxilla is directed upwards. It
articulates anteriorly with the nasal bone, posteriorly
with the lacrimal bone, and superiorly with the
frontal bone, (b) The zygomatic process of the
maxilla is short but stout and articulates with the
zygomatic bone, (c) The alveolar process of the
maxilla bears sockets for the upper teeth.

Zygomatic Bone

Zygomatic bone forms the prominence of the cheek.
The zygomaticofacial foramen 1is seen on its
surface.

Mandible

Mandible forms the lower jaw. The upper border or
alveolar arch lodges the lower teeth. The lower
border



and

or base is rounded. The middle point of the base is
called the mental point or gnathion. The anterior
surface of the body of the mandible presents: (a) The
symphysis menti, the mental protuberance and the
mental tubercles anteriorly; (b) the mental foramen
below the interval between the two premolar teeth,
transmitting the mental nerve and vessels; and (c)
the oblique line which runs upwards and backwards
from the mental tubercle to the anterior border of the
ramus of the mandible.

Sutures of the Norma Frontalis

1.Internasal
2.Frontonasal
3.Nasomaxillary
4.Lacrimomaxillary
5.Frontomaxillary
6.Intermaxillary
7.Zygomaticomaxillary
8.Zygomaticofrontal

Attachments

1.The medial part of the superciliary arch gives
origin to the corrugator supercilii muscle (Fig.
2.6).

2.The procerus muscle arises from the nasal bone
near the median plane (Fig. 1.6).

3.The orbital part of the orbicularis oculi arises
from the frontal process of the maxilla and from
the nasal part of the frontal bone (Fig. 2.6).

Procerus

Fig. 1.6: Procerus.

1.The medialpalpebral ligament is attached to the

frontal process of the maxilla between the frontal

and maxillary origins of the orbicularis oculi.
2.The levator labii superior alaeque nasi arises
from the frontal process of the maxilla in front of

the orbicularis oculi (Fig. 2.8).

3.The levator labii superioris arises from the

maxilla between the infraorbital margin and

the infraorbital foramen (Fig. 2.6).

4.The levator anguli oris arises from the canine

fossa.

5.The nasalis and the depressor septi arise from

the surface of the maxilla bordering the nasal

notch.

6.The incisive muscle arises from an area just

below the depressor septi (Fig. 1.7). It forms part

of orbicularis oris.

10. The zygomaticus major and minor arise from
the surface of the zygomatic bone (Fig. 2.7).

The zygomaticus minor muscle arises below the
zygomaticofacial foramen. The zygomaticus major
arises lateral to the minor muscle.

11. Buccinator arises from maxilla and mandible
opposite molar teeth and from pterygomandibular
raphe (Fig. 1.7). It also forms part of orbicularis oris.

Fig. 1.7: Fibres of orbicularis oris.
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Structures Passing through Fo;amina

1.The supraorbital notch or foramen transmits the
supraorbital nerves and vessels (Fig. 2.5).
2.The external nasal nerve emerges between the
nasal bone and the upper nasal cartilage.
3.The infraorbital foramen transmits the
infraorbital nerve and vessels (Fig. 2.19).

4. The zygomaticofacial foramen transmits the
nerve of the same name, a branch of maxillary
nerve.

5.The mentalforamen on the mandible transmits
the mental nerve and vessels.



NORMA LATERALIS

Bones

1. Frontal; 2. parietal; 3. occipital; 4. temporal;
5. sphenoid; 6. zygomatic; 7. mandible; 8. maxilla;
9. nasal (Fig. 1.8).

Features

1.The temporal lines have been studied in the
norma verticalis. The inferior temporal line, in
its posterior part, turns downwards and forwards
and becomes continuous with the supramastoid
crest on the squamous temporal bone near its
junction with the mastoid temporal. This crest
is continuous anteriorly with the posterior root
of the zygoma.
2.The zygomatic arch is a horizontal bar on the
side of the head, in front of the ear, a little above
the tragus. It is formed by the temporal process
of the zygomatic bone in anterior one-third
and the zygomatic process of the temporal bone
in posterior two-thirds. The zygomatico-tetnporal
suture crosses the arch obliquely downwards and
backwards.
The arch is separated from the side of the skull by
a gap which is deeper in front than behind. Its lateral
surface is subcutaneous. The anterior end of the
upper border is called the jugal point. The posterior
end of the zygoma is attached to the squamous
temporal bone by anterior and posterior roots. The
articular tubercle of the root of the zygoma lies on its
lower border, at the junction of the anterior and

Coronal suture

Osteology 9

posterior roots. The anterior root passes medially in
front of the articular fossa. The posterior root passes
backwards along the lateral margin of the mandibular
fossa, then above the external acoustic meatus to
become continuous with the supramastoid crest.
Two projections are visible in relation to these roots.
One is articular tubercle or tubercle of the root of
zygoma at its lower border. The other is visible just
behind the mandibular or articular fossa and is
known as postglenoid tubercle.

3. The external acoustic meatus opens just below
the posterior part of the posterior root of the zygoma.
Its anterior and inferior margins and the lower part
of the posterior margin are formed by the tympanic
plate; and the posterosuperior margin is formed by
the squamous temporal bone. The margins are
roughened for the attachment of the auricular
cartilage.

The suprameatal triangle is a small depression
posterosuperior to the meatus. It is bounded above
by the supramastoid crest; in front by the
posterosuperior margin of the external meatus; and
behind by a vertical tangent to the posterior margin
of the meatus. The suprameatal spine may be present
on the anteroinferior margin of the triangle. The
triangle forms the lateral wall of the tympanic or
mastoid antrum.

4. The mastoid part of the temporal bone lies just
behind the external acoustic meatus. It is continuous
anterosuperiorly with the squamous temporal bone.
A partially obliterated squamomastoid suture may be
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visible just in front of and parallel to the roughened
area for muscular insertions.

The mastoid temporal bone articulates
posterosuperiorly with the posteroinferior part of the
parietal bone at the horizontal parietomostoid suture;
and posteriorly with the squamous occipital bone at
the occipitomastoid suture. These two sutures meet at
the lateral end of the lambdoid suture. The asterion
is the point where the parietomastoid, occipitomastoid
and lambdoid sutures meet. In infants the asterion
is the site of the posterolateral or mastoid fontanelle,
which closes at the end of the first year (Figs 1.2, 1.3).

The mastoid process is a nipple-like large projection
from the lower part of the mastoid temporal bone,
posteroinferior to the external acoustic rneatus. It
appears during the second year of life. The
tynnpanomastoid fissure is placed on the anterior
aspect of the base of the mastoid process (Fig. 1.3).
The mastoid foramen lies at or near the occipito-
mastoid suture.

5. The styloid process is a needle like thin, long
projection from the norma basalis situated
anteromedial to the mastoid process. It is directed
downwards, forwards and slightly medially. Its base
is partly ensheathed by the tympanic plate. The apex
or tip is usually hidden from view by the posterior
border of the ramus of the mandible (Fig. 1.14).

(G. The temporal fossa. Boundaries: (a) Above, by
thetemporal line of the frontal bone, (b) Below, by the
upper border of the zygomatic arch laterally; and by
the infratemporal crest of the greater wing of the

Posterior branch

sphenoid bone medially. Through the gap deep to the
zygomatic arch, the temporal fossa communicates
with the infratemporal fossa, (c) The anterior wall is
formed, by the zygomatic bone and by parts of the
frontal and sphenoid bones. This wall separates the
fossa from the orbit (Figs 10.1, 10.2).

Floor: The anterior part of the floor is crossed by
an H-shaped suture where four bones; frontal,
parietal, sphenoid and temporal adjoin each other;
This area is termed the pterion. It lies 4 cm above the
midpoint of the zygomatic arch or 4 cm above the
zygoma and 2.5 cm behind the frontozygomatic
suture. Deep to the pterion there lie the middle
meningeal vein, the anterior division of the middle
meningeal artery, and the stem of the lateral sulcus of
the brain)(Fig. 1.9).

On the temporal surface of the zygomatic bone
forming the anterior wall of the fossa there is the
zygomatico-temporal foramen.

7. Infratemporal fossa. Boundaries: (a) The roof is
formed medially by the infratemporal surface of the
greater wing of the sphenoid and by a small part of
the squamous temporal bone. Laterally, the roof is
incomplete where the infratemporal fossa
communicates with the temporal fossa through the
gap deep to the zygomatic arch. The roof formed by
greater wing is pierced by the foramen ovale and by
the foramen spinosum. (b) The Jloor is open, (c) The
medial wall is formed by the lateral pterygoid plate
and the pyramidal process of the palatine bone,
(d) The lateral wall is formed by the ramus of the

1
Anterior branch

Pterion

Facial artery

Middle meningeal artery Fig. 1.9: Surface marking of facial artery and middle

meningeal artery with its anterior and posterior branches.



mandible, (e) The anterior watt is formed by the
infratemporal or posterior surface of the maxilla
and by the medial surface of the zygomatic bone.
The anterior and medial walls are separated in their
upper parts by the pterygomaxillary fissure through
which the infratemporal fossa communicates with
the pterygopalatine fossa. The upper end of the
pterygomaxillary fissure is continuous with the
anterior part of the inferior orbital fissure through
which the infratemporal fossa communicates with
the orbit, (f) The posterior watt is open (Fig. 15.11).

The contents of the fossa are described in Chapter
10.

8. Pterygopalatine fossa: It is described in Chapter
15.

Attachments

1.The temporal fascia is attached to the superior
temporal line and to the area between the two
temporal lines. Inferiorly, it is attached to the
outer and inner lips of the upper border of the
zygomatic arch.

2.The temporatts muscle arises from the whole of
the temporal fossa, except the part formed by
the zygomatic bone. Beneath the muscle there
lie the deep temporal vessels and nerves. The
middle temporal vessels produce vascular
markings on the temporal bone just above the
external acoustic meatus (Fig. 1.10).

Temporalis

1.The medial surface and lower border of the
zygomatic arch give origin to the masseter (Fig.
1.10).

2.The lateral ligament of the temporomandibular
joint is attached to the tubercle of the root of
the zygoma (Fig. 10.9).

3.The sternocleidomastoid, splentus capitis and
longissimus capitis are inserted in that order
from before backwards on the posterior part of
the lateral surface of the mastoid process (Fig.
1.15).

4.The gap between the zygomatic arch and the
side of the skull transmits: (a) The tendon of
the temporalis muscle; (b) the deep temporal
vessels; and (c) the deep temporal nerves.

Structures Passing Through Foramina

1.The tympanomastoid fissure on the anterior
aspect of the base of the mastoid process
transmits the auricular branch of the vagus
nerve.

2.The mastoid foramen transmits: (a) An emissary
vein connecting the sigmoid sinus with the
posterior auricular vein, and (b) a meningeal
branch of the occipital artery (Table 1.1).

3.The zygomaticotemporal foramen transmits the
nerve of the same name and a minute artery.

NORMA BASALIS

For convenience of study, the norma basalis is
divided arbitrarily into anterior, middle and posterior

Fig. 1.10: Temporalis and masseter muscles.
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Table 1.1: The emissary veins of the skull

Name Foramen of skull Veins outside skull Venous sinus
1.Parietal emissary vein Parietal foramen Mastoid Veins of scalp Veins of Superior sagittal
2.Mastoid emissary vein foramen Hypoglossal scalp Internal jugular vein Transverse sinus
3.Emissary vein canal Posterior condylar Suboccipital venous plexus Sigmoid sinus
4.Condylar emissary vein foramen Foramen lacerum Pharyngeal venous plexus Sigmoid sinus

5.2-3 emissary veins Foramen ovale Foramen Pterygoid venous plexus Cavernous sinus
6.Emissary vein caecum Veins of roof of nose Cavernous sinus
7.Emissary vein Superior sagittal sinus

parts. The anterior part is formed by the hard palate  Hard Palate
and the alveolar arches. The middle and posterior
parts are separated by an imaginary transverse line
passing through the anterior margin of the foramen
magnum (Fig. 1.11).

1.Formation: (a) Anterior two-thirds, by the
palatine processes of the maxillae and (b)
posterior one-third by the horizontal plates of
the palatine bones.

Anterior Part of Norma Basalis 2.8utures: The palate is crossed by a cruciform
suture made up of intermaxillary, interpalatine

Alveolar Arch and palatomaxillary sutures.
Alveolar arch bears sockets for the roots of the upper 3.Dome: (a) It is arched in all directions, and (b)
teeth. shows pits for the palatine glands.

Bony palate Foramen
magnum

External occipital protuberance Inferior nuchal line
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Fig. 1.11: Norma basalis. ~ Superior nuchal line



surface of the sphenoidal process of the palatine
bone. The canal opens anteriorly into the posterior
wall of the pterygopalatine fossa (Fig. 15.11).

1.The vomerovaginal canal The lateral border of
each ala of the vomer comes into relationship
with the vaginal process of the medial pterygoid
plate, and may overlap it from above to
enclose the vomerovaginal canal.

2.The broad bar of bone is marked in the median
plane by the pharyngeal tubercle a little in front of
the foramen magnum.

Lateral Area

1.The lateral area shows two parts of the sphenoid
bone—pterygoid process and greater wing.
Also seen are three parts of the temporal bone;
petrous temporal, tympanic plate and squamous
temporal.
2.The pterygoid process projects downwards from
the junction of the greater wing and the body of
the sphenoid behind the third molar tooth.
Inferiorly it divides into the medial and lateral
pterygoid plates which are fused together
anteriorly, but are separated posteriorly by the V-
shaped pterygoidfossa. The fused anterior borders
of the two plates articulate medially with the
perpendicular plate of the palatine bone, and
are separated laterally from the posterior surface
of the body of the maxilla by the pterygo-
maxillary fissure.
The medial pterygoid plate is directed backwards.
It has medial and lateral surfaces and a free posterior
border. The upper end of this border divides to

enclose a triangular depression called the scaphoid
fossa. Medial to this fossa there is a small pterygoid
tubercle which projects into the foramen lacerum. It
hides from view the posterior opening of the pterygoid
canal. The lower end of the posterior border is
prolonged downwards and laterally to form the
pterygoid hamulus (Fig. 1.13).

The lateral pterygoid plate is directed backwards
and laterally. It has medial and lateral surfaces and
a free posterior border. The lateral surface forms the
medial wall of the infratemporal fossa. The lateral
and medial surfaces give origin to muscles. The
posterior border sometimes has a projection called
the pterygospinous process which projects towards
the spine of the sphenoid (Fig. 1.13).

3. The infratemporal surface of the greater wing of
the sphenoid is pentagonal: (a) Its anterior margin
forms the posterior border of the inferior orbital
fissure; (b) its anterolateral margin forms the
infratemporal crest; (c) its posterolateral margin
articulates with the squamous temporal; (d) its
posteromedial margin articulates with petrous
temporal; and (e) anteromedially it is continuous
with the pterygoid process and with the body of the
sphenoid bone. The posteriormost point between the
posterolateral and posteromedial margins projects
downwards to form the spine of the sphenoid
(Fig. 1.14).

Along the posteromedial margin, the surface is
pierced by the following foramina: (a) The foramen
ovale is large and oval in shape. It is situated
posterolateral to the upper end of the posterior
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Fig. 1.14: Middle part of norma basalis.



border of the lateral pterygoid plate, (b) The foramen
spinosumis small and circular in shape. It is situated
posterolateral to the foramen ovale, and is limited
posterolaterally by the spine of the sphenoid (Fig.
1.14). (c) Sometimes there is the emissary sphenoidal
Jforamen or foramen ofVesalius. 1t is situated between
the foramen ovale and the scaphoid fossa. Internally,
it opens between the foramen ovale and the foramen
rotundum. (d) At times there is a canaliculus
innominatus situated between the foramen ovale and
the foramen spinosum.

The spine of the sphenoid may be sharply pointed
or blunt.

The sulcus tubae is the groove between the
posteromedial margin of the greater wing of the
sphenoid and the petrous temporal bone. It lodges
the cartilaginous part of the auditory tube. Posteriorly,
the groove leads to the bony part of the auditory tube
which lies within the petrous temporal bone (Figs
14.18, 14.19, 18.10).

4. The inferior surface of the petrous part of the
temporal bone is triangular in shape with its apex
directed forwards and medially. It lies between the
greater wing of the sphenoid and the basiocciput. Its
apex is perforated by the upper end of the carotid
canal, and is separated from the sphenoid by the
foramen lacerum. The inferior surface is perforated
by the lower end of the carotid canal posteriorly.

The carotid canal runs forwards and medially
within the petrous temporal bone.

The foramen lacerum is a short, wide canal, 1 cm
long. Its lower end is bounded posterolaterally by the
apex of the petrous temporal, medially by the
basiocciput and the body of the sphenoid, and
anteriorly by the root of the pterygoid process and
the greater wing of the sphenoid bone.

A part of the petrous temporal bone, called the
tegmen tympani is present in the middle cranial
fossa. It has a downturned edge which is seen in the
squamotympanic fissure and divides it into the
petrotympanic and petrosquamous fissures.

5. The tympanic part of the temporal bone also
called as the tympanic plate is a triangular curved
plate which lies in the angle between the petrous and
squamous parts. Its apex is directed medially and
lies close to the spine of the sphenoid. The base or
border is curved, free and roughened. Its anterior
surface forms the posterior wall of the mandibular
fossa. The posterior surface is concave and forms the
anterior wall, floor, and lower part of the posterior
wall of the bony external acoustic meatus. Its upper
border bounds the petrotympanic fissure. The lower
border is sharp and free. Medially it passes along
the anterolateral margin of the lower end of the
carotid canal; and /aterally it forms the anterolateral
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part of the sheath of the styloid process. Internally,
the tympanic plate is fused to the petrous temporal
bone {Fig. 1.14).

6. The squamous part of the temporal bone
forms: (a) The anterior part of the mandibular
articular fossa which articulates with the head of
the mandible to form the temporomandibular joint;
(b) the articular tubercle which is continuous with
the anterior root of the zygoma; and (c) a small
posterolateral part of the roof of the infratemporal
fossa (Fig. 10.8).

Posterior Part of Norma Basalis
Median Area

1.The median area shows from before backwards:
(a) The foramen magnum, (b) the external
occipital crest; and (c) the external occipital
protuberance.

2.The foramen magnum is the largest foramen of
the skull. It opens upwards into the posterior
cranial fossa, and downwards into the vertebral
canal. It is oval in shape, being wider behind than
in front where it is overlapped on each side by the
occipital condyles (Fig. 1.14).

3.The external occipital crestbegins at the posterior
margin of the foramen magnum and ends
posteriorly and above at the external occipital
protuberance.

4 The external occipital protuberance is a

projection located at the posterior end of the crest.

It is easily felt in the living, in the midline, at the

point where the back of the neck becomes

continuous with the scalp.

The superior nuchal lines begin at the external
occipital protuberance and the inferior nuchal lines
at the middle of the crest. Both of them curve laterally
and backwards and then laterally and forwards.

Lateral Area

1.The lateral area shows: (a) The condylar part of
the occipital bone; (b) the squamous part of
the occipital bone; (c) the jugular foramen
between the occipital and petrous temporal bones;
(d) the styloid process of the temporal bone; and
(e) the mastoid part of the temporal bone.

2.The condylar or lateral part of the occipital
bone presents the following, (a) The occipital
condyles are oval in shape and are situated on each
side of the anterior part of the foramen magnum.
Their long axis is directed forwards and
medially. They articulate with the superior
articular facets of the atlas vertebra to form the
atlanto-occipital joints, (b) The hypoglossalor
anterior condy lar canal pierces the bone
anterosuperior to the occipital condyle, and is



directed laterally and slightly forwards. (c) The
condylar



or posterior condylar canal is occasionally present in
the floor of a condylar fossa present behind the
occipital condyle. Superiorly it opens into the sigmoid
sulcus. (d) The jugular process of the occipital bone
lies lateral to the occipital condyle and forms the
posterior boundary of the j ugular foramen (Fig. 1.14).

1.Squamous pat of occipital bone. This is marked
by the superior and inferior nuchal lines
mentioned above.

2.The jugular foramen is large and elongated,
with its long axis directed forwards and medially.
It is placed at the posterior end of the petro-
occipital suture (Fig. 1.14).

At the posterior end of the foramen, its anterior
wall (petrous temporal) is hollowed out to form the
jugular fossa which lodges the superior bulb of the
internal jugular vein. The fossa is larger on the right
side than on the left.

The lateral wall of the jugular fossa is pierced by
a minute canal, the mastoid canaliculus. Near the
medial end of the jugular foramen there is the jugular
notch. At the apex of the notch there is an opening
that leads into the cochlear canaliculus (Fig. 1.14).

The tympanic canaliculus opens on or near the thin
edge of bone between the jugular fossa and the lower
end of the carotid canal.

5. The sty laid process will be described in Chapter
12.

The stylomastoid foramen is situated posterior to

the root of the styloid process, at the anterior end of
the mastoid notch.

6. The mastoid process is a large conical
projection located posterolateral to the stylomastoid
foramen. It is directed downwards and forwards.
It forms the lateral wall of the mastoid notch
(Fig. 1.3).

Attachments on Exterior of Skull

1.The posterior border of the hard palate provides
attachment to the palatine aponeurosis. The
posterior nasal spine gives origin to the musculus
uvulae (Fig. 1.15).

2.The palatine crest provides attachment to a
part of the tendon of the tensor veli palatini
muscle.

3.The attachments on the inferior surface of
the basioccipital are as follows:

The pharyngeal tubercle gives attachment to the
raphe which provides insertion to the upper fibres of
the superior constrictor muscle of the pharynx (Fig.
14.17). The area in front of the tubercle forms the
roof of the nasopharynx and supports the pharyngeal
tonsil. The longus capitis is inserted lateral to the
pharyngeal tubercle. The rectus capitis anterior is
inserted a little posterior and medial to the hypoglossal
canal (Fig. 1.15).

4. The attachments on the medial pterygoid plate
are as follows:

(a) The pharyngobasilar fascia is attached to the
whole length of its posterior border (Fig.
14.17).

Musculus uvulae

Medial pterygoid

Masseter

Tensor veli palatini Longus
capitis Rectus capitis lateralis
Rectus capitis posterior major

|- |Rectus capitis posterior minor

Lateral pterygoid



Levator veli palatini
X

Rectus capitis anterior .»

Digastric (posterior belly)

Splenius capitis
-Longissimus capitis

Sternocleidomastoid
Obliquus capitis superior
Trapezius
Occipitalis Semispinalis capitis

Fig. 1.75: Muscles attached to the base of skull.



(b)  The lower part of the posterior border, and

the pterygoid hamulus, give origin to the superior

constrictor of the pharynx. The upper part of

(c) the posterior border is notched by the

auditory tube, (d) The pterygomandibular raphe

is attached to the tip of the pterygoid hamulus.

5. The attachments on the lateral pterygoid plate
are as follows:

(a) Its lateral surface gives origin to the lower
head of the lateral pterygoid muscle (Fig.

(b) 1.16). Its medial surface gives origin to
the deep head of the medial pterygoid. The
small, superficial head of this muscles arises
from the maxillary tuberosity and the
adjoining part of the pyramidal process of
(c) the palatine bone. The pterygospinous
process gives attachment to the ligament of

the same name.

1.The infratemporal surface of the greater wing of
the sphenoid gives origin to the upper head of
the lateral pterygoid muscle, and is crossed by the
deep temporal and masseteric nerves.

2.The spine of the sphenoid is related laterally to
the auriculotemporal nerve, and medially to the
chorda tympani nerve and auditory tube. Its tip
provides attachment to the sphenomandibular
ligament. Its

Lateral pterygoid

\ Masseter
muscle

Fig. 1.16: Masseter and lateral pterygoid muscles.

anterior aspect gives origin to the most posterior
fibres of the tensor veli palatini muscle.

1.The inferior surface of the petrous temporal
bone gives origin to the leuatar veli palatini.

2.The margins of the foramen magnum provide
attachment to: (a) The anterior atlanto-
occipital membrane anteriorly; (b) the posterior
atlanto-occipital membrane posteriorly; and (c) the
alar ligaments on the roughened medial surface of
each occipital condyle (Figs 13.3, 13.4).

1.The ligamentum nuchae is attached to the
external occipital protuberance and crest.

2.The rectus capitis lateralis is inserted into the
inferior surface of the jugular process of the
occipital bone (Fig. 1.15).

3.The following are attached to the squamous
part of the occipital bone. The area between
the superior and inferior nuchal lines provides
insertion medially to the semispinalis capitis, and
laterally to the superior oblique muscle. The
area below the inferior nuchal line provides
insertion medially to the rectus capitis posterior
minor, and laterally to the rectus capitis posterior
major (Fig. 4.5).

4. The mastoid notch gives origin to the posterior
belly of the digastric muscle (Fig. 11.1).

Structures Passing Through Foramina

1.LEach incisiue foramen transmits: (a) The
terminal parts of the greater palatine uessels from
the palate to the nose; and (b) the terminal part
of the nosopalatine nerve from the nose to
the palate (Figs 15.5, 15.8).

2.The greater palatine foramen transmits:
(a) The greater palatine uessels, and (b) the
anterior palatine nerve, both of which run
forwards in the groove that passes forwards
from the foramen (Fig. 15.12).

3.The lesser palatineforamina transmit the middle
and posterior palatine nerves.

4.The palatinouaginal canal transmits: (a) A
pharyngeal branch from the pterygopalatine
ganglion; and (b) a small pharyngeal branch of
the maxillary artery.

5.The vomerovaginal canal (if patent) transmits
branches of the pharyngeal nerve from
pterygo palatine ganglion and vessels.

6.The foramen ovale transmits the mandibular
nerve, the lesser petrosal nerve, the
accessory meningeal artery, an emissary uein
connecting the cavernous sinus with the
pterygoid plexus of veins, and occasionally the
anterior trunk of the middle meningeal vein
(MALE).



ANTERIOR

7.The foramen spinosum transmits the middle
meningeal artery, the meningeal branch of
the mandibular nerve or nervus spinosus,
and the posterior trunk of the middle meningeal
vein.

8.The emissary sphenoidal foramen transmits an
emissary vein connecting the cavernous sinus
with the pterygoid plexus of veins.

9.When present the canalis innominatus transmits
the lesser petrosal nerve.

1.The carotid canal transmits the internal carotid
artery, and the venous and sympathetic
plexuses around the artery (Fig. 1.17).

2.The structures passing through the foramen
lacerum are as follows. During life the lower part
of the foramen is filled with cartilage, and no
significant structure passes through the whole
length of the canal, except for the meningeal
branch of the ascending pharyngeal artery and
an emissary vein from the cavernous sinus.
However, the upper part of the foramen is
traversed by the internal carotid artery with
venous and sympathetic plexuses around it. In the
anterior part of the foramen, the greater
petrosal nerve unites with the deep petrosal nerve
to form the nerve of the pterygoid canal which
leaves the

foramen by entering the pterygoid canal in the
anterior wall of the foramen lacerum (Fig. 1.17).

1.The medial end of the petrotympanic fissure
transmits the chorda tympani nerve and the
anterior tympanic artery.

2.The foramen magnum transmits the following
(Fig. 1.18).
Through wider posterior part
a. Lowest part of medulla oblongata
b. Three meninges.
Through the subarachnoid space
a. Spinal accessory nerves.
b. Vertebral arteries.

c. Sympathetic plexus around the vertebral
arteries.

d. Posterior spinal arteries.
e. Anterior spinal artery.
Through the narrow anterior part
a. Apical ligament of dens.
b. Vertical brand of cruciate ligament.
¢. Membrana tectoria (Fig. 13.3).

rnous sinus

Internal carotid artery with sympathetic plexus around it -

Pterygoid process---------
Nerve of pterygoid canal

b petrosal nerve

_ _ Greater petrosa! nerve

Emissary vein------------
Pterygoid plexus of veing--------

jere Lo Petrous temporal

POSTERIOR

Meningeal branch of ascending pharyngeal artery

Fig. 1.17: Diagram showing some relationships of the foramen lacerum.
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Lowest part of medulla oblongata

Posterior spinal artery

Fig. 1.18: Structures passing through foramen magnum.



1.The hypoglossal or anterior condylar canal
transmits the sypoglossalnerve, the
meningealbranch of the hypoglossal nerve, the
meningeal branch of the ascending pharyngeal
artery, and an emissary vein connecting the
sigmoid sinus with the internal jugular vein.

2.The posterior condylar canal transmits an
emissary vein connecting the sigmoid sinus with
the suboccipital venous plexus (Table 1.1).

3.The jugular foramen transmits the following
structures.

Through the anterior part
a. Inferior petrosal sinus

b. Meningeal branch of the ascending pharyngeal
artery.

Through the middle part
IXth, Xth and Xlth cranial nerves.
Through the posterior part
a. Internal jugular vein.
b. Meningeal branch of the occipital artery.

The glossopharyngeal notch near the medial end
of the jugular foramen lodges the inferior ganglion of
the glossopharyngeal nerve.

1.The mastoid canaliculus in the lateral wall of
the jugular fossa transmits the auricular branch
of the vagus. The nerve passes laterally through
the bone, crosses the facial canal, and emerges
at the tympanomastoid fissure. The nerve is
extracranial at birth, but becomes surrounded
by bone as the tympanic plate and mastoid
process develop.

2.The tympanic canaliculus on the thin edge of
the partition between the jugular fossa and
the carotid canal transmits the tympanic branch
of the glossopharyngeal nerve to the middle ear
cavity.

3.The stylomastoid foramen transmits the facial
nerve and the stylomastoid branch of the
posterior auricular artery.

INTERIOR OF THE SKULL

Before beginning a systematic study of the interior,
the following general points may be noted.

1.The cranium is lined internally by endocramum
which is continuous with the pericranium
through the foramina and sutures.

2.The thickness of the cranial vault is variable.
The bones covered with muscles, i.e. temporal
and posterior cranial fossae are thinner than those
covered with scalp. Further, the bones are thinner
in females than in males, and in children than
in adults.

3.Most of the cranial bones consist of: (a) An outer
table of compact bone which is thick, resilient
and tough; (b) an inner table of compact bone
which is thin and brittle; and (¢) the diploe which
consists of spongy bone filled with red marrow, in
between the two tables.

The skull bones derive their blood supply mostly
from the meningeal arteries from inside and very
little from the arteries of the scalp. Blood supply from
the outside is rich in those areas where muscles are
attached, e.g. the temporal fossa and the suboccipital
region. The blood from the diploe is drained by four
diploic veins on each side draining into venous
sinuses (Table 1.2).

Many bones like vomer, pterygoid plates do not
have any diploe.

Internal Surface of Cranial Vault

The shape, the bones present, and the sutures
uniting them have been described with the norma
verticalis.

The following features may be noted.

1. The inner table is thin and brittle. It presents
markings produced by meningeal vessels, venous
sinuses, arachnoid granulations, and to some extent
by cerebral gyri. It also presents raised ridges formed
by the attachments of the dural folds.

Table 1.2: Diploic veins

1.Frontal diploic vein

2.Anterior temporal or parietal diploic vein

3.Posterior temporal or parietal diploic vein
4.Occipital diploic vein (largest)

5.Small unnamed diploic veins

Supraorbital foramen

In the greater wing of sphenoid

Mastoid foramen Foramen
in occipital bone

Pierce inner table of skull close to the
margins of superior sagittal sinus

Drain into supraorbital vein

Sphenoparietal sinus or in anterior
deep temporal vein

Transverse sinus
Occipital vein or confluence of sinuses

Venous lacunae




1.The frontal crest lies anteriorly in the median
plane. It projects backwards.

2.The sagittal sulcus runs from before backwards
in the median plane. It becomes progressively
wider posteriorly. It lodges the superior sagittal
sinus.

3.The granular foveolae are deep, irregular, large,
pits situated on each side of the sagittal sulcus.
They are formed by arachnoid granulations.
They are larger and more numerous in aged
persons.

4.The vascular markings. The groove for the
anterior branch of the middle meningeal artery,
and the accompanying vein runs upwards 1 cm
behind the coronal suture. Smaller grooves for
the branches from the anterior and posterior
branches of the middle meningeal vessels
run upwards and backwards over the parietal
bone (Fig. 1.9).

5.The parietal foramina open near the sagittal
sulcus 2.5 to 3.75 cm in front of the lambdoid
suture.

Anterior cranial fossa
Frontal bone - -—

Sphenoid bone
-Middle cranial fossa
Temporal bone —

Parietal bone - _

Posterior cranial fossa —

Occipital bone *

7. The impressions for cerebral gyri are less
distinct. These become very prominent in cases of
raised intracranial tension.

Internal Surface of the Base of the Skull

The interior of the base of the skull presents natural
subdivisions into the anterior, middle and posterior
cranial fossae. The dura mater is firmly adherent to
the floor of the fossae and is continuous with the
pericranium through the foramina and fissures
(Fig. 1.19).

Anterior Cranial Fossa
Boundaries

Anteriorly and on the sides, by the frontal bone (Fig.
1.20).

== Crista galli
= - Cribriform plate

- Posterior margin of lesser wing of sphenoid
-- Anterior clinoid process

- Superior edge of petrous temporal bone
I~. Posterior clinoid process

- Foramen magnum

Fig. ]. 79: The cranial fossae. The boundaries of the bones present in the floor of the fossae are shown in interrupted lines.

Lesser wing of sphenoid -
Jugum sphenoidale

A Anterior clinoid process

Fig. 7.20; Some features to be seen in the anterior cranial fossa.
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Foramen rotundum

Foramen ovale
Foramen spinosum

Sphenoidal angle of parietal bone —
Groove for middle meningeal artery

Squamous temporal —

Outline of legmen tympani -

Posteriorly, it is separated from the middle cranial
fossa by the free posterior border of the lesser wing of
the sphenoid, the anterior clinoid process, and the
anterior margin of the sulcus chiasmaticus.

Floor

In the median plane, it is formed anteriorly by the
cribriform plate of the ethmoid bone, and posteriorly
by the superior surface of the anterior part of the
body of the sphenoid or jugum sphenoidale.

On each side, the floor is formed mostly by the
orbital plate of the frontal bone, and is completed
posteriorly by the lesser wing of the sphenoid.

Other Features

r

\\'. The cribriformplate of the ethmoid bone separates
the anterior cranial fossa from the nasal cavity. It is
quadrilateral in shape) (a) The anterior margin
articulates with the frontal bone at thefrontoethmoidal
suture which is marked in the median plane by the
foramen caecum. This foramen is usually blind, but
is occasionally patent, (b) The posterior margin
articulates with the jugum sphenoidale. At the
posterolateral corners we see the posterior ethmoidal
canals, (c) Its lateral margins articulate with the
orbital plate of the frontal bone: the suture between
them presents the anterior ethmoidal canal placed
behind the crista galli (Fig. 1.20).

Anteriorly, the cribriform plate has a midline
projection called the crista galli. On each side of the
crista galli there are foramina through which the

anterior ethmoidal nerve and vessels pass to the
nasal cavity. The plate is also perforated by numerous
foramina for the passage of olfactory nerve rootlets.

1.The jugum sphenoidale separates the anterior
cranial fossa from the sphenoidal sinuses.

2.The orbital plate of the frontal bone separates
the anterior cranial fossa from the orbit. It
supports the orbital surface of the frontal lobe of
the brain, and presents reciprocal impressions. The
frontal air sinus may extend into its anteromedial
part. The medial margin of the plate covers the
labyrinth of the ethmoid; and the posterior margin
articulates with the lesser wing of the sphenoid.

3.The lesser wing of the sphenoid is broad medially
where it is continuous with the jugum
sphenoidale and tapers laterally. The free posterior
border fits into the stem of the lateral sulcus of
the brain. It ends medially as a prominent
projection, the anterior clinoid process.
Inferiorly, the posterior border forms the upper
boundary of the superior orbital fissure.
Medially, the lesser wing is connected to the body
of the sphenoid by anterior and posterior roots,
which enclose the optic canal (Fig 1.21).

CLINICAL ANATOMY

Fracture of the anterior cranial fossa may cause
bleeding and discharge of cerebrospinal fluid
through the nose. It may also cause a condition
called black eye which is produced by seepage of
blood into the eyelid.

Superior orbital fissure
Optic canal
Sulcus chiasmaticus

-Anterior clinoid process
-Tuberculum sellae ~

Fig. 7.27: Spme features to be
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Trigeminal impression *e
Hiatus for lesser petrosal nerve Arcuate eminence Superior
edge of petrous temporal — Mastoid angle of parietal bone

Hiatus for greater petrosal nerve
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Middle Cranial Fossa) %,

It is deeper than the anterior cranial fossa, and is
shaped like a butterfly, being narrow and shallow in
the middle; and wide and deep on each side.

Boundaries

Anterior: (a) Posterior border of the lesser wing of the
sphenoid; (b) anterior clinoid process; and (c) anterior
margin of the sulcus chiasmaticus (Fig. 1.21).

Posterior: (a) Superior border of the petrous tem-
poral bone; and (b) the dorsurn sellae of the sphenoid.

Lateral: (a) Greater wing of the sphenoid; (b) ante-
roinferior angle of the parietal bone; and (c) the
squamous temporal bone in the middle.

Floor: Floor is formed by body of sphenoid in the
median region and by greater wing of sphenoid,
squamous temporal and anterior surface of petrous
temporal on each side.

Other Features
Median Area

The body of the sphenoid presents the following
features.

(a) The sulcus chiasmaticus or optic groove leads,
on each side, to the optic canal. The optic chiasma
does not occupy the sulcus; it lies at a higher level
well behind the sulcus.

ub) The optic canal leads to the orbit. It is
bounded laterally by the lesser wing of the
sphenoid, in front and behind by the two roots of
the lesser wing, and medially by the body of the
sphenoid.)

(¢) The sella turcica. The upper surface of the body
of the sphenoid is hollowed out in the form of a
Turkish saddle, and is known as the sella turcica. It
consists of the tuberculum sellae in front, the
hypophyseal fossa in the middle and the dorsum
sellae behind. The tuberculum sellae separates the
optic groove from the hypophyseal fossa. Its lateral
ends form the middle clinoid process which may join
the anterior clinoid process. The hypophyseal fossa
lodges the hypophysis cerebri. Beneath the floor of
the fossa lie the sphenoidal air sinuses. The dorsum
sellae is a transverse plate of bone pro] ecting upwards;
it forms the back of the saddle. The superolateral
angles of the dorsum sellae are expanded to form the
posterior clinoid processes.

Lateral Area

1.The lateral area is deep and lodges the temporal
lobe of the brain.

2.It is related anteriorly to the orbit, laterally to the
temporal fossa, and inferiorly to the
infratemporal fossa.

3.The superior orbital fissure opens anteriorly
into the orbit. It is bounded above by the lesser
wing,



below by the greater wing, and medially by the body
of the sphenoid. The medial end is wider than the
lateral. The long axis of the fissure is directed laterally,
upwards and forwards. The lower border is marked by
a small projection, which provides attachment to the
common tendinous ring ofZinn. The ring divides the
fissure into three parts.

1.The greater wing of the sphenoid presents the
following features: (a) The foramen rotundum lies
posteroinferior to the medial end of the superior
orbital fissure. It leads anteriorly to the pterygo-
palatine fossa containing pterygopalatine ganglia
(Table 1.3). (b) The foramen ovale lies posterolateral
to the foramen rotundum and lateral to the lingula.
It leads inferiorly to the infratemporal fossa, (c) The
foramen spinosum lies posterolateral to the foramen
ovale. It also leads, inferiorly, to the infratemporal
fossa. (d)The emissary sphenoidalforamen or foramen
of Vesalius. These foramina have been seen on the
base of the skull, (e) The grooue for the middle
meningeal vessels leads forwards from the foramen
spinosum (Fig. 1.21).

2.The foramen lacerum lies at the posterior end of the
carotid groove and posteromedial to the foramen
ovale. Its upper end is bounded posterolaterally by
the apex of the petrous temporal bone, and
anteromedially by the body of the sphenoid and by
the posteromedial margin of the greater wing.

3.The anterior surface of the petrous temporal bone
presents the following features: (a) The trigeminal
impression lies near the apex, behind the foramen
lacerum. It lodges the trigeminal ganglion within its
dural cave (Figs 6.11,6.12). (b) The hiatus and groove
for the greater petrosal nerve are present lateral to the
trigeminal impression. They lead to the foramen
lacerum. (c) The hiatus and groove for the lesser
petrosal nerve, lie lateral to the hiatus for the greater
petrosal nerve. They lead to the foramen ovale or to
the canaliculus innominatus. (d) Still more laterally
there is the arcuate eminence which is produced by
the superior semicircular canal, (e) The tegmen
tympani is a thin plate of bone anterolateral to the
arcuate eminence. It forms a continuous sloping roof
for the tympanic antrum, for the tympanic cavity and
for the canal for the tensor tympani. The lateral margin
of the tegmen tympani is turned downwards; it forms
the lateral wall of the bony auditory tube. Its lower
edge is seen in the squamotympanic fissure and
divides it into the petrotympanic and petrosquarnous
fissures.

7. The cerebral surface of the squamous temporal
bone is concave. It shows impressions for the temporal
lobe and grooves for branches of the middle meningeal
vessels. Its lower border is united to the anterior
surface of the petrous temporal, but traces of the



Table 1.3: Connections of parasympathetic ganglia

Ganglia Sensory Sympathetic Secretomotor Motor root Distribution
root root root
Ciliary From nasociliary  Plexus along Edinger- Westphal i) Ciliaris muscles and
nerve. ophthalmic artery. nucleus -» ii) Sphincter pupillae
oculomotor nerve
-» nerve to inferior
oblique.
Otic Branch from Plexus along Inferior salivatocy Branch from nerve i) Secretomotor to
auriculotemporal ~ middle meningeal nucleus -> to medial parotid gland via
nerve. artery. glossopharyngeal pterygoid. auriculotemporal nerve,
nerve -> tympanic ii) Tensor veil palatini and
branch —> tympanic tensor tympani via nerve
plexus —> lesser to med. pterygoid
petrosal nerve. (unrelayed).
Pterygopalatine 2 branches from Superior salivatory i) Mucous glands of
maxillary nerve. Deep petrosal from nucleus, and nose, paranasal sinuses,
plexus around lacrimatory nucleus palate, nasopharynx, ii)
internal carotid -» nervus Some fibres pass
artery. intermedius -> facial through zygomatic nerve
nerve -> geniculate - zytemp. nerve
ganglion —» greater -communicating br. to
petrosal nerve. + lacrimal nerve - lacrimal
deep petrosal nerve gland.
= nerve of pterygoid
canal.
i) Submandibular,
Submandibular 2 branches from Superior salivatory i) Sublingual and

lingual nerve.

Branch from plexus
around facial art.

nucleus -> facial
nerve -> chorda

i) Anterior lingual
glands.

tympani-joins the
lingual nerve.

petrosquamosal suture are often seen even in the
adult.

CLINICALANATOMY Fracture of

the middle cranial fossa produces:

(a) Bleeding and discharge of CSF through the
ear; (b) bleeding through the nose or mouth may
occur due to involvement of the sphenoid bone;
and (c) the seventh and eighth cranial nerves may
be damaged if the fracture also passes through the
internal acoustic meatus. If a semicircular canal
is damaged, vertigo may occur.

The middle cranial fossa is most commonly
fractured. The fracture line usually follows a
definite course. It begins at the parietal tuber
which is usually the site of injury and passes
through the parietal bone, the squamous temporal,
and the petrous temporal bones usually involving
the tegmen tympani, and frequently involving the
internal acoustic meatus and the foramen ovale.

| Posterior Cranial Fossa”. *<e 'j-*

r flp fry*
This is the largest and deepest of the three cranial
fossae. The posterior cranial fossa contains the
hindbrain which consists of the gerebettum behind
and the pans and medulla in front.

Boundaries

Anterior: (a) Superior border of the petrous temporal
bone; and {b) the dorsum sellae of the sphenoid bone
(Fig. 1.22).
Posterior: Squamous part of the occipital bone.
On each side: (a) Mastoid part of the temporal bone
and (b) the mastoid angle of the parietal bone.

Floor

Median area: (a) Sloping area behind the dorsum
sellae or clivus in front; (b) the foramen magnum in
the middle; and (c) the squamous occipital behind.
Lateral area: (a) Condylar or lateral part of occipital
bone; (b) posterior surface of the petrous temporal
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Fig. 1.22: Some features to be seen in the posterior cranial fossa.

bone; (¢) mastoid temporal bone; and (d) mastoid
angle of the parietal bone.

Other Features

1. Median Area

1. The clivus is the sloping surface in front of the
foramen magnum. It is formed by fusion of the
posterior part of the body of the sphenoid including
the dorsum sellae with the basilar part of the occipital
bone or basiocciput. It is related to the basilar plexus
of veins, and supports the pons and medulla (Fig.
1.22).

On each side, the clivus is separated from the
petrous temporal bone by the petro-occipital fissure
which is grooved by the inferior petrosal sinus, and
is continuous behind with the jugular foramen.

1.The foramen magnum lies in the floor of the

fossa. It is bounded anteriorly by the
basiocciput, posteriorly by the squamous part of
the occipital bone, and on each side by the
condylar part of the occipital bone. The anterior
part of the foramen is narrow because it is
overlappedby the medial surfaces of the occipital
condyles.

2. The squamous part of the occipital bone shows
the following features, (a) The internal occipital
crest runs in the median plane from the internal
occipital protuberance to the foramen magnum
where it forms a shallow depression, the vermian
fossa, (b) The internal occipital protuberance
lies opposite the external occipital
protuberance. It is related to the confluence of
sinuses, and is grooved on each side by the
beginning of the transverse sinuses, (c) The

transverse sulcus is quite wide and runs laterally
from the internal occipital protuberance to the
mastoid angle of the parietal bone where it becomes
continuous with the sigmoid sulcus. The transverse
sulcus lodges the transverse sinus. The right
transverse sulcus is usually wider than the left and
is continuous medially with the superior sagittal
sulcus. (d) On each side of the internal occipital crest
there are deep fossae which lodge the cerebellar
hemispheres.

//. Lateral Area

1.The condylar part of the occipital bone is marked
by the following: (a) The jugular fubercle lies over
the occipital condyle. (b) The hypoglossal canal
pierces the bone posteroanterior to the jugular
tubercle and runs obliquely forwards and laterally
along the line of fusion between the basilar and
the condylar parts of the occipital bone, (c) The
condylar canal opens in the lower part of the
sigmoid sulcus which indents the jugular process
of the occipital bone (Fig. 1.22).

2.The posterior surface of the petrous part of the
temporal bone forms the anterolateral wall of
the posterior cranial fossa. The following features
may be noted: (a) The internal acoustic meatus
opens above the anterior part of the jugular
foramen. It is about one cm long and runs
transversely in a lateral direction. It is closed
laterally by a perforated plate of bone known as
lamina cribrosa which separates it from the internal
ear. (b) The orifice of the aqueduct of the
vestibule is a narrow slit lying behind the
internal acoustic meatus. (c) The subarcuate
fossa



lies below the arcuate eminence, lateral to the

internal acoustic meatus.
1.The jugular foramen lies at the posterior end of
the petro-occipital fissure between the deep
jugular notch of the petrous temporal bone
above and the shallow jugular notch of the
occipital bone below. The upper margin is sharp
and irregular, and presents the glossopharyngeal
notch. The lower margin is smooth and regular.

2.The mastoid part of the temporal bone forms the
lateral wall of the posterior cranial fossa just
behind the petrous part of the bone. Anteriorly, it
is marked by the sigmoid sulcus which begins as a
downward continuation of the transverse sulcus
at the mastoid angle of the parietal bone, and
ends at the jugular foramen. The sigmoid
sulcus lodges the sigmoid sinus which become
the internal jugular vein at the jugular foramen.
The sulcus is related anteriorly to the tympanic
antrum. The mastoid foramen opens into the
upper part of the sulcus.

CLINICAL ANATOMY

Fracture of the posterior cranial fossa causes
bruising over the mastoid region extending down
over the sternocleidomastoid muscle.

Attachments and Relations of the Interior of the Skull
Attachment on Vault

1.The frontal crest gives attachment to the falx
cerebri (Fig. 1.20).

2.The lips of the sagittal sulcus give attachment
to the falx cerebri (Fig. 6.2).

Anterior Cranial Fossa

1.The crista galli gives attachment to the falx
cerebri.

2.The orbital surface of the frontal bone supports
the frontal lobe of the brain.

3.The anterior clinoid processes give attachment

to the free margin of the tentorium cerebelli
(Fig. 6.3).

Middle Cranial Fossa

1.The middle cranial fossa lodges the temporal
lobe of the cerebral hemisphere.

2.The tuberculum sellae provides attachment to
the diaphragma sellae (Fig. 6.5).

3.The hypophyseal fossa lodges the hypophysis
cerebri.

4.The upper margin of the dorsum sellae provides
attachment to the diaphragma sellae; and
the

posterior clinoid process to the anterior end of the
attached margin of the tentorium cerebelli, and to
the petrosphenoidal ligament (Fig. 6.3).
1.0ne cavernous sinus lies on each side of the
body of the sphenoid. The internal carotid
artery passes through the cavernous sinus (Fig.
6.6).
2.The superior border of the petrous temporal
bone is grooved by the superior petrosal sinus
and provides attachment to the attached margin
of the tentorium cerebelli. It is grooved in its
medial part by the trigeminal nerve.

Posterior Cranial Fossa

1.The posterior cranial fossa contains the
hindbrain which consists of the cerebellum
behind, and the pons and medulla in front.
2.The lower part of the clivus provides attachment
to the apical ligament of the dens near the
foramen magnum, upper vertical band of
cruciate ligament and to the membrana tectoria
just above the apical ligament (Fig. 1.22).

3.The internal occipital crest gives attachment to
the falx cerebelli.

4.The jugular tubercle is grooved by the ninth,
tenth and eleventh cranial nerves as they pass to
the jugular foramen.

5. The subarcuate fossa on the posterior surface of
the petrous temporal bone lodges the flocculus of
the cerebellum.

Structures Passing Through Foramina

The following foramina seen in the cranial fossae
have been dealt with under the normal basalis:
foramen ovale, foramen spinosum, emissary
sphenoidal foramen, foramen lacerum, foramen
magnum, jugularforamen, hypoglossal canal, and
posterior condylar canal. Additional foramina seen
in the cranial fossae are as follows.

1.The foramen caecum in the anterior cranial
fossa is usually blind, but occasionally it
transmits a vein from the upper part of the nose to
the superior sagittal sinus.

2.The posterior ethmoidal canals transmit the
vessels of the same name. Note that the nerves do
not pass through the canals as they terminate
earlier.

3.The anterior ethmoidal canals transmit the
corresponding nerves and vessels.

4.The optic canal transmits the optic nerve and
the ophthalmic artery.

5.The three parts of the superior orbital fissure

(Fig. 7.4) transmit the following structures:

Lateral part: (a) Lacrimal nerve; (b) frontal nerve;
(c) trochlear nerve; (d) superior ophthalmic vein;



(a)meningeal branch of the lacrimal artery; and
(b)anastomotic branch of the middle meningeal artery
which anastomoses with the recurrent branch of the
lacrimal artery.

Middle part: (a) Upper and lower divisions of the
oculomotor nerve; (b) nasociliary nerve in between
the two divisions of the oculomotor; and (c) the
abducent nerve, inferolateral to the foregoing nerves.

Medial part: (a) Inferior ophthalmic vein and (b)
sympathetic nerves from the plexus around the
internal carotid artery.

1.The foramen rotundum transmits the maxillary

nerve (Fig. 15.13).

2.The internal acoustic meatus transmits the

seventh and eighth cranial nerves and the

labyrinthine vessels (Fig. 9.7).

Principles Governing Fractures of the Skull

1.Fractures of the skull are prevented by: (a) Its
elasticity; (b) rounded shape; (c) construction
from a number of secondary elastic arches, each
made up of a single bone; and (d) the muscles
covering the thin areas.

2.Since the skull is an elastic sphere filled with
the semifluid brain, a violent blow on the
skull produces a splitting effect commencing at
the site of the blow and tending to pass along the
lines of least resistance.
3.The base of the skull is more fragile than the
vault, and is more commonly involved in
such fractures, particularly along the foramina.
4.The inner table is more brittle than the outer
table. Therefore, fractures are more extensive on
the inner table, causing considerable damage
to the brain. Occasionally only the inner table is
fractured and the outer table remains intact.
5. The common sites of fracture in the skull are: (a)
The parietal area of the vault; and (b) the
middle cranialfossa of the base. This fossa is
weakened by numerous foramina and canals.
The facial bones commonly fractured are: (a)
The nasal bone and (b) the mandible.

THE ORBIT

The orbits are pyramidal bony cavities, situated one
on each side of the root of the nose. They provide
sockets for rotatory movements of the eyeballs. They
also protect the eyeballs.

Shape and Disposition

Each orbit resembles a four-sided pyramid on one
side. Thus it has: (a) An apex situated at the posterior

end of the orbit at the medial end of superior orbital
fissure; (b) a base the orbital opening on the face; and
(¢) four walls: roof, floor, lateral and medial walls
(Fig. 1.5).

The long axis of the orbit passes backwards and
medially. The medial walls of the two orbits are
parallel and the lateral walls are set at right angles
to each other (Fig. 1.23).

'|Fig. 1.23: Diagram
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comparing |
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Optic nerve ”"\\‘\:\\ It is concave from

\\> side to side. It is

formed (ah mainly by the orbital plate
of the frontal bone; and (b) is completed

posteriorly by the lesser wing of the sphenoid (Fig.
1.24).

Relations

(a) It separates the orbit from the anterior cranial
fossa, (b) The frontal air sinus may extend into its
anteromedial part.

Named Features

(a) The lacrimal fossa, placed anterolaterally, lodges
the lacrimal gland, (b) the optic canal lies posteriorly,
at the junction of the roof and medial wall, (c) the
trochlear fossa, lies anteromedially. It provides
attachment to the fibrous pulley or trochlea for the
tendon of the superior oblique muscle.

Lateral Wall

This is the thickest and strongest of all the walls of
the orbit. It is formed: (a) By the anterior surface of
the greater wing of the sphenoid bone posteriorly;
and (b) the orbital surface of the frontal process of the
zygomatic bone anteriorly.

Relations

(a) The greater wing of the sphenoid separates the
orbit from the middle cranial fossa, (b) The zygomatic
bone separates it from the temporal fossa.
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(2)IVre superior orbitalfisswe occupies the posterior
parf of the junction between the roof and lateral wall.
(b) e foramen for the zygomatic nerve is seen in the
zygpmatic bone, (c) Whitnall's or zygomatic tubercle is
a pglpable elevation on the zygomatic bone just
within the orbital margin. It provides attachment to
theJlateral check ligament of the eyeball.

ed Features

Flo

It sjopes upwards and medially to join the medial
wall. It is formed: (a) Mainly by the orbital surface of
the maxilla; (b) by the lower part of the orbital surface
of the zygomatic bone, anterolaterally; and (c) the
orbital process of the palatine bone, at the posterior
angle. AR

Relation
It separates the orbit from the maxillary sinus.

Named Features

(a) The inferior orbital fissure occupies the posterior
part of the junction between the lateral wall and
floor. Through this fissure the orbit communicates
with|the infratemporal fossa anteriorly and with the
pteryigopalatine fossa posteriorly, (b) The infraorbital
groope runs forwards in relation to the floor, (c) A
small depression on the anteromedial part of the
floot] gives origin to the inferior oblique muscle.

i

Medial Wall

66‘ very thin. From before backwards it is
ormed by: (a) The frontal process of the
maxilla; (b) the lacrimal bone; (c) the orbital plate of
the ethmoid; and (d) the body of the sphenoid
bone.)

It 1S

Relations

(a) The lacrimal groove, formed by the maxilla and
the lacrimal bone, separates the orbit from the nasal
cavity, (b) The orbital plate of the ethmoid separates
the orbit from the ethmoidal air sinuses, (¢) The
sphenoidal sinuses, are separated from the orbit
only by a thin layer of bone.

Named Features

f(a) The lacrimal groove lies anteriorly on the medial
wall. It is bounded anteriorly by the lacrimal crest of
the frontal process of the maxilla, and posteriorly by
the crest of the lacrimal bone. The floor of the groove
is formed by the maxilla in front and by the lacrimal
bone behind. The groove lodges the lacrimal sac
which lies deep to the lacrimal fascia bridging the
lacrimal groove. The groove leads inferiorly, through
the nasolacrimal canal, to the inferior meatus of the
nosey (b) The anterior andposterior ethrnoidalforamina
lietm the frontoethmoidal suture, at the junction of
the roof and medial wall.

Foramina in Relation to the Orbit

1. The structures passing through the optic canal
and through the superior orbital fissure have been
described in cranial fossae (Fig. 7.4).



/2. The inferior orbital fissure transmits the  Structure of Bones
zygomatic nerve, the orbital branches of the
pterygopalatine ganglion, the infraorbital nerve and
vessels, and the communication between the inferior
ophthalmic vein and the pterygoid plexus of veins

The bones of the cranial vault are smooth and
unilamellar; there is no diploe. The tables and diploe
appear by fourth year of age (Fig. 1.25) and Table 1.2.

(Fig. 15.12). Bony Prominences
1.The infraorbital groove and canal transmit the y ' ‘
corresponding nerve and vessels. 1.Frontal and parietal tubera are prominent.
2.The zygomatic foramen transmits the zygomatic 2.Glabella, superciliary arches and mastoid
nerve. processes are not developed.

3.The anterior ethmoidal foramina transmit the o
corresponding nerves and vessels. Ossification of Bones

Posterior ethmoidal foramina only transmit 1.Two halves of frontal bone are separated by
vessels. V metopic suture.

2.The mandible is also present in two halves. It is a
derivative of the first branchial arch (Table 1.4).

FOETAL SKULL

_ . 3.0ccipital bone is in four parts (squamous one,
Dimensions condylar two, and basilar one).

I . Skull is large in proportion to the other parts 4.The four bony elements of temporal bone are
of skeleton. separate, except for the commencing union of

1.Foetal skeleton is small as compared to calvaria. the tympanic part with the squamous and petrous

In foetal skull, the facial skeleton is 1 /8th of parts. The second centre for styloid process

calvaria; in adults, it is half of calvaria. The foetal has not appeared.

skeleton is small due to rudimentary mandible 5. Unossified membranous gaps a total of 6

and maxillae, non-eruption of teeth, and small fontanelles at the angles of the parietal bones are

size of maxillary sinus and nasal cavity. The present (Fig. 1.2).

large size of calvaria is due to precocious growth

of brain. Paranasal Air Sinuses

2.Base of the skull is short and narrow, though
internal ear is almost of adult size the
petrous temporal has not reached the adult
length.

These are rudimentary or absent.

Posterior temporal - __ Anterior temporal

Occipital



Frontal

Fig. 7.25: Diploic veins.



Table 1.4: Mesodermal derivatives of pharyngeal/branchial arches

The bones, cartilages, ligaments of arches are formed from neural crest derived mesenchyme. Mesoderm giving origin to the muscles is
derived from unsegmented para-axial mesenchyme of head, the somatomeres

Arch Skeletal elements Muscles Nerve

| Arch Incus Muscles of mastication, i.e. temporalis, = Mandibular division of
(a) Maxillary swelling Malleus, anterior ligament of masseter, lateral and medial pterygoid,  V nerve
palatopterygo-quadrate malleus and sphenomandibular tensor veli palatini, levatorveli palatini,

cartilage (b) Mandibular
swelling (Meckel's
cartilage)

d

ligament. Most of the mandible
(intramembranous ossification)

igastric

mylohyoid and anterior belly of

Note: By intramembranous ossification of mesenchyme of | arch, maxilla, zygomatic, squamous part of temporal are developed

Il Arch
Reichert's cartilage

Stapes, styloid process, stylo-
hyoid ligament, lesser cornua and

Muscles

of facial expression Facial nerve (VII)

and occipitofrontalis,

upper half of body of hyoid auricular muscles, platysma,
stylohyoid and posterior belly
of digastric
| Arch Greater cornua of hyoid and Stylopharyngeus Glossopharyngeal nerve (IX
lower half of hyoid bone nerve)

IV and VI Arch Thyroid, cricoid, arytenoid, Cricothyroid, constrictors of External laryngeal and
cuneiform and corniculate pharynx and other muscles recurrent laryngeal branches
cartilages of larynx of vago-accessory complex

Temporal Bone 1.Tympanic membrane faces more downwards

1.The internal ear, tympanic cavity, tympanic
antrum, and ear ossicles are of adult size (Table
L.5).

2.The tympanic partis represented by an
incomplete tympanic ring.

3.Mastoid process is absent, it appears during
the later part of second year.

4.External acoustic meatus is short and straight.
Its bony part is unossified and represented by
a flbrocartilaginous plate.

than laterally due to the absence of mastoid
process (Table 1.6).

2.Stylomastoid foramen is exposed on the lateral
surface of the skull because mastoid portion is
flat.

3.Styloid process lies immediately behind the
tympanic ring and has not fused with the
remainder of the temporal bone.

4Mandibular fossa is flat and placed more
laterally, and the articular tubercle has not
developed.

Table 1.5: Derivatives of endodermal pouches

Derivative
s

Pharyngeal
pouch

Dorsal ends of | and Il pouches form «
Tubotympanic recess

Ventral part of Il pharyngeal pouch

IPharyngeal pouch

IIPharyngeal pouch

IlIPharyngeal pouch (ultimobranchial body)




Proximal part of tubotympanic recess gives
rise to auditory tube

Distal part gives rise to tympanic cavity
and mastoid antrum. Mastoid cells develop
at

about two years of age

Epithelium covering the palatine tonsil
and tonsillar crypts, lymphoid tissue is
mesodermal in origin

Thymus and inferior parathyroid gland or
parathyroid lll. Thymic epithelial reticular
cells and Hassall's corpuscles are
endodermal. Lymphocytes are derived
from haemopoietic stem cells during 12th
week

Sup

erio

par
athy
roid
or
par
athy

roid

Par
afoll
icul
ar

or

cell
s of
the
thyr
oid

glan



Table 1.6: Derivatives of ectodermal clefts

Dorsal part of | ectodermal cleft —

Epithelium of external auditory meatus

Auricle

Six auricular hillocks; three from | arch and three from Il arch

Rest of ectodermal clefts obliterated by the overgrowth of Il pharyngeal arch. The closing membrane of the first cleft is the tympanic

membrane

9. The subarcuate fossa is very deep and
prominent.

10. Facial canal is short.

Orbits

These are large. The germs of developing teeth lies
close to the orbital floor.

POSTNATAL GROWTH OF SKULL

The growth of calvaria and facial skeleton proceeds
at different rates and over different periods. Growth
of calvaria is related to growth of brain, whereas that
of the facial skeleton is related to the development of
dentition, muscles of mastication, and of the tongue.
The rates of growth of the base and vault are also
different.

Growth of the Vault

1.Rate: Rapid during first year, and then slow up
to the seventh year when it is almost of adult
size.

2.Growth in breadth: This growth occurs at the
sagittal suture, sutures bordering greater
wings, occipitomastoid suture, and the petro-
occipital suture at the base.

3.Growth in height: This growth occurs at the
frontozygomatic suture, pterion, squamosal
suture, and asterion.

4.Growth in anteroposterior diameter: This growth
occurs at the coronal and lambdoid sutures.

Growth of the Base

The base grows in anteroposterior diameter at the
three cartilaginous plates situated between the
occipital and sphenoid bones, between the pre- and
postsphenoids, and between the sphenoid and
ethmoid.

Growth of the Face

1.Growth of orbits and ethmoid is complete by
seventh year.

2.In the face, the growth occurs mostly during
first year, although it continues till puberty and
even later.

Closure of Fontanelles

Anterior fontanelle by 18 months: posterior fontanelle
by 2-3 months; sphenoidal fontanelle by 2-3 months;
and mastoid fontanelle by 12 months (Fig. 1.2).

. Thickening of Bones

1.Two tables and diploe appear by fourth year.
Differentiation reaches maximum by
about thirty-five years, when the diploic veins
produce characteristic marking in the
radiographs (Fig. 1.25).

2.Mastoid process appears during second year,
and the mastoid air cells during 6th year.

Obliteration of Sutures of the Vault

1.0bliteration begins on the inner surface
between thirty and forty years, and on the
outer surface between forty and fifty years.
2.The timings are variable, but it usually takes
place first in the lower part of the coronal
suture, next in the posterior part of the sagittal
suture, and then in the lambdoid suture.

in Old Age

The skull generally becomes thinner and lighter but
in small proportion of cases it increases in thickness
and weight. The most striking feature is reduction in
the size of mandible and maxillae due to loss of teeth
and absorption of alveolar processes. This causes
decrease in the vertical height of the face and a
change in the angles of the mandible which become
more obtuse.

SEX DIFFERENCES IN THE SKULL

There are no sex differences until puberty. The
postpubertal differences are listed in Table 1.7.

Wormian or Sutural Bones

These are small irregular bones found in the region
of the fontanelles, and are formed by additional
ossification centres.



Table 1.7: Sex differences in the skull

Features Females Males
1.Weight Heavier Lighter
2.Size Larger Smaller
3.Capacity Greater in 10% less than
males males
4.Walls Thicker More Thinner Less
5.Muscular ridges, marked marked
glabella, superciliary
arches, temporal lines,
mastoid processes,
superior nuchal lines, and
external occipital
protuberance
6.Tympanic plate
Larger, and
margins Smal!er and
7 .Supraorbital roughened margins are less
margin roughened
Maore roiinded
8.Forehead Sloping
(receding) Sharp
9.Frontal and .
Less prominent Vertical

parietal tubera

10.Vault

Rounded More prominent

11.Contour of face

Longer due to Somewhat flat-

greater depth of the
jaws (more of the
lower jaw). Chin is
bigger and projects
more forwards. In
general, the skull is

tened

Rounded; facial
bones are
smoother; and
mandible and
maxillae are

more rugged due to ....u~.
muscular markings

and processes; and
zygomatic bones

are more massive

They are most common at the lambda and at the
asterion; common at the pterion (epipteric bone);
and rare at the bregma (os Kerckring). Wormian
bones are common in hydrocephalic skulls.

CRANIOMETRY

I. Cephalic Index

It expresses the shape of the head, and is the
proportion of breadth to length of the skull. Thus:

breadth x 100
length

Cephalic index =

The length or longest diameter is measured from
the glabella to the occipital point; the breadth or
widest diameter is measured usually a little below
the parietal tubera.

Human races may be: (a) Dolichocephalic
or long-headed when the index is 75 or less;
(b) mesaticephaUc when the index is between 75 and
80; and (c) brochycephalic or short-headed or round-
headed when the index is above 80. Dolichocephaly
is a feature of primitive races like Eskimoes, Negroes,
etc. Brachycephaly through mesaticephaly has been
a continuous change in the advanced races, like the
Europeans.

2. Facial Angle

This is the angle between two lines drawn from the
nasion to the basion or anterior margin of foramen
magnum and the prosthion or central point on upper
incisor alveolus.

Facial angle is a rough index of the degree of
development of the brain because it is the angle
between facial skeleton, i.e. splanchnocranium, and
the calvaria, i.e. neurocranium, which are inversely
proportional to each other. The angle is smallest in
the most evolved races of man; it is larger in lower
races, and still larger in anthropoids.

3 Abnormal Crania

Oxycephaly or acrocephaly, tower-skull, or steeple-
skull is a abnormally tall skull. It is due to premature
closure of the suture between presphenoid and
postsphenoid, and the coronal suture, so that the
skull is very short anteroposteriorly. Compensation
is done by the upward growth of skull for the
enlarging brain.

Scaphocephaly or boat-shaped skull is due to
premature synostosis in the sagittal suture, as a
result the skull is very narrow from side to side but
greatly elongated.

THE MANDIBLE

The mandible, or lower jaw, is the largest and strongest
bone of the face. It develops from the first pharyngeal
arch. 1t has a horseshoe-shaped body which lodges
the teeth, and a pair g/rami which project upwards
from the posterior ends of the body and provide
attachment to muscles.

The Body

Each half of the body has outer and inner surfaces,
and upper and lower borders.



The outer surface presents the following features.

()The symphysis menti is the line at which the
right and left halves of the bone meet each other.
It is marked by a faint ridge.

(2)The mental protuberance (mentum = chin) is a
median triangular projecting area in the lower part
of the midline. The inferolateral angles of
the protuberance form the mental tubercles.

(3)The mental foramen lies below the interval
between the premolar teeth (Fig. 1.26).

(4The oblique line is the continuation of the
sharp anterior border of the ramus of the
mandible. It runs downwards and forwards
towards the mental tubercle.

(5)The incisive fossa is a depression that lies just
below the incisor teeth.

The inner surface presents the following features.

(DThe mylohyoid line is a prominent ridge that
runs obliquely downwards and forwards from
below the third molar tooth to the median area
below the genial tubercles (see below).

(2)Below the mylohyoid line the surface is slightly
hollowed out to form the submandibular fossa,
which lodges the submandibular gland.

(3)Above the mylohyoid line there is the sublingual
fossa in which the sublingual gland lies.

(4)The posterior surface of the symphysis menti
is marked by four small elevations called the
superior and inferior genial tubercles.

(5)The mylohyoid groove (present on the ramus)
extends on to the body below the posterior end of
the mylohyoid line.

The upper or alveolar border bears sockets for the
teeth.

The lower border of the mandible is also called the
base. Near the midline the base shows an oval
depression called the digastric fossa.

The Ramus

The ramus is quadrilateral in shape and has two
surfaces, lateral and medial; four borders, upper,
lower, anterior and posterior; and the coronoid and
condyloid processes.

The lateral surface is flat and bears a number of
oblique ridges.

The medial surface presents the following.

1. The mandibular foramen lies a little above the
centre of the ramus at the level of the occlusal
surfaces of the teeth. It leads into the mandibular
canal which descends into the body of the mandible
and opens at the mental foramen.

1.The anterior margin of the mandibular foramen is

marked by a sharp tongue-shaped projection

called the /ingula. The lingula is directed towards

the head of the mandible.

2.The mylohyoid groove begins just below the

mandibular foramen, and runs downwards

and forwards to be gradually lost over the

submandibular fossa.

The upper border of the ramus is thin and is curved
downwards forming the mandibular notch,

The lower border is the backward continuation of
the base of the mandible. Posteriorly, it ends by
becoming continuous with the posterior border at
the angle of the mandible.

The anterior border is thin, while the posterior
border is thick.

The coronoid process is a flattened triangular
upward projection from the anterosuperior part of
the ramus. Its anterior border is continuous with the
anterior border of the ramus. The posterior border
bounds the mandibular notch.

The condyloidprocess is a strong upward projection
from the posterosuperior part of the ramus. Its
upper end is expanded from side to side to form the
head. The head is covered with fibrocartilage and
articulates with the temporal bone to form the
temporomandibular joint. The constriction below
the head is the neck. Its anterior surface presents a
depression called the pterygoid fovea.

Attachments and Relations of the Mandible

1. The oblique line on the lateral side of the body
gives origin to the buccinator as far forwards as the
anterior border of the first molar tooth. In front of
this origin, the depressor labii inferioris and the
depressor anguli oris arise from the oblique line
below the mental foramen (Fig. 1.26).
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Depressor anguli oris| | T —
N A Platysma

Fig. 1.26: Outer surface of the left half of the mandible.
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1.The incisive fossa gives origin to the mentalis
and the mental slips of the orbicularis oris (Fig.
1.7).

2.Parts of both the inner and outer surfaces just
below the alveolar margin are covered by the
mucous membrane of the mouth.

3.The mylohyoid line gives origin to the mylohyoid
muscle (Fig. 1.27).

4. The superior constrictor muscle of the pharynx
arises from an area above the posterior end of
the mylohyoid line.

5.The pterygomandibular raphe is attached
immediately behind the third molar tooth
in continuation with the origin of the
superior constrictor.

6.The upper genial tubercle gives origin to the
genioglossus, and the lower tubercle to the
geniohyoid (Fig. 1.27).

7.The anterior belly of the digastric muscle arises
from the digastric fossa.

8.The deep cervical fascia (investing layer) is
attached to the whole length of the lower
border (Fig. 3.2).

1.The platysma is inserted into the lower border.

2.The whole of the lateral surface of the ramus
except the posterosuperior part provides insertion
to the masseter muscle (Fig. 1.10).

3.The posterosuperior part of the lateral surface is
covered by the parotid gland (Fig. 9.1).

4.The sphenomandibular ligament is attached to
the lingula.

5.The medial pterygoid muscle is inserted on the
medial surface of the ramus, on the roughened
area below and behind the mylohyoid groove.
It is in contact with the medial surface in front of
the groove (Fig. 1.27).

1.The temporalis is inserted into the apex and
medial surface of the coronoid process. The
insertion extend downwards on the anterior
border of the ramus (Fig. 1.10).

2.The lateral pterygoid muscle is inserted into the
pterygoid fovea on the anterior aspect of the neck.
The muscle is related to the medial surface of
the ramus, above the mandibular foramen (Fig.
1.16).

3.The lateral surface of the neck provides
attachment to the lateral ligament of the
temporo-mandibular joint (Fig. 10.9).

Foramina and Relations to Nerves and Vessels

1.The mental foramen transmits the mental nerve
and vessels (Fig. 2.19).

2.The inferior alveolar nerve and vessels enter the,
mandibular canal through the mandibular
foramen, and run forwards within the canal (Fig.
1.27).

3.The mylohyoid nerve and vessels lie in the
mylohyoid groove.

4.The lingual nerve is related to the medial surface
of the ramus in front of the mylohyoid groove
(Fig. 1.27).

5.The area above and behind the mandibular
foramen is related to the inferior alveolar nerve
and vessels and to the maxillary artery.

6.The masseteric nerve and vessels pass through
the mandibular notch.

7.The auriculotemporal nerve is related to the
medial side of the neck of the mandible.

Ossification: The mandible is the second bone,
next to the clavicle, to ossify in the body. Its greater
part ossifies in membrane. The parts ossifying in
cartilage include the incisive part below the incisor
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Fig. 1.27: Inner surface of the left half of the mandible.
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teeth, the coronoid and condyloid processes, and the
upper half of the ramus above the level of the
mandibular foramen.

Each half of the mandible ossifies from only one
centre which appears at about the 6th week of
intrauterine life in the mesenchymal sheath of
Meckel's cartilage near the future mental foramen.
Meckel's cartilage is the skeletal element of first
pharyngeal arch.

At birth the mandible consists of two halves
connected at the symphysis menti by fibrous tissue.
Bony union takes place during the first year of life.

Age Changes in the Mandible
In Infants and Children

1.The two halves of the mandible fuse during the
first year of life (Fig. 1.28A).

2.At birth the mental foramen, opens below the
sockets for the two deciduous molar teeth near
the lower border. This is so because the bone is
made up

CHILD

B

ADULT

OLD AGE

Fig. 1.28: Age changes in the mandible. (A) Child, (B) adult,
(C) old age.



only of the alveolar part with teeth sockets. The
mandibular canal runs near the lower border. The
foramen and canal gradually shift upwards.

3. The angle is obtuse. It is 140 degrees or more
because the head is in line with the body. The
coronoid process is large and projects upwards
above the level of the condyle.

In Adults

1. The mental foramen opens midway between the
upper and lower borders because the alveolar
and subalveolar parts of the bone are equally
developed. The mandibular canal runs parallel
with the mylo-hyoid line.

2.The angle reduces to about 110 or 120 degrees
because the ramus becomes almost vertical
(Fig. 1.28B).

In Old Age

1.Teeth fall out and the alveolar border is absorbed,
so that the height of the body is markedly
reduced (Fig. 1.28C).

2.The mental foramen and the mandibular canal
are close to the alveolar border.

3.The angle again becomes obtuse about 140
degrees because the ramus is oblique.

CLINICAL ANATOMY

The mandible is commonly fractured at the canine
socket where it is weak. Involvement of the inferior
alveolar nerve in the callus may cause neuralgic
pain, which may be referred to the areas of
distribution of the buccal and auriculotemporal
nerves. If the nerve is paralysed, the area supplied
by the mental nerve becomes insensitive.

The next common fracture of the mandible
occurs at the angle.

THE MAXILLA

Maxilla is the second largest bone of the face, the
first being the mandible. The two maxillae form the
whole of the upper jaw, and each maxilla enters into
the formation of face, nose, mouth, orbit, the infra-
temporal and pterygopalatine fossae.

Side Determination

1. Anterior surface ends medially into a deeply
concave border, called the nasal notch. Posterior
surface is convex.

1.Alveolar border
with sockets for
upper teeth faces
downwards with its
convexity directed
outwards. Frontal
process is the
longest process
which is directed
upwards.

2.Medial surface is
marked by a large
irregular opening, the
maxillary hiatus.

Features

Each maxilla has a
body and four
processes, the frontal,
zygomatic, alveolar and
palatine.

Body of Maxilla

The body of maxilla is
pyramidal in shape, with
its base directed
medially at the nasal
surface, and the apex
directed laterally at the
zygomatic process. It
has four surfaces and
encloses a large cavity;
the maxillary sinus. The

surfaces are : (1)
Anterior or facial; (2)
posterior or
infratemporal; 3)

superior or orbital; and
(4) medial or nasal.

Anterior or Facial Surface

1.Anterior surface is
directed forwards
and laterally.

2.Above the incisor
teeth there is a
slight depression, the
incisive fossa, which
gives origin to
depressor septi.
Incisivus arises from
the alveolar margin
below the fossa, and
the nosafis
superolateral to the
fossa along the nasal
notch.

3.Lateral to canine
eminence there is a
larger and deeper
depression, the canine
fossa, which gives
origin to levator anguli
oris (Fig. 1.29).



4. Above the canine
fossa there is
in/raorbital
foramen, which
transmits infraorbital
nerve and
vessels.

1.Levator labii
superioris arises
between the
infraorbital margin
and infraorbital
foramen.

2.Medially, the
anterior surface ends
in a deeply concave
border, the nasal
notch, which
terminates below
into process which
with the
corresponding
process of opposite
maxilla forms the
anterior nasal spine.
Anterior surface
bordering the nasal
notch gives origin to
nosalis and
depressor septi.

Posterior or
Infratemporal Surface

1.Posterior surface
is convex and
directed backwards

Frontal process

Levator labii superioris alaequae nasi

Nasal notch

Anterior nasal spine

Infraorbital foramen

Nasalis

Depressor septi

and laterally.

2.It forms the
anterior wall of
infratemporal fossa,
and is separated
from anterior
surface by the
zygomatic process
and a rounded ridge
which descends from
the process to the
first molar tooth.

3.Near the centre of
the surface open two
or three alueolar
canals for posterior
superior alveolar
nerve and vessels.

4 Posteroinferiorly,
there is a rounded
eminence, the
maxillary
tuberosity, which
articulates
superomedially with
pyramidal process of
palatine bone, and
gives origin laterally to
the superficial head of
medial pterygoid
muscle.

5.Above the
maxillary tuberosity
the smooth surface
forms anterior wall of
pterygopalatine fossa,
and is grooved by
maxillary nerve.

Orbicularis oculi

For ethmoid

Orbital surface

-Infraorbital groove

-Zygomatic process
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