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CHAPTER 

1 
Introduction and Osteology 

INTRODUCTION 
Head and neck is the uppermost part of the body. Head 
comprises skull and lodges the brain covered by 
meninges, hypophysis cerebri, special senses, teeth and 
blood vessels. Brain is the highest seat of intelligence. 
Human is the most evolved animal so far, as there is 
maximum nervous tissue. To accomm odate the 
increased volume of nervous tissue, the cranial cavity 
had to enlarge. Corresp ondingly the lower jaw or 
mandible had to retract. The eyes also had come more 
anteriorly, on each side of the nose. The external nose 
also got prominent. External ear becomes vestigea l and 
chin is pushed forwards to accommodate the broad 
tongue. Tongue, the organ for speech, is securely placed 
in the oral cavity for articulation of words, i.e. speech. 
In huma n, the vocalisa tion centre is quite big to 
articulate various words and speak d istinctly. Speech 
is a special and chief characteristic of the human. 

Skull comprises a number of bones and their 
respective regions are: 

Frontal: Lies in front of skull. 

Parietal: Lies on top of skull, formed chiefly by the 
parieta l bones. It is seen from the top. 

Occipital: Forms back of skull. 

Temporal: It is the area above the ears. The sense of 
hearing and balance is appreciated and understood in 
the temporal lobe of brain situated on its inner aspect. 
Ocular region: It is the region around the large orbital 
openings, containing the precious eyeball, muscles to 
move the eyeball, nerves and blood vessels to supply 
those muscles. There are accessory structures like the 
lacrimal apparatus and protective eyelids. 

Auricular region: The region of the external ear w ith 
external auditory meatus comprises the auricular 
region. Air waves enter the ear through the meatus which 
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change into fluid waves and finally into nerve impulses 
to be received in the temporal lobe of the cerebrum. 
Nasal region: The region of the external nose, its muscles 
and the associated cavity comprise the nasal region. 
Sense of smell is perceived from this region. 
Oral region: Comprises upper and lower lips and the 
angle of the mouth, where the lips join on each side. 
Numerous muscles are present here, to express the 
feelings and emotions. These muscles are part of the 
muscles of facial expression. They show the feelings, 
without words. 
Oral cavity: It houses the organ of speech and taste. 
Tongue is not swallowed though everything put on the 
tongue passes downwards. It is held in p osition by 
extrinsic muscles arising from surrounding bones. It 
says so much and manages to hide inside the oral cavity 
to be protected by 32 teeth in adult. 
Parotid region: Lies on the side of the face. It contains 
the biggest serous parotid salivary g land, which lies 
around the external auditory meatus. 

Head is fo llowed by the tubula r neck w hich 
continues downwards with chest or thorax. 

Each half of the neck comprises two triangles between 
anterior median line and posterior median line. 
Posterior triangle: Lies between stemocleidomastoid, the 
neck and chin turning muscle; trapezius, the shrugging 
muscle and middle one-third of the clavicle. It contains 
p roximal parts of the important brachia! p lexus, 
subclavian vessels w ith its branches and tributaries. Its 
apex is above and base below. 
Anterior trin11gle: Lies between the anterior median line 
and the anterior border of stem ocleidomastoid muscle. 
Its apex is in lower part of neck, close to sternum and 
base above. lt contains the common carotid artery and 
its numerous bran ches. Isthmus of thyroid gland lies 
in the lower part of the triangle. 
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Bones of head and neck include the skull, i.e . 
cranium with mandible, seven cervical vertebrae, the 
hyoid, and six ossicles of the ear. 

The skull cap formed by frontal, parietal, squamous 
temporal and a part of occipital bones, develop by intra-
membranous ossifica tion, being a quicker one stage 
process. 

The base of the skull in contrast ossifies by intra-
cartilaginous ossifica tion which is a two-stage process 
(membrane-cartilage-bone). 

Skull lodges the brain, teeth and 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. 

SKULL 

Terms 
The skeleton of the head is called the skull. It 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 calvaria 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 28 bones which are named as 
follows. 
a. The calvaria or brain case is composed of 14 bones 

including 3 paired ear ossicles. 

Paired Unpaired 
1. Parietal (2) 1. Frontal (1) 
2. Temporal (2) 2. Occipital (1) 
3. Malleus (2) 3. Sphenoid (1) 
4. lncus (2) 4. Ethmoid {l) 
5. Stapes (2) 
3, 4, 5 are described in Chapter 18 

b. The facial skeleton is composed of 14 bones. 
Paired Unpaired 
1. Maxilla (2) 1. Mandible (1) 
2. Zygomatic (2) 2. Vomer (1) 
3. Nasal (2) 
4. Lacrimal (2) 
5. Palatine (2) 
6. Inferior nasal concha (2) 

Skull Joints 
The joints in the skull are mostly sutures, a few primary 
car tilaginous joints and three pairs of synovial joints. 
Two pairs of synovial joints are p resent between the 
ossicles of middle ear. One pair is the largest temporo-
mand ibular joint. This mobile joint permits us to speak, 
eat, drink and laugh. 

Sutures are: 
Plane - internasal su ture 
Serrate - coronal suture 
Denticulate - lambdoid suture 
Squamous - parietotemporal suture 

Anatomical Position of Skull 
The sku ll can be placed in proper orienta tion by 
considering any one of the two p lanes. 
1 Reid's base Hne is a horizontal line obtained by 

joining the infrao rbital margin to the centre of 
external acoustic meatus, i.e. auricular point. 

2 The Frankfurt's horizontal plane of orien tation is 
ob ta ined by joining the in fra. orbital m argin to 
the upper margin of the external acoustic meatus 
(Fig. 1.1). 

Methods of Study of the Skull 
The skull can be studied as a whole. 

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

a. Superior view or norma verticalis. 
b. Posterior view or norma occipitalis. 
c. Anterior view or norma frontalis. 
d . Lateral view or norma lateralis. 
e. Inferior view or norrna basalis. 
The whole skull can be studied from the inside or 

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

Frankfurt's 
hori.zontal plane 

_L_ ,/_ __ ~-:+: 
-r------ -- -----

Reid's base External acoustic 
line 

Fig. 1.1: Anatomical position of skull 

lnfraorbltal 
margin 



a. Internal surface of the cranial vault. 
b. Internal surface of the cranial base which shows 

a natural subdivision into anterior, middle and 
posterior cranial fossae. 

The skull can also be studied as individual bones. 
Mand ible, maxilla, ethmoid and zygomatic, etc. have 
been described. 

Peculiarities of Skull Bones 
1 Base of skull ossifies in cartilage while the skull cap 

ossifies in membrane. 
2 At birth, skull comprises one table only. By 4 years 

or so, two tables are formed. Between the two tables, 
there are diploes (Greek double), i.e. spaces containing 
red bone marrow forming RBCs, granular series of 
WBCs and platelets. Four diploic veins drain the 
formed blood cells into neighbouring veins. 

3 At birth , the 4 angles of parie tal bone have 
membranous gaps or fontanelles. These allow 
overlapping of bones during vaginal delivery, if 
required. These also allow skull bones to increase in 
size after birth, for housing the delicate brain. 

4 Some skull bones have air cells in them and are called 
pneumatic bones, e.g. frontal, maxilla. 
a. They reduce the weight of skull. 
b . They maintain humidity of inspired air. 
c. They give resonance to voice. 
d. These may get infected resulting in sinusitis. 

5 Skull bones are united mostly by sutures. 
6 Skull has foramina for "emissary veins" which 

connect intracranial venous sinuses with extracranial 
veins. These try to relieve raised in tracranial 
pressure. Infec tion may reach through the emissary 
veins into cranial venous sinuses as these veins are 
valveless. 

7 Petrous temporal is the densest bone of the body. It 
lodges internal ear, middle ear including three 
ossicles, i.e. malleus, incus and stapes. Ossicles are 
"bones within the bone" and are fully formed at 
birth. 

8 Skull lodges brain, men inges, CSF, glands like 
hypophysis cerebri and pineal, venous sinuses, teeth, 
special senses like retina of eyeball, taste buds of 
tongue, olfactory epithelium, cochlear and vestibula r 
nerve endings. 

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. 

INTRODUCTION AND OSTEOLOGY 

Bones Seen in Norma Verticalis 
1 Upper part of frontal bone anteriorly. 
2 Uppermost part of 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 su ture crosses 
th e cran ial vault from side to side an d ru ns 
downwards and forwards (Fig. 1.2). 

2 Sagittal suture: It is p laced in the median plane 
between the two parietal bones. 

3 Lambdoid suture: It lies posteriorly between the 
occip ital and the two parietal bones, and it runs 
downwards and forwards across the cranial vault. 

4 Metopic (Latin forehead) 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. ormally, it fuses at 6 years of age. 

Some other Named Features 

1 Vertex is the highest point on sagittal suture. 
2 Vault of skull is the arched roof for the dome of skull. 
3 Bregma/anterior fontanel/a is the mee tin g point 

between the coronal and sagittal sutures. In the foetal 
skull, th is is the site of a membranous gap, called 
the anterior fontanelle, which closes at 18 to 24 
months of age. It allows growth of brain (Fig. 1.3). 

4 The lambda/posterior fontnne/la is the meeting point 
between the sagittal and lambdoid su tures. In the 
foeta l skull, this is the site of the posterior fontanelle 
which closes at birth-2 to 3 months of age. 

~y::..;= '-------1--- Bregma 

---t-- Parietal bone 

• ~ -- -------J'--- Parietal foramen 

,,---- -,,..--- Occipital bone 

Fig. 1.2: Norma verticalis 
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Anterolateral or 
sphenoidal fontanelle 

Anterior fontanelle 

Posterolateral or 
mastoid fontanelle 

Fig. 1.3: Fontanelles of skull 

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

6 The parietal foramen, one on each side, pierces the 
parietal bone near its upper border, 2.5 to 4 cm in 
front of the lambda. The parietal foramen transmits 
an emissary vein from the veins of scalp to superior 
sagittal sinus (Fig. 1.2). 

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

8 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 with zygomatic arch. 

CLINICAL ANATOMY 

• Fontanelles are sites of growth of skull, permitting 
growth of brain and helps to determine age. 

• If fontanelles fuse early, brain growth is stunted; 
such children are less intelligent. 

• If anterior fontanelle is bulging, there is raised 
intracranial pressure. If anterior fontanelle is 
depressed, it shows decreased in tracranial 
pressure, mostly due to dehydration. 

• Bones override at the fontanelle helping to 
decrease size of head during vaginal delivery. 

• Caput succedaneum is soft tissue swelling on any 
part of skull due to rupture of capillaries during 
delivery. Skull becomes normal within a few days 
in postnatal life (Fig. 1.4). 

Fig. 1.4: Caput succedaneum 

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. 1.5). 
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 or wormian bones 
are common along this suture. 

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

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

4 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 jtmction 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. 



Parietomastoid suture --
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Squamous part of 
temporal bone 

_ ,._ __ Temporal bone 

'---l----Occipitomastoid suture 

External occipital protuberance 
Fig. 1.5: Norma occipitalis 

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 (Greek breast) Joramen is located on the 
mastoid part of the temporal bone at or near the occi-
pitomas toid suture. Internally, it opens a t the 
sigmoid sulcus. The mastoid foramen transmits an 
emissary vein (Table 1.1) and the meningeal branch 
of the occipital artery. 

7 The interparietal bone (inca 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 
(Fig. 1.14). 

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

Table 1.1: The emissary veins of the skull 
Name Foramen of skull Veins outside skull Venous sinus 

1. Parietal emissary vein Parietal foramen Veins of scalp Superior sagittal 

2. Mastoid emissary vein Mastoid foramen Veins of scalp Sigmoid sinus 

3. Emissary vein Hypoglossal canal Internal jugular vein Sigmoid sinus 

4. Condylar emissary vein Posterior condylar foramen Suboccipital venous plexus Sigmoid sinus 

5. 2-3 emissary veins Foramen lacerum Pharyngeal venous plexus Cavernous sinus 

6. Emissary vein Foramen ovale Pterygoid venous plexus Cavernous sinus 

7. Emissary vein Foramen caecum Veins of roof of nose Superior sagittal 
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Occipital belly 
Facial nerve 

Fig. 1.6: Attachments of the occipitofrontalis muscle 

3 The highes t nuchal lines, if present, provide 
attachment to the epicmninl aponeurosis medially, and 
give origin to the occipitalis or occipital belly of 
occipitofrontalis muscle laterally (Fig. 1.6). In case of 
absence of highest nuchal lines, these structures are 
attached to superior nuchal lines. 

Frontal----
bone 

Orbit 

!I 

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

Bones 
1 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 nose (Fig. 1.7). 

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

nose. 
4 The zygomatic (Greek yoke) bones form the bony 

prominence of the superolateral part of the cheeks. 
5 The mandible forms the lower jaw. 

The norma frontal is will be studied under the 
following heads: 

a. Frontal region. 
b. Orbital opening. 
c. Anterior piriform-shaped bony aperture of the 

nose. 
d. Lower part of the face. 
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Fig. 1.7: Norma frontalis: Walls of orbit and nasal aperture. Inset showing apertures 



Frontal Region 
The frontal region presents the following features: 
1 The supercilian; 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 glabella is a median elevation connecting the two 
superciliary arches. Below the glabella, the skull 
recedes to frontonasal suture at root of the nose. 

3 The nasion is a median point at the root of the nose 
where the internasa l suture meets w ith the 
frontonasal suture. 

4 The frontal tuber or eminence is a low rounded 
elevation above the superciliary arch, one on each 
side. It is more prominent in females and in children. 

Orbital Openings 
Each orbital (Latin circle) 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 (Fig. 1.7). 

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

3 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. 

4 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. 

INTRODUCTION AND OSTEOLOGY 

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 maxilla on each 
side. 

Features 
Note the following: 
1 Articulations of the nasal bone: 

a. Anteriorly, with the opposite bone at the intemasaJ 
suture. 

b. Posteriorly, with the frontal process of the maxilla. 
c. Superiorly, with the frontal bone at the frontonasal 

suture. 
d. Inferiorly, the upper nasal cartilage is attached 

to it. 
2 The anterior nasal spine is a sharp projection in the 

median plane in the lower boundary of the piriform 
aperture (Fig. 1.7) . 

3 Rhinion is the lowermost point of the internasal 
suture. 

CLINICAL ANATOMY 

The nasal bone is one of the most commonly fractured 
bones of the face . Mandible and parietal eminence are 
the next bones to be fractured (Fig. 1.8). 

Fig. 1.8: Fractured nasal bone and position of anterior division of middle meningeal artery against the pterion 
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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 infraorbital fora men, l cm below the infraorbita I 

margin; 
d. The incisive fossa above the incisor teeth, and 
e. The canine fossa lateral to the canine eminence. 
In addition, three out of four processes of the maxilla 

are also seen in this norma. 
a. The fron tal 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 (Fig. 1.7). 

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 . 

Zygomafic Bone (Molar Bone) 
Zygomatic bone forms the prominence of the cheek. 
The zygomaticofacial foramen is seen on its surface. 

Mandible (Lower Jaw Bone) 
Mandible (Latin to chew) forms the lower jaw. 

The upper border or alveolar arch lodges the lower 
teeth. 

The lower border or base is rounded. 
The middle point of the base is called the mental point 

or gnathion. 
The point on the angle of mandible is called gonion. 
The anterior surface of the body of the mandible 

presents: 
a. The symphysis menti, the mental protuberance and 

the mental tubercles anteriorly (Fig. 1.7). 
b. The mental foramen below the interval between the 

two premolar teeth, transmitting the mental nerve 
and vessels. 

c. The oblique line which runs upwards and backwards 
from the mental tubercle to the anterior border of 
the ramus (Latin branch) of the mandible. 

Sutures of the Norma Frontalis 
• Internasal (Fig. 1.7) 
• Frontonasal 
• N asomaxillary 
• Lacrirnomaxillary 
• Frontomaxillary 
• Intermaxillary 

• Zygomaticomaxillary 
• Zygomaticofrontal. 

Attachments 
1 The medial part of the superciliary arch gives origin 

to the corrugator supercilii muscle. 
2 The procerns muscle arises from the nasal bone near 

the median p lane (see Fig. 2.9). 
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 (see Fig. 2.9). 

4 The medial palpebral ligament is attached to the frontal 
process of the maxilla between the frontal and 
maxillary origins of the orbicularis oculi. 

5 The levator labii superioris alaeque nasi arises from the 
frontal process of the m axilla in front of the 
orbicularis ocuU (see Fig. 2.9). 

6 The levator labii superioris arises from the maxilla 
between the infraorbital margin and the infraorbital 
forarnen (see Fig. 2.9). 

7 The levator anguli oris arises from the canine fossa. 
8 The nasalis and the depressor septi arise from the 

surface of the maxilla bordering the nasal notch. 
9 The incisivus muscle arises from an area just below 

the depressor septi. It forms part of orbicularis oris. 
10 The zygomaticus major and minor arise from the 

surface of the zygomatic bone (see Fig. 2.9). 
The zygomaticus minor muscle arises below the 
zygomaticofacial forarnen. The zygomaticus major 
arises lateral to the minor muscle (see Fig. 2.9). 

11 Buccinator arises from maxilla and mandible 
opposite molar teeth and from pterygomandibular 
raphe (see Fig. 2.10). It also forms part of orbicularis 
oris. 

Structures Passing through Foramina 
1 The supraorbital notch or foramen transmits the 

supraorbital nerves and vessels (see Fig. 2.5). 
2 The external nasal nerve emerges between the nasal 

bone and upper nasal cartilage (see Fig. 2.22). 
3 The infrnorbital foramen transmits the infraorbital nerve 

and vessels (see Fig. 2.22). 
4 The zygomaticofacial foramen transmits the nerve of 

the same name, a branch of maxillary nerve. 
5 The mental foramen on the mandible transmits the 

mental nerve and vessels (see Fig. 2.22). 

NORMA LATERALIS 
Bones 
1 Frontal 
2 Parietal (Fig. 1.9a) 
3 Occipital 
4 Temporal 



5 Sphenoid 
6 Zygomatic 
7 Mandible 
8 Maxilla 
9 Nasal 

Features 
Temporal Lines 
The temporal lines have been s tudied in the norma 
verticalis. The inferior temporal line, in its posterior 
part, turns downwards and forwa rds and becomes 
continuous with the supramastoid crest on the squamous 
temporal bone near its junction with the mastoid 
temporal. Th.is crest is continuous anteriorly with the 
posterior root of the zygomatic arch (Fig. 1.9b). 

INTRODUCTION AND OSTEOLOGY 

Zygomatic Arch or Zygoma 
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-
temporal suture crosses the arch obliquely downwards 
and backwards. 

Above the zygomatic arch is temporal fossa, which 
is filled by temporalis muscle. Attached to lower margin 
of zygomatic arch is masseter muscle; contraction of 
both temporalis and masseter may be felt by clenching 
the teeth. 

The arch is separated from the side of the skull by a 
gap which is deeper in front than behind. Its lateral 
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Figs 1.9a to c: (a) Norma lateralis with facial angle, (b) bones forming norma lateralis, and (c) tympanic plate forming margins of 
external acoustic meatus 
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surface is subcutaneous. The anterior end of the upper 
border is called the jugal point. The posterior end of the 
zygomatic arch is attach ed 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 posterior roots. The anterior 
root passes medially in front of the articular fossa. The 
posterior root passes backwards along the la teral 
margin of the mandibular or articular fossa, then above 
the external acoustic meatus to become continuous with 
the supramasto id crest. Two p rojections are visible in 
relation to these roots. One is articular tubercle at its 
lower border. Another tubercle is visible just behind 
the mandibular or articular fossa and is known as 
postglen.oid tubercle. 

External Acoustic Meatus 
The external acoustic meatus open s just below th e 
posterior p art of the posterior root of zygoma. Its 
anterior and inferior margins and the lower par t 
of the posterio r ma rgin are formed by the tym panic 
p la te, and the posterosuperior margi n is formed 
by the squamous temporal bone. The margins a re 
roughened for the a ttachment of auricular cartilage. 

The suprameatal triangle ( trianlge of Macewen) is a sma 11 
depression posterosuperior to the meatus. It is bounded 
above by the supramastoid cres t, 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 presen t on 
the anteroinferior margin of the triangle. The triangle 
forms the la teral wa ll of the tympanic or mastoid 
antrum (Fig. 1.9c). 

Mastoid Part of the Temporal Bone 
The mastoid part of the temporal bone lies just behind the 
external acoustic meatus. It is contin uous antero-
superiorly with the squamous temporal bone (Fig. 1.9c). 
A partially oblitera ted squamomastoid suture may be 
visible in front of and parallel to the roughened area 
for muscular insertion. 

The mastoid tempora l bone articulates pos tero-
superiorly with the posteroinferior part of the parietal 
bon e a t the h orizontal parietomastoid suture, and 
posteriorly with the squamous occipital bone a t th e 
occipitomastoid suture. These two sutures meet a t the 
lateral end of the lambdoid suture. The asterion is the 
point where the parie tomastoid, occipitomastoid and 
lambdoid sutures meet. In infants, the asterion is the 
site of the posterolateral or mastoid fontanelle, which closes 
(Fig. 1.3) by 12 months. 

The mastoid process is a breast-like projection from 
the lower part of the mastoid temporal bone, postero-
inferior to the external acoustic meatus. It appears 
during the second year of life. The tympanomastoid 
fissure is placed on the anterior aspect of the base of 
the mastoid process. The mastoid foramen lies at or near 
the occipitomastoid suture (Fig. 1.5). 

Styloid Process 
The styloid (Latin pen) process is a needle-like thin, long 
projection from the temporal bone seen in norma basalis 
situated anteromedial to the mastoid process. It is 
d irected 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. 

Temporal Fossa 
Boundaries 
1 Above, by the superior temporal line. 
2 Below, by the upper border of the zygomatic arch 

laterally, and by the infratemporal crest of the greater 
w ing of the sphenoid bone medially. Through the 
gap deep to the zygomatic arch, temporal fossa 
commun icates with the infra temporal fossa. 

3 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. 

Floor: The anterior part of the floor is crossed by an H-
shaped suture where four bones, frontal, parietal, 
grea ter wing of sphenoid and temporal adjoin each 
other. This area is termed the pterion. It lies 4 cm above 
the midpoint of H1e zygomatic arch and 2.5 cm behind 
the frontozygomatic suture. Deep to the pterion lie the 
middle meningeal vein, the anterior division of the middle 
meningeal artery, and the stem of the lateral sulcus of brain 
(Sylvian point) (Fig. 1.8). 

On the temporal surface of the zygomatic bone 
forming the anterior wall of the fossa, there is the 
zygomaticotemporal foramen. 

CLINICAL ANATOMY 

Pterion/anterolateral fontanelle is the thin part of skull. 
In roadside accidents, the anterior division of middle 
meningeal artery may be rup tured, leading to clot 
formation between the skull bone and dura mater 
o r extradura l h aemorrhage (Fig. 1.8) . The clo t 
compresses the motor area of b rain, leading to 
paralysis of the opposite side. The clot must be 
sucked ou t at the earliest by trephining (Fig. 1.10). 
The head must be protected by a helmet. 
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Fig. 1.10: Extradural haemorrhage 

lnfrafemporal Fossa 
Boundaries and the contents are described in Chapter 6. 

Pferygopalaline Fossa 
Pterygopalatine fossa is described in Chapter 15. 
Attachments 
1 The temporal fascia is attached to the su perior 

tempora l 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 temporalis muscle arises from the whole of the 
temporal fossa, except the part formed by the 
zygomatic bone (Fig. 1.14). 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. 1.9b). 

3 Th e medial surface and lower border of the 
zygomatic arch give origin to the masseter. 

4 The lateral ligament of the temporomandibular joint is 
attached to the tubercle of the root of the zygoma 
(see Chapter 6). 

5 The sternocleidomastoid, sple11ius capitis and longissimus 
capitis are inserted from before backwards on the 
posterior part of the lateral surface of the mastoid 
process (Fig. 1.14). Posterior belly of digastric a rises 
from mastoid notch. The groove obliquely placed 
behind mastoid notch is due to occipital artery (see 
Fig. 7.3). 

6 The gap between the zygomatic arch and the side of 
the skull transmits: 
a. Tendon of the temporalis muscle. 
b. Deep temporal vessels. 
c. Deep temporal nerves. 

INTRODUCTION AND OSTEOLOGY 

Structures Pa:ssing through Foramina 
1 The tymparwmastoid fissure on the anterior aspect of 

the base of the mastoid process transmits the auricular 
branch of vagus nerve. 

2 The mastoid foramen transmits: 
a. An emissary vein connecting the sigmoid sinus with 

the posterior auricular vein (Table 1.1). 
b. A meningeal branch of the occipital artery. 

3 The zygomaticotemporal foramen transmits the nerve 
of the same name and a minute artery (see Fig. 2.16). 

NORMA BASALIS 
For convenience of study, the norma basalis is divided 
arbitrarily into anterior, middle and posterior parts. The 
anterior part iis formed by the hard palate and the 
alveolar arches. The middle and posterior parts are 
separated by an imaginary transverse line p assi ng 
through the anterior margin of the foramen magnum 
(Figs l.lla and b). 

Anterior Part c::>f Norma Basalis 
Alveolar Arch 
Alveola r arch bears sockets for the roots of the upper 
teeth. 

Hard Palate 
1 Formation: 

a. Anterior two-thirds, by the palatine processes of 
the maxilla bones. 

b. Posterior one-third by the horizontal plates of the 
palatine. 

2 Sutures: The palate is crossed by a cruciform suture 
made up of intermaxillary, interpa latine and 
paJatomaxiJllary sutures. 

3 Dome: 
a. It is arch,ed in all directions. 
b. Shows pi.ts for the palatine glands. 

4 The incisive foramen is a deep fossa situated anteriorly 
in the median plane (Fig. 1.12). 
Two incisive canals, right and left, pierce the walls of 
the incisive fora.men, usually one on each side, but 
occasionally in the median plane, the left being 
anterior and the right, posterior. 

5 The greater palatine foramen, o n e on each s ide, is 
situated just behind the lateral part of the palato-
maxillary suture. A groove leads from the foramen 
towards the incisive fossa (Fig. 1.lla). 

6 The lesser palatine foramina, two or three in number 
on each side, lie behind the greater palatine foramen, 
and perforate the pyramidal process of the palatine 
bone (see Fig. 15.14). 
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Figs 1.11a and b: (a) Norma basalis showing passage of main nerves and arte ries, and (b) infratemporal surface of greater wing 
of sphenoid 

7 The posterior border of the hard palate is free and 
presents the posterior nasal spine in the median plane. 

8 The palatine crest is a curved ridge near the posterior 
border. It begins behind the greater palatine fora.men 
and runs medially (Fig. 1.12). 

Middle Part of Norma Basalis 
The middle part extends from the posterior border of 
the hard palate to the arbitrary transverse line 
passing through the anterior margin of the fora.men 
magnum. 
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Fig. 1.12: Anterior part of the norma basalis 

Median Area 
1 The median area shows: 

a. The posterior border of the vomer. 
b. A broad bar of bone formed by fusion of the posterior 

part of the body of sphenoid and the basilar part 
of occipital bone (Fig. 1.13). 

2 The vomer separates the two posterior nasa l 
apertures. Its inferior border articulates with the 
bony palate. The superior border splits into two alae 
and articulates wi th the rostrum of the sphenoid bone 
(Fig. 1.13). 

3 The palatinovaginal canal. The inferior surface of the 
vaginal process of the medial pterygoid plate is 
marked by an anteroposterior groove which is 
converted into the palatinovaginal canal by the upper 
surface of the sphenoida1 process of the palatine 
bone. The canal opens anteriorly into the posterior 
wall of the pterygopalatine fossa (see Fig. 15.14). 

4 The vomerovaginal canal. The lateral border of each 
ala of th.e vomer comes into relationship with the 
vaginal process of the medial pterygoid plate, and 
may overlap it from above to enclose the vomero-
vaginal cana l (Fig. 1.13). 
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Fig. 1.13: Posterior view of a coronal section through the 
posterior nasal aperture showing the formation of the 
palatinovaginal and vomerovaginal canals 
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5 The broad bar of the bone is marked in the median 
plane by the pharyngeal tubercle, a little in front of 
the foramen magnum (Fig. l.lla). 

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, i.e. petrous 
temporal, tympanic plate and squamous temporal . 

2 The pten;goid process projects downwards from the 
junction of greater wing and the body of 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 
pterygoid fossa. 

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 pterygomaxillary 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. 
The lower end of the posterior border is prolonged 
downwards and laterally to form the pterygoid 
hamu/11s. 

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. Its lateral and 
medial surfaces give origin to muscles. 

The posterior border sometimes has a projection 
at its middle called the pterygospi.nous process 
which projects towards the spine of the sphenoid. 

3 The infratempora/ surface of the greater wing of the 
sphenoid is pentagonal: 
a. Its anterior margin forms the posterior border of 

the inferior orbital fissure (Fig. 1.11b). 
b. Its anterolateral margin forms the infratempora1 

crest. 
c. Its posterolateral margin articulates with the 

squamous temporal. 
d. Its posteromedial margin articulates with petrous 

temporal. 
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. 

Along the posteromedial margin, the urface is 
pierced by the following foramina: 
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a. The foramen ovate is large and oval in shape. It is 
situated posterolateral to the upper end of the 
pas terior border of late ral p terygoid pla te 
(Fig. l.llb). 

b. The foramen spinos11m is sma ll and circular in 
shape. lt is situated posterolateral to the foramen 
ova le, and is limited posterolaterally by the spine 
of sphenoid (Fig. l .llb). 

c. Sometimes there is the emissary sphenoidal foramen 
or foramen of Vesalius. It 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 (Fig. l.llb). 
The s11lc11s htbae is the groove between the postero-

medial 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 p e trous temporal bone 
(Fig. l.llb). 

4 The inferior surface of the petrous (Greek rock) 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 hjlnpani, is present in the middle cranial fossa. 
It has a down turned edge which is seen in the 
squamotympanic fis sure and div ides it into the 
posterior petrotympanic and anterior petrosquamous 
fissures (Fig. l. lla). 

5 The hpnpanic 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 lateral 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 
(Fig. 1.9c). 

Its upper border bounds the petrotyrnpanic fissure. 
The lower border is sharp and free. 

Medially: It passes along the anterolateral margin 
of the lower end of the carotid canal. 

Laterally: It forms the anterolateral part of the 
sheath of the styloid process. 

Internally: The tympanic plate is fused to the 
petrous temporal bone. 

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. 

c. A small posterolateral part of the roof of the 
infratemporal fossa. 

Posterior Part of Norma Basalis 
Median Area 
The median area shows from before backwards: 

a. The foramen magnum. 
b. The external occipital crest. 
c. The external occipital protuberance. 
d. uchal lines 

a. The fora men magnum (Latin great) is the largest 
foramen of the skull. It opens upw ards into the 
posterior cranial fossa, and dow nwards 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). 

b. The external occipital crest begins at the posterior margin 
of the forarnen magnum and ends posteriorly and above 
at the external occipital protuberance (Fig. 1.11.). 

c. 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 (Fig. 1.1 l a). 

d. Nuchal lines: 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. 

Highest nuchal line is faded and seen above 
superior nuchal line (occasionally). 

Lateral Area 
The lateral area shows: 
• The condylar part of the occipital bone. 
• The squamous part of the occipital bone. 



V3 

Dorsal 

[: 

Temporalls 

Masseter 

ral pterygo1d - - -

Medial pterygoid 

Longiss,mus 
capitis 

Splenius capilis 
rami Superior oblique - -'--"L-_,.,. 

of 
cervical 
nerves Rectus capitis posterior--1~ --!&--

major and minor 

Semispinalis capilis - -----.lo~ D 

Superior constrictor of pharynx (pharyngeal plexus) 

INTRODUCTION AND OSTEOLOGY 1.J 

~~~ ~--4~1\-- Musculus uvulae 
(pharyngeal plexus) 

Tensor veli palalini (V3) 
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Fig. 1.14: Muscles attached to the base of skull with their nerve supply 

• The jugular foramen between the occipital and 
petrous temporal bones. 

• The styloid process of the temporal bone. 
• The mastoid part of the temporal bone. 

a. The condylar or lateral part of the occipital bone 
presents the following. 

i. The occipital condyles are oval in shape and are 
situated on each side of the anterior part of 
the fo ra me n magnum. Their long axis is 
directed fo rwards and medially. They 
articulate with the superior articular facets of 
the atlas vertebra to form the a tlanto-occipital 
joints (Fig. 1.11). 

ii. The hypoglossal or anterior condylar canal pierces 
the bone anterosuperior to the occipital 
condyle, and is directed laterally and slightly 
forwards. 

iii. 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. 

iv. The jugular process of the occipital bone lies 
lateral to the occipital condyle and forms 
the posterior boundary of jugular foramen 
(Fig. 1.11). 

b. Squamous part of occipital bone is marked by the 
superior and inferior nuchal lines mentioned 
above (Fig. 1.5). 

c. The jugular fornmen is la rge a nd elon ga ted, 
with its long axis directed forwards and medially. 
It is placed at the posterior end of the petro-
occipital suture (Fig. 1.1 l a). 

At the posterior end of the foramen, its anterior 
wall (petrous temporal) is hollowed out to form 
jugular fos sn 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. 
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Near the medial end of the jugular foramen, 
there is the jugular notch. At the apex of the notch, 
there is an opening tha t leads into the cochlear 
canaliculus. 

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

d. Styloid process will be described in Chapter 8. 
The stylomastoid foramen is situated posterior to 
the root of the styloid process, at the anterior end 
of the mastoid notch. 

e. The mastoid process is a large conical projection 
located p osterola teral to the s ty lomastoid 
foramen. It is directed downwards and for wards. 
It forms the lateral wall of the mastoid notch 
(Fig. 1.5). 

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. 1.14). 

2 The palatine crest provides attachment to a part of 
the tendon of tensor veli palatini muscle (Fig. 1.14). 

3 The a ttachments on the inferior s urface of the 
basiocciput are as follows: 
a. The pharyngeal tubercle gives a ttachment 

to the raphe which provides insertion to the 
upper fibres of the superior constrictor muscle of 
the pharynx (Fig. l. 14). 

b. The area in front of the tubercle forms the roof of 
the nasopharynx and supports the pharyngeal 
tonsil. 

c. The long us capi tis is in serted lateral to the 
pharyngeal tubercle (Fig. 1.14). 

d . The rectus capitis anterior is inser ted a little 
posterior and medial to the hypoglossal canal 
(Fig. 1.14). 

4 The attachments on the medial pterygoid plate are 
as follows: 
a. The pharyngobasilar fascia is attached below to the 

processus tuberis. 
Processus tuberis is a triangular projection 

which is present at the middle of the posterior 
border of medial pterygoid plate. It supports the 
medial end of cartilaginous part of auditory tube. 

b. The lower part of the posterior border, and the 
pterygoid hamulus, give origin to the superior 
constrictor of the pharynx. 

c. The upper part of the posterior border is notched 
by the auditory tube. 

d. The pterygomandilntlar rnphe is attached to the tip 
of the pterygoid ham11lus a t one end and to the 
mandible behind 3rd molar tooth at the other end. 

e. The pterygospinous process w hich is present at 
the middle of medial pterygoid p la te g ives 
a ttachment to the ligament of same nam e. 

5 The attachments on the lateral pterygoid plate are 
as follows: 
a. Its lateral surface gives origin to the lower head of 

lateral pterygoid muscle (Fig. 1.14). 
b. Its medial surface gives origin to the deep head of 

the medial pterygoid. The small, superficial head 
of this muscle arises from the maxillary tuberosity 
and the adjoining part of the pyramidal process 
of the palatine bone (Fig. 1.14). 

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

7 The spine of the sphenoid is related laterally to the 
auriculotemporal nerve, and medially to the chorda 
tt;mpani nerve and auditory tube (Fig. l .llb). 

Its tip provides attachment to the (i) sphenomandi-
bular ligament, (ii) anterior ligament of malleus, and 
(iii) pterygospinous ligament. 

Its anterior aspect gives origin to the most posterior 
fibres of the tensor veli palatini and tensor tympani 
muscles. 

8 The inferior surface of petrous temporal bone gives 
origin to the levator veli palatini (Fig. 1.14). 

9 The ma rgins of the foramen magnum provide 
attachment to: 
a. The anterior atlanto-occipital membrane anteriorly 

(see Fig. 9.11). 
b. The posteriar ntla11to-ocdpital membrane posteriorly. 
c. The afar ligaments on the roughened medial 

surface of each occipital condyle (see Fig. 9.12). 
10 The ligamentum n11chae is a ttached to the external 

occipital protuberance and crest. 
11 The rect11s capitis lateralis is inserted into the inferior 

surface of the jugular process of the occipital bone 
(Fig. 1.14). 

12 The following are attached to the squamous part of 
the occipital bone (Fig. 1.14). 

The area between the superior and inferior nuchal 
lines provides insertion medially to the semispinalis 
capitis, and latera lly 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. 1.14). 

13 The mastoid notch gives origin to the posterior belly of 
digastric muscle (Fig. 1.14). 

Struct11res passing through, foramina 
1 Each incisive foramen transmits: 

a. The terminal parts of the greater palatine vessels 
from the palate to the nose. 



b. The terminal part of the nasopalatine nerve from 
the nose to the palate (Fig. l.lla). 

2 The greater palatine fora111e11 transmits: 
a. The greater palatine vessels. 
b. The anterior palatine nerve, both of which run 

forwards in the groove that passes forwards from 
the foramen (see Fig. 15.16a). 

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

4 The palatinovaginal canal transmits: 
a. A pharyngeal branch from the pterygopalatine 

ganglion (see Fig. 15.16a). 
b. A small pharyngeal branch of the maxillary artery. 

5 The vomerovaginal canal (if patent) transmits 
branches of the phan;ngeal bra11ch from pterygo-
palatine ganglion and vessels. 

6 The foramen ovate transmits (mnemonic-MALE) 
a. The mandibular nerve (Fig. 1.11) 
b. The accessory meningeal artery. 
c. The lesser petrosal nerve 
d. An emissary vein connecting the cavernous sinus 

with the pterygoid plexus of veins. 
e. Anterior trunk of middle meningeal vein 

(occasionally). 
7 The foramen spi nosu m trans mi ts the middle meningeal 

artery (Fig. l. lla), the meningeal branch of the 
mandibular nerve or nervus spinosus, and the 
posterior trunk of the middle meningeal vein. 

8 The emissary sphenoidal foramen (fora.men of Vesalius) 
transmits an emissary vein connecting the cavernous 
sinus with the pterygoid plexus of veins. 

9 When present the canaliculus innominatus transmits 
the lesser petrosal nerve, (in place of foramen ovale). 

10 The carotid canal transmits the internal carotid arten;, 
and the venous and sympathetic plexuses around the 
artery (Fig. l.lla). 

Anterior 

Internal carotid artery and -----, 
sympathetic plexus 

Greater petrosal nerve-----
(branch of facial nerve) 
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11 The structures passing through the foramen lacerum: 

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 sympa thetic 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 
pten;goid canal (Vidian's nerve) which leaves the 
foramen by entering the pterygoid canal in the 
anterior wall of the fora.men lacerum (Fig. 1.15). 

12 The medial end of the petrotympanic fissure transmits 
the chorda tympani nerve, anterior ligament 
of ma lle us and the anterior tympanic artery 
(Fig. l.lla). 

13 The foramen magnum (Fig. 1.16) transmits the 
following. 
Through the narrow anterior part: 
a. Apical Ligament of dens. 
b. Vertical band of cruciate ligament. 
c. Membrana tectoria. 
Through wider posterior part: 
a. Lowest part of medulla oblongata. 
b Three meninges. 
Through the subarachnoid space pass: 
a. Spinal accessory nerves. 
b. Vertebra l arteries. 
c. Sympathetic plexus around the vertebral arteries. 
d. Posterior spinal arteries. 
e. Anterior spinal artery. 

Posterior 

----------Deep petrosal nerve 
(from sympathetic 
plexus) 

----Petrous temporal 

----Meningeal branch of 
ascending pharyngeal 
artery 

Cartilage filling lower 
end of foramen lacerum 

Fig. 1.15: Structures related to the foramen lacerum 
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Apical ligament-----~ 

Upper vertical band of cruciate ligament-----
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Arachnoid mater 

Vertebral artery (4th part) - -1--Aq 
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---+·"'--- First tooth of ligamentum 
denliculatum 

Spinal root of accessory 
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Lowest part of medulla oblongata ------' Pia mater 

Fig. 1.16: Structures passing through foramen magnum 

14 The hypoglossal or anterior condylar canal transmits 
the hypoglossa/ nerve, the meningeal branch of the 
hypoglossal nerve (these are the sensory fibres of 
cervical first spinal nerve supplying the dura mater 
of posterior cranial fossa) the meningeal branch of 
the ascending pharyngeal artery, and an emissary 
vein connecting the sigmoid sinus with the internal 
jugular vein (Table 1.1). 

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

16 The jugular foramen transmits the following structures: 
i. Through the anterior part: 

(a) Inferior petrosal sinus. 
(b) Meningeal branch of the ascending pharyngeal 
artery. 

ii. Through the middle part: IX, X and XI cranial nerves. 
iii. Through the posterior part: 

a. Internal jugular vein (Fig. 1.lla, also see Fig. 4.46, 
Volume 4). 

b. Meningeal branch of the occipital artery. 
The glossopharyngeal notch near the medfal end of 
the jugular foramen lodges the inferior ganglion of 
the glossopharyngeal nerve. 

17 The mastoid canaliculus (Arnold's canal) in the 
la tera l wall of the jugular fossa transmits the 
auricuJar branch of the vagus (Arnold's nerve). The 
nerve passes laterally through the bone, crosses the 
facial canal, and emerges at the tympanomastoid 
fissure . The nerve is extracranial a t bir th, b ut 
becomes surrounded by bone as the tympanic plate 
and mas to id process develop (also called 
Alderman's nerve). 

18 The tyrnpanic canaliculus on the thin edge of partition 
b etween the jugula r fossa and ca ro tid ca nal 
transmits the tympanic branch of glossopharyngeal 
nerve (Jacobson's nerve) to the middle ea r cavity. 

19 The stylomastoid fora men transmits the facial nerve 
a nd the stylomastoid bran ch of the poster ior 
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 endocranium which 

is continuous with the pericranium through the 
foramina and sutures. 

2 The thickness of the cranial vault is variable. The 
bon es covered with muscles, i.e. temporal and 
posterio r cran ial 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. 
c. The diploes 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 Httle 
from the arteries of the scalp. Blood supply from the 
o utside is rich in those areas wh ere muscles are 
attached, e.g. the temporal fossa and the suboccipitaJ 
region . The blood from the diploes is drained by four 
diploic veins on each side draining into venous sinuses 
(Table 1.2 and Fig. 1.17). 

Many bones, like vomer (La tin plowshare), p terygoid 
plates, do no t have an y d iploe. 

INTERNAL SURFACE OF CRANIAL VAULT 
The shape, the bones present, and the sutures uniting 
them have been described with the norma ver ticalis. 
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Vein 
Table 1.2: Diploic veins 

Foramen Drainage 
1. Frontal diploic vein Supraorbital foramen Drain into supraorbital vein 

Sphenoparietal sinus or in anterior 
deep temporal vein 

2. Anterior temporal or parietal diploic vein In the greater wing of sphenoid 

3. Posterior temporal or parietal diploic vein Mastoid foramen Transverse sinus 
4. Occipital diploic vein {largest) Foramen in occipital bone Occipital vein or confluence of sinuses 

Venous lacunaie 5. Small unnamed diploic veins Pierce inner table of skull close to the 
margins of superior sagittal sinus 

Occipital 

Fig. 1.17: Diploic veins in an adult 

The following features may be noted: 
a. The inner table is thin and brittle. It presents 

markings produced by meningeal vessels, venous 
sinuses, a rachnoid granula tions, and to some 
extent by cerebral gyri. It also presents raised 
ridges formed by the attachments of the dural 
folds. 

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

c. The sagittal sulcus runs from before backwards in 
the median plane. It becomes progressive I y wider 
posteriorly. It lodges the superior sagittal sinus. 

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

e. The vascular markings. The groove for the anterior 
branch of the middle meningeal artery, and the 

accompanying vein runs upwards 1 cm behind 
the coron al 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. 1.8). 

f. The parietal foramina open n ear the sagitta l 
sulcus 2.5 to 3.75 cm in front of the lambdoid 
suture (Fig. 1.2). 

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

INTERNAL SURFACE OF THE BASE OF SKULL 
The interior of the base of skull presents natural 
subdivisions into the anterior, middle and posterior 
cranial fossae. The dura mater is f:irmJy adherent to the 
floor of fossae and is continuous w ith pericranium 
through the foramina and fissures. 
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Anterior Cranial Fossa (refer to BOC App) 

Boundaries 
Anteriorly and on the sides, by the frontal bone (Fig. 1.18). 

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. 

Anterior ethmoidal canal -----. 

Posterior ethmoidal canal 

Optic canal 

Foramen rotundum 

Foramen ovale 

Foramen spinosum 

Foramen lacerum 
and apex of petrous temporal 

Dorsum sellae 

Clivus 

Hypoglossal canal 

Groove for sigmoid sinus 

Vermian rossa 

Groove for 
transverse sinus 

.. 

Other Features 
1 The cribriform plate of the ethmoid bone separates the 

anterior cranial fossa from the nasal cavity. It is 
quadrilateral in shape (Fig. 1.18). 
a. Anterior margin articulates with the frontal bone 

at the frontoethmoidal suture which is marked in the 
median plane by the fora men caecum. This foramen 
is usually blind, but is occasionally patent. 

b. Posterior margin articulates with the jugum 
sphenoidale. At the posterolateraJ corners, we see 
the posterior ethmoidal canals. 

c. Its lateral margins articulate with the orbital plate 
of the fronta l bone: the suture between them 
presents the anterior ethmoidal canal placed behind 
the crista galli (Fig. 1.18). 
Anteriorly, the cribriform plate has a midline 

projection called the crista galli (Latin cock's comb). 

:u~------....... .----- Crista galli 

------,,.--+--\---- Frontal bone, lesser wing of 
sphenoid bone 

~~-----\\..\-- Posterior clinold process 

""""----\-\--Space for trigeminal ganglion 

Temporal bone, petrous part 

Petro-occipital fissure 

Internal acoustic meatus 

Jugular foramen 

Foramen magnum 

Cerebellar fossa, part of posterior 
cranial fossa 

Cerebral fossa 
(occipital lobe) 

'--- - Confluence of the sinuses 
(internal occipital protuberance) 

Fig. 1.18: The cranial fossae 



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. 

2 The jugwn sphenoidale separates the anterior cranial 
fossa from the sphenoidal sinuses. 

3 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. 

4 The lesser wing of the sphenoid is broad medially where 
it is continuous with the jugurn sphenoida le 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. Infe-
riorly, 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. 

CLINICAL ANATOMY 

Fracture of the anterior cranial fossa may cause 
bleed ing and discharge of cerebrospinal fluid 
through the nose. Tt may also cause a condition called 
black eye which is produced by seepage of blood into 
the eyelid, as frontalis muscle has no bony origin 
(see Fig. 2.8). 

Middle Cranial Fosso 
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 (refer to BOC App). 

Boundaries 
Anterior 
1 Posterior border of the lesser wing of the sphenoid. 
2 Anterior clinoid process. 
3 Anterior margin of the sulcus chiasmaticus. 
Posterior 
1 Superior border of the petrous temporal bone. 
2 The dorsum sellae of the sphenoid. 
Lateral 
1 Greater wing of the sphenoid. 
2 Anteroinferior angle of the parietal bone. 
3 The squamous temporal bone. 
Floor 
Floor is formed by body of sphenoid in the median 
region and by greater wing of sphenoid, squamous 
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temporal and anterior surface of petrous temporal on 
each side. 

Other Features 
Median area 
The body of the sphenoid presents the following 
features. 
1 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. 

2 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 sphenoid. 

3 The sell a turcica (pituitary fossa or hypophyseal fossa): 
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 se/lae behind (Fig. 1.18). 
The tubercu/um sellae separates the optic groove from 

the hypophyseal fossa. Its lateral ends form the middle 
c/inoid process which may join the anterior clinoid 
process. 

The hypophyseal fossa lodges the hypophysis cerebri. 
Beneath the floor of fossa lie the sphenoidal air sinuses. 

The dorsum sellae is a transverse plate of bone 
projecting 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 (see Fig. 13.4). 
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 of Zinn. The ring divides 
the fissure into three parts. 

4 The greater wing of the sphenoid presents the following 
features: 
a. The Joramen rotundum leads anteriorly to the 

pterygopalatine fossa containing pterygopalatine 
ganglia (see Table A.2 in Appendix). 
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b. The foramen ova le lies posterola tera1 to the fo ra men 
rotundum and lateral to the lingula. It leads 
inferiorly to the infratemporal fossa (Fig. 1.18). 

c. The foramen spinosum lies posterolateral to the 
foramen ovale. It also leads, inferiorly, to the 
infratemporal fossa (Fig. 1.18). 

d. The emissary sphenoidal foramen or foramen of 
Vesalius. It carries an emissary vein. 

5 Theforamen lacerum lies at the posterior end of the 
carotid groove, posteromedial to the foramen 
ovale. 

6 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 (see Fig. 12.4). 

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 canaliculus 
innominatus to relay in otic ganglion (Fig. 1.36). 

d. Still more laterally there is the arcuate eminence 
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 can al 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 petrosquamous and 
petrotympank 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. 

CLINICAL ANATOMY 

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. 
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. 

Posterior Cranial Fossa 
This is the largest and deepest of the three cranial fossae. 
The posterior cranial fossa con ta.ins the hind brain which 
consists of the cerebellum behind and the pons and medulla 
in front (refer to BOC App). 

Boundaries 
Anterior 
1 The superior border of the petrous temporal bone. 
2 The dorsum sellae of the sphenoid bone (Fig. 1.18). 

Posterior 
Squamous part of the occipital bone. 

On each side 
1 Mastoid part of the temporal bone. 
2 The mastoid angle of the parietal bone. 

Floor 
Median area 
1 Sloping area behind the dorsum sellae or clivus in 

front 
2 The foramen magnum in the middle 
3 The squamous occipital behind. 
Lateral area 
1 Condylar or lateral part of occipital bone. 
2 Posterior surface of the petrous temporal bone. 
3 Mastoid temporal bone. 
4 Mastoid angle of the parietal bone. 

Other Features 
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. 1.18). 
On each side, the cLivus is separated from the petrous 
temporal bone by the petro-occipital fissure which is 
grooved by the inferior p etrosa I sinus, and is 
continuous behind with the jug ular foramen. 

2 The foramen magnum lies in the floor of the fossa. The 
anterior part of the fora men is narrow because it is 
overlapped by the medial surfaces of the occipital 
condyles. 

3 The squamous part of the occipital bone shows the 
following features: 
a. The internal occipital protuberance lies opposi te 

the external occipital protuberance. It is related 
to the confluence of sinuses, and is grooved on 
each side by the beginning of transverse sinuses. 



b. 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 (Fig. 1.18). 

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 sukus lodges the transverse sinus. The 
right transverse sulcus is usually wider than the 
left and is continuous medially with the superior 
sagittal sulcus (Fig. 1.18). 

d. On each side of the internal occipital crest, there 
are deep fo ssae which lodge the cerebellar 
hemispheres (Fig. 1.18). 

Lateral area 
1 The condylar part of the occipital bone is marked by the 

following. 
a. The jugular tubercle lies over the occipital condyle. 
b. The hypoglossal canal (anterior cond ylar canal) 

pierces the bone posteroanterior to the jugular 
tubercle and runs obliquely forwards and laterally 
along the line of fus ion between the basilar and 
the condylar parts of the occipital bone. 

c. The condylar canal (posterior condylar canal) opens 
in the lower part of the sigmoid sulcus which 
indents the jugular process of occipital bone. 

2 The posterior surface of the petrous part of the temporal 
bone forms the anterolateral wall of the posterior 
cranial fossa. The folJowing features may be noted: 
a. The internal acoustic meatus opens above the 

anterior part of the jugular foramen. It is about 
1 cm long and runs transversely in a latera l 
direction . It is closed laterally by a perforated plate 
of bone known as lamina cribrosa which separates 
it from the internal ear (Fig. 1.18). 

b. The orifice of the aqueduct of the vestibule is a narrow 
slit lying behind the internal acoustic meatus. 

c. Th e subarcuate fo ssa lies below the arcuate 
eminence, lateral to the internal acoustic meatus. 

3 The jugular foramen lies at the posterior end of the 
petro-occipital fissure. The upper margin is sharp 
and irregular, and presents the glossopharyngeal notch. 
The lower margin is smooth and regular (see Fig. 4.46, 
Vol. 4). 

4 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 
forarnen. The sigmoid sulcus lodges the sigmoid sinus 
which become the internal jugular vein at the jugular 
foramen (Fig. 1.18). The sulcus is related anteriorly 
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to the tympanic antrum. The 1nastoid 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: Interior of the Skull 
Attacf1111ent 011 vault 
1 The frontal crest gives attachment to the faLx cerebri 

(see Fig. 12.2). 
2 The lips of the sagittal sulcus give attachment to the 

falx cerebri (see Fig. 12.2). 

Anterior cra11ial 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 (see Fig. 12.3). 

Middle cranial fossa 
1 The middle cranial fossa lodges the temporal lobe of 

the cerebral hemisphere. 
2 The tuberculum sellae provides attachment to the 

diaphrngma sellae (see Fig. 12.5). 
3 The hypophyseal fossa lodges the hypophysis cerebri. 
4 Upper margin of the dorsum sellae provides 

attachment to the diaphragma sellae, and the 
pos terior clinoid process to anterior end of the 
attached margin of tentorium cerebelli and to the 
petrosphenoidal ligament (see Fig. 12.3). 

5 One cavernous sinus lies on each side of the body of 
the sphenoid. The internal carotid artery passes 
through the cavernous sinus (see Fig. 12.6). 

6 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 (trigeminal impression). 

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 tlte dens near the foramen 
magnum, upper vertical band of cruciate ligament 
and to the membrana tectoria just above the apica l 
ligament (Fig. 1.16). 

3 The internal occipital crest gives attachment to the 
falx cerebelli. 
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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 
p etrous temporal bone lodges the floccul1ts of the 
cerebellum. 

Structures Passing through Foramlna 
The following foramina seen in the cranial fossae have 
been dealt with under the norma basalis: foramen ovale, 
foramen spinosum, emissary sphenoidal foramen, 
foramen lacerwn, fora men magnum, jugular foramen, 
hypoglossal canal, and posterior condylar canal. Addi-
tiona I foramina seen in the cranial fossae a re as follows. 
1 The foramen caecum in the anterior crania l fossa is 

usually blind, but occasionally it transmits a vein 
from the upper part of nose to the superior sagittal 
sinus. 

2 The posterior ethmoidal canal transmits the vessels of 
the same name. Note that the posterior ethmoidal 
nerve does not pass through the canal as it terminates 
earlier. 

3 The anterior ethmoidal canal transmits the co.rres-
ponding nerve and vessels. 

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

5 The three parts of the superior orbital fissure (see 
Fig. 13.4) transmit the following structures: 
l.llteral part 
a. Lacrimal nerve 
b. Frontal nerve 
c. Trochlear nerve 
d. Superior ophthalmic vein 
Middle part 
a. Upper and lower div isions of the oculomotor 

nerve (Table 1.4). 
b. Nasociliary nerve in between the two divisions of 

the ocuJomotor. 
c. The abducent nerve, inferolateral to the foregoing 

nerves (see Fig. 13.4). 
Medial part 
a. lnferior ophthalmic vein. 
b. Sympathetic nerves from the plexus around the 

internal carotid artery. 
6 The foramen rotund um transmits the maxillary nerve 

(see Fig. 15.15). 
7 The internal acoustic meatus transmits the seventh and 

eighth cranial nerves and the labyrinthine vessels. 

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. 

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 commonl y involved in such fractures, 
particuJarly along the foramina. 

4 The inner table is more brittle than the outer table. 
Therefore, fractures are more extensive on the inner 
table. 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. 
b. The middle cranial fossa of the base. This fossa is 

weakened by nwnerous foramina and canals. 
The facial bones commonly fractured are: 
a. The nasal bone 
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 (refer to BDC App). 

Shape and Disposition 
Each orbit resembles a four-sided pyramid. Thus, it 
has: 
• An apex situa ted at the posterior end of orbit at the 

medial end of superior orbital fissure. 
• A base seen as the orbital opening on the face. 
• Four walls: Roof, floor, lateral and medial walls. 

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. 1.19). 

Roof 
It is concave from side to side. It is formed: 
1 MainJy by the orbital plate of the frontal bone. 
2 It is completed posteriorly by the lesser wing of the 

sphenoid (Fig. 1.20). 

Relations 
1 It separates the orbit from the anterior cranial fossa. 
2 The frontal air sinus may extend into its anteromedial 

part. 



Visual axis----~ 

Lateral wall 
of orbit 

Optic nerve--~ 

Medial wall 
of orbit 

Fig. 1.19: Diagram comparing the orientation of the orbital axis 
and the visual axis 

Named Features 
1 The lacrimal fossa, placed anterolaterally, lodges the 

lacrimal gland (Fig. 1.20). 
2 The optic canal lies posteriorly, at the junction of the 

roof and medial wall (Figs 1.20 and 1.21). 
3 The trochlear fossa lies anteromedially. It provides 

attachment to the fibrous pulley or trochlea for the 
tendon of the superior oblique muscle (Fig. 1.20). 
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Lateral Wall 
This is the thickest and strongest of all the walls of the 
orbit. It is formed: 
1 By the anterior surface of the greater wing of the 

sphenoid bone posteriorly (Fig. 1.21). 
2 By the orbital surface of the frontal process of the 

zygomatic bone anteriorly. 

Relations 
1 The greater wing of the sphenoid separates the orbit 

from the mjdd le cranial fossa. 
2 The zygomatic bone separates it from the temporal fossa. 

Named Features 
1 The superior orbital fissure occupies the posterior part 

of the junction between the roof and lateral wall. 
2 The Joramen for the zygomatic nerve is seen in the 

zygomatic bone. 
3 Whitnall's or zygomatic tubercle is a palpable elevation 

on the zygomatic bone just within the orbital margin. 
It provides attachment to the lateral check ligament 
of eyeball (Fig. 1.20). 

Floor 
It slopes upwards and medially to join the medial wall. 
It is formed: 
1 Mainly by the orbital surface of the maxilla (Fig. 1.21). 
2 By the lower part of the orbi ta! surface of the 

zygomatic bone, anterolaterally. 

Lacrimal fossa 

Orbital plate of 
frontal bone 

Floor 

Superior orbital fissure 

Whitnall's tubercle 

Zygomatic nerve in 
inferior orbital fissure 

lnfraorbital nerve and 
artery in the groove 

Lesser wing 
or sphenold 

lnfraorbital foramenJ 

Trochlear rossa 

Optic canal 

Anterior and posterior 
ethmoidal canals 

Body or the sphenoid 

'---- Origin of inferior oblique muscle 

Orbital surface or maxilla 
Orbital process or palatine 

Fig. 1.20: The orbit seen from the front (schematic) 
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Optic canal 

Orbital surface of lesser------~ 
wing of sphenoid bone 

Orbital surface of greater ---
wing of sphenoid bone 

--+--+----Nasal bone 
-t- --:i,...---- Maxilla bone 

Orbital surface of maxilla 

Fig. 1.21: The orbit seen from the front 

3 The orbita l process of the palatine bone, a t the 
p osterior angle. 

Relation 
It separa tes the orbit from the maxillary sinus. 

Named Features 
1 The inferior orbital fissure occupies the posterio r part 

of the junction between the la teral wall and floor. 
Through this fissure, the orbit communicates with 
the infratemporal fossa anteriorly and w ith the 
pterygopala tine fossa posteriorly (Figs 1.20 and 1.21). 

2 The infraorbital groove runs forwards in relation to 
the floor. 

3 A small depression on anteromedial part of the 
floor gives origin to inferior oblique muscle. 

Medial Wall 
It is very thin. From before backwards, it is formed by: 
1 The frontal process of the maxilla. 
2 The lacrimal bone (Fig. 1.21). 
3 The orbital p late of the ethmoid. 
4 The body of the sphenoid bone. 

Relations 
1 The lacrimal groove, formed by the maxilla and the 

lacrimal bone, separates the orbit from the nasal 
cavity. 

2 The orbital plate of the ethmoid separates the orbit 
from the ethmoidal air sinuses. 

3 The sphenoidal sinuses are separated from the orbit 
only by a thin layer of bone. 

Named Features 
1 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 duct, to the inferior meatus of the 
nose (Fig. 1.21). 

2 The anterior and posterior ethmoidal foramina lie on 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 or bita l fissure have been 
described in cranial fossae (see Fig. 13.4). 

2 The inferior orbital fissure transmits: 
a. The zygomatic nerve, 
b. The orbital branches of the pterygopalatine ganglion, 
c. The infraorbital nerve and vessels, a nd the 

communication between the inferior ophthalmic 
vein and the pterygoid p lexus of veins (Fig. 1.20). 

3 Th e infraorbital groove and canal t ra ns mi t the 
corresponding nerve and vessels. 

4 The zygomatic foramen transmits the zygomatic nerve. 
5 The anterior ethmoidal foramen transmits the corres-

ponding nerve and vessels. 
6 Posterior ethmoidal foramen only transmits vessels of 

same name (Fig. 1.20). 

FOETAL SKULL/NEONATAL SKULL 

DIMENSIONS 
1 Skull is large in proportion to th e other parts of 

skeleton. 



2 Foetal skeleton is small as compared to calvaria. In 
foetal skull, the facial skeleton is 1/ 7th of calvaria; 
in adults, it is half of calvaria. The foetal skeleton is 
small due to rudimentary mandible and maxillae, 
non-eruption of teeth, and small size of maxillary 
sinus and nasal cavity. The large size of ca lva ria is 
due to precocious growth of brain. 

3 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. 

STRUCTURE OF BONES 
The bones of cranial vault are smooth and unilamellar; 
there is no diploe. The tables and diploes appear by 
fourth year of age (Fig. 1.17 and Table 1.2). 

Bony Prominences 
1 Frontal and parietal tubera are prominent. 
2 Glabella, superciliary arches and mastoid processes 

are not developed. 

Paranasal Air Sinuses 
These are rudimentary or absent. 

Temporal Bone 
1 The internal ear, tympanic cavity, tympanic antrum, 

and ear ossicles are of adult size. 
2 The tympanic part is represented by an incomplete 

tympanic ring. 
3 Mastoid process is absent, it appears d uring the later 

part of second yea r. 
4 External acoustic meatus is short and straight. Its 

bony part is unossified and represented by a fibro-
cartilaginous plate. 

5 Tympanic membrane faces more downwards than 
laterally due to the absence of mastoid process. 

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

7 Sty loid process lies immediately behind the 
tympanic ring and has not fused with the remainder 
of the temporal bone. 

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

9 The subarcuate fossa is very deep and prominent. 
10 Facial canal is sh ort. 

Orbits 
These are large. The germs of developing teeth lies close 
to the orbital floor. Orbit comprises base or an outer 
opening with upper, lower, medial and lateral walls. 
Its apex lies at the optic foramen/canal. It also has 
superior and inferior orbital fissures. 
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OSSIFICATION OF BONES 

• Two halves of frontal bone are separated by 
metopic suture. 

• The mandible is also present in two halves. It is a 
derivative of first branchial arch. 

• Occipital bone is in four parts (squamous one, 
condylar two, and basilar one). 

• The four bony elements of temporal bone are 
separate, except for the commencing union of the 
tympanic part with the squamous and petrous 
parts. The second centre for styloid process has 
not appeared. 

• Unossified membranous gaps, a total of 6 
fontanelles at the angles of the parietal bones are 
present (Fig. 1.3). 

• Squamous suture between parietal and squamous 
temporal bone is present. 

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 yea r, and then it slows up to 

the seventh yea r w hen it is almost of adult size. 
2 Growth in breadth: This growth occurs at the sagittal 

suture, sutures bordering greater wings, occipito-
mas toid suture, and the petro-occipital suture at the 
base. 

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

4 Growth i11 rmteroposterior diameter: This growtl1 occurs 
at the coronal and larnbdoid sutures. 

Growth of the Base 
The base grows in anteroposterior diameter at three 
cartilaginous plates situated between the occipital and 
sphenoid bones, between the p re- and post-sph enoids, 
and between the sphenoid and ethmoid. 

Growth of the Face 
1 Growth of orbits and ethmoid is completed by 

seventh year. 
2 In the face, the growth occurs mostly during first year, 

al though it continues till puberty and even later. 
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Closure of Fontanelles 
Anterior fontanelle (bregma) closes by 18 months, 
mastoid fontanelle by 12 months, posterior fontanelle 
(lambda) by 2-3 months and sphenoidal fontanelle also 
by 2-3 months (Fig. 1.3). 

CLINICAL ANATOMY 

• Fontanelles help to determine the age in 1-2 years 
of child. 

• Help to know the intracranial pressure. In case of 
increased pressure, bulging is seen and in case 
of dehydration, depression is seen at the site of 
fontanelles. 

Thickening of Bones 
1 Two tables and diploe appear by fourth year. 

Differentiation reaches maximum by about 35 years, 
when the diploic veins produce characteristic 
marking in the radiographs. 

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

Obliteratlon of Sutures of the Vault 
1 Obliteration begins on the inner surface between 30 

and 40 years, and on the outer surface between 40 
and 50 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 larnbdoid 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 1.3. 

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

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

Features 
Table 1.3: Sex differences in the skull 
Males Females 

Lighter 
Smaller 

1. Weight 
2. Size 
3. Capacity 
4. Walls 
5. Muscular ridges, glabella, 

superciliary arches, temporal 
lines, mastoid processes, 
superior nuchal lines, and 
external occipital protuberance 

6. Tympanic plate 

7. Supraorbital margin 
8. Forehead 
9. Frontal and parietal tubera 

10. Vault 
11 . Contour of face 

Heavier 
Larger 
Greater in males 
Thicker 
More marked 

Larger and margins are more roughened 

More rounded 
Sloping (receding) 
Less prominent 
Rounded 
Longer due to greater depth of the jaws. Chin is bigger 
and projects more forwards. In general, the skull is 
more rugged due to muscular markings and 
processes; and zygomatic bones are more massive 

10% less than males 
Thinner 
Less marked 

Smaller and margins are 
less roughened 
Sharp 
Vertical 
More prominent 
Somewhat flattened 
Rounded, facial bones are 
smoother, and mandible 
and maxillae are smaller. 
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Cephalic Index 
It expresses the shape of the head, and is the proportion 
of breadth to length of the skull. Thus: 

C h li . d Breadth lOO ep a cm ex= x 
Length 

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. Mesaticephalic when the index is between 75 and 80. 
c. Brachycephalic or short-headed or round-headed 

when the index is above 80. 
d. Dolichocephaly is a feature of primitive races like 

Eskimos, egroes, etc. 
e. Brachycephaly through mesaticephaly has been a 

continuous change in the advanced races, like the 
Europeans. 

Facial Angle 
This is the angle between two lines drawn from the 
nasion to the basion or anterior margin of foramen 
magnum and a line drawn from basion to the prosthion 
or central point on upper incisor alveolus (Fig. J .9). 

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, w hich 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. 

Abnormal Crania 
O:n;cephaly or acrocephaly, tower-skull, or steeple-skull 
is an abnormally tall skull. It is due to premature closure 
of the suture between presphenoid and postsphenoid 
in the base, and the coronal suture in skull cap, so that 
the skull is very short anteroposteriorly. Compensation 
is done by the upward growth of skull fo r 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. 

MANDIBLE 

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

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

The outer surface presents the following features. 
a. 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 (Fig. 1.22). 

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

c. The mental foramen lies below the interval between 
the premolar teeth (Table 1.4). 

d. The oblique line is the continuation of the sharp 
anterior border of the ramus of the mandible. It 
ru ns downwards and forwards towards the 
mental tubercle. 

e. The incisive fossa is a depression that lies just below 
the incisor teeth. 

The inner surface presents the folJowing features. 
a. The 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) (Fig. 1.23). 

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

c. Above the mylohyoid line, there is the subling11al 
fossa in which the sublingual gland lies. 

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

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

Condylar 
process 

Neck 

Head ----Mandibular notch 
Coronoid process 
Body 

----~Mental 
foramen 

Mental prominence 
Fig. 1.22: Outer surface of right half of the mandible 

Oblique line Base 
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The upper or alveolar border bears sockets for the teeth. 
The lower border of the mandible is also caLied the 

base. Near the midline, the base shows an oval 
depression called the digastric fossa. 

RAMUS 
The ram us is quadrilateral in shape and has: 
• Two surfaces-lateral and medial 
• Fow- borders-upper, lower, anterior and posterior 
• Two processes-<:oronoid and condyloid. 

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 ramus at the level of occlusal surfaces of the 
tee th. It leads into the mandibular canal which 
descends into the body of the mandible and opens 
at the mental foramen (Fig. 1.23). 

2 The anterior margin of the mandibular foramen 
is marked by a sharp tongue-shaped projection 
called the lingula. The lingula is directed towards 
the head or condyloid process of the mandible. 

3 The mylohyoid groove begins just below the 
mandibular foramen, and runs downwards and 
forwa rds to be gradually lost over the submandi-
bular fossa. 

The upper border of the ramus is thin and is curved 
down wards 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. 

Coronoid process 

Sphenomandibular - -+---. 

Sublingual 
Iossa 

ligament 

Mylohyoid 
groove 

~ - ------+-- Mylohyoid 

Digastric fossa 
Genial tubercles 

line 

Submandibular 
fossa 

Fig. 1.23: Inner surface of right half of the mandible 

.. 

The coronoid (Greek crow's beak) 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 condyloid (Latin knuckle like) process 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. 1.24). 

2 The incisive fossa gives origin to the mentalis and 
mental slips of the orbirnlaris oris. 

3 The parts of both the inner and outer surfaces just 
below the alveolar margin are covered by the 
mucous membrane of the mouth. 

4 Mylohyoid line gives origin to the mylohyoid muscle 
(Fig. 1.23). 

5 Superior constrictor muscle of the pharynx arises from 
an area above the posterior end of the mylohyoid 
line. 

6 Pterygoma11dibular raphe is attached immedia tely 
behind the third molar tooth in continuation with 
the origin of superior constrictor. 

7 Upper genial tubercle gives origin to the geniogloss11s, 
and the lower tubercle to geniohyoid (Fig. 1.25). 

8 Anterior belly of the digastric muscle arises from the 
digastric fossa (Fig. 1.25). 

9 Deep cervical fascia (investing layer) is attached to 
the whole length of lower border. 

10 The platysma is inserted into the lower border 
(Fig. 1.24). 

11 Whole of the lateral surface of ramus except the 
posterosuperior part provides insertion to the 
masseter muscle (Fig. 1.24). 

12 Posterosuperior part of the lateral surface is covered 
by the parotid gland. 

13 Sphenoma11dib11/ar ligament is attached to the lingula 
(Fig. 1.23). 

14 The medial pterygoid muscle is inserted on the 
medial surface of the ram us, on the roughened area 
below and behind the mylohyoid groove (Fig. 1.25). 
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Masseteric nerve and vessels 

Masseter 
Buccinator 

' Facial vessels 
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.-------- Depressor labii inferioris 

~----Mental foramen with mental 
nerve and vessels 

._:i.,..__ Mentalis 
Orbicularis orls 

Platysma 
Fig. 1.24: Muscle attachments and relations of outer surface of the mandible 

•.-4-- Lateral pterygoid 

Auriculotemporal nerve 

Superficial temporal artery 

//L ----=t:::::..- - Mylohyoid groove with nerve 
and artery to mylohyoid 

1---Medial pterygoid 

Mylohyoid 
Digastric: anterior belly 

Fig. 1.25: Muscle attachments and relations of inner surface of the mandible 

15 The lemporalis is inserted into the apex and medial 
s urface of the coronoid p rocess. The insertion 
extends downwards on the anterior border of the 
ramus (Fig. 1.24). 

16 The Intern/ pterygoid 11111scle is inserted into the 
p terygoid fovea on the anterior aspect of the neck 
(Fig. 1.24). 

17 The lateral surface of neck provides attachment to 
the In/era/ ligament of the temporomandibulnr joint 
(see Fig. 6.9). 

FORAMINA AND RELATIONS TO NERVES AND VESSELS 
1 The mental foramen transmits the mental nerve and 

vessels (Fig. 1.24). 
2 The inferior alveolar nerve n11d vessels enter the 

mandibular canal through the mandibular fornmen, and 
ru n forwards within the canal. 

3 The mylohyoid nerve and vessels lie in the mylohyoid 
groove (Fig. 1.25). 

4 The lingual nerve is related to the medial surface of 
the ram us in front of the mylohyoid groove (Fig. 1.25). 

S The area above and behind the mandibular foramen 
is rela ted to the inferior alveolar nerve and vessels and 
to the maxillary artery (Fig. 1.25). 

6 The masseteric nerve and vessels pass through the 
mandibular notch (Fig. 1.24). 

7 The nuriculotemporal nerve and su perficial temporal 
artery are rela ted to the medial side of the neck of 
mandible (Fig. 1.25). 

8 Facial artery is palpable on the lower border of 
mandible at anteroinferior angle of masseter (Fig. 1.24). 

9 Facial and maxillary arteries are not accompanied 
by respective nerves. The lingual nerve does not get 
company of its artery. 
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OSSIFICATION 

The mandible is the second bone, next to the clavicle, to 
ossift; in the body. Its greater part ossifies in membrane. 
The parts ossifying in cartilage include the incisive 
part below the incisor 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 a t 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 firs t 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. 1.26a). 
2 At birth, the mental fora men, opens below the sockets 

for the two deciduous molar teeth near the lower 
border. This is so because the bone is made up 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 w ith the body. The coronoid 
process is large and projects upwards above the level 
of the condyle. 

(a) Child (b) Adult 

In Adults 
1 The mental foramen opens midway between the upper 

and lower borders because the alveolar and sub-
alveolar parts of the bone are equally developed. The 
mandibular canal runs parallel with the mylohyoid 
line. 

2 The angle reduces to about 110 or 120 degrees because 
the ram us becomes almost vertical (Fig. 1.26b ). 

In Old Age 
1 Teeth fall ou t and the alveolar border is absorbed, 

so that the height of body is markedly reduced 
(Fig. 1.26c). 

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. 

Structures Related to Mandible 
Salivary glands: Parotid, submandibular and sublingual 
(Figs 1.22 and 1.23). 

Lymph nodes: Parotid, submandibular and submental. 

Arteries: Maxillary, superficial temporal, masseteric, 
inferior alveolar, mylohyoid, mental and facial 
(Fig. 1.24). 

Nerves: Lingual, auriculotemporal, masseteric, inferior 
alveolar, mylohyoid and mental (Fig. 1.25). 

Mu scles of mastication: Inser tions of temporalis, 
masseter, medial pterygoid and lateral pterygoid. 

Ligaments: Lateral ligament of temporomandibular 
joint, stylomandibular ligament, sphenomandibular 
and pterygomandibular raphe (Fig. 1.25). 

0 

(c) Old age 

Figs 1.26a to c: Age changes in the mandible 
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• 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 areas supplied 
by these nerves become insensitive (Fig. 1.27). 

• The next common fracture of the mandible occurs 
at the angle and neck of mandible (Fig. 1.27). 

Canine fossa 

Angle 

Fig. 1.27: Fracture of the mandible at the neck, at the angle 
and at canine Iossa 

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 forms a part each in 
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 (Fig. 1.28). 

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

3 Medial s urface is marked by a large irregular 
opening, the maxillary hiatus/antrum of Highmore 
for maxillary air sinus. 

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 
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d irected laterally at the zygomatic process. It has four 
surfaces and encloses a large cavity, the maxillary sinus 
described in Chapter 15. 

The surfaces are: 
• Anterior or facial, 
• Posterior or infratemporal, 
• Superior or orbital, and 
• 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 Jossa, which gives origin to depressor septi. 
lncisivus arises from the alveolar margin below the 
fossa, and the nasalis superolateral to the fossa along 
the nasal notch. 

3 La teral to canine eminence, there is a larger and 
d eeper depression, the canine fossa, which gives 
origin to levator anguli oris. 

4 Above the canine fossa, there is infraorbital foramen, 
which transmits infraorbital nerve and vessels (Fig. 1.28). 

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

6 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 nasalis and depressor septi. 

Posterior or lnfratemporal Surface 
1 Posterior surface is convex and directed backwards 

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 
alveolar canals for posterior superior alveolar nerve and 
vessels. 

4 Posteroinferiorly, there is a rounded eminence, the 
maxillary tuberosihJ, which articulates superomedially 
with pyramidal process of palatine bone, and gives 
origin laterally to the st1perficial head of medial pten;goid 
muscle. 

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

Superior or Orbital Surface 
1 Superior surface is smooth, triangular and slightly 

concave, and forms the greater part of the floor of 
orbit. 
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Frontal process, ------~,-_------1-:.1 
anterior lacrimal crest 

Anterior nasal spine--~ 

' 

Orbicularis oculi 

1---1--- lnfratemporal surface 

-+-----~ - Zygomatic process 

- ------+---- Anterior surface 
Buccinator 

Maxillary tuberosity 

Fig. 1.28: Latera l aspect of maxilla with muscular attachments 

2 Anterior border forms a part of infraorbital margin. 
Medially, it is continuous with the lacrimal crest of 
the frontal process. 

3 Posterior border is smooth and rounded, it forms most 
of the anterior margin of inferior orbital fissure. In 
the middle, it is notched by the infraorbital groove. 

4 Medial border presents anteriorly the lacrimal notch 
which is converted into nasolacrimal canal by the 
descending process of lacrimal bone. Behind the 
notch, the border articulates from before backwards 
with the lacrimal, labyrinth of ethmoid, and the orbital 
process of palatine bone (Fig. 1.29). 

5 The surface presents inf raorbital groove leading 
forw ards to infraorbital canal which opens on the 
anterior surface as infraorbital foramen . The groove, 
canal and foramen transmit the infraorbitnl nerve and 

Sphenoethmoidal recess-------.. 

Sphenoidal air sinus---~ 

Opening of maxillary air sinus --------i 
in middle meatus 

Perpendicular plate of palatine bone ______ .,,. 

vessels. Near the midpoint, the canal gives off laterally 
a branch, the canalis sinuous, for the passage of 
anterior superior alveolar nerve and vessels. 

6 Inferior oblique muscle of eyeball arises from a 
depression jus t late ral to lacrimal notch at the 
anteromedial angle of the surface. 

Medial or Nasal Surface 
1 Medial surface forms a part of the lateral wall of 

nose. 
2 Posterosuperiorly, it displays a large irregular opening 

of the maxillary sinus, the maxillan; hiatus (Fig. 1.30). 
3 Above the hiatus, there are parts of air sinuses which 

are completed by the ethmoid and lacrimal bones. 
4 Below the hiatus, the smooth concave surface forms 

a part of inferior meat us of nose. 

Superior nasal 
concha 

Middle concha 

Ethmoid bulla 

~,11a-- -l---- Descending part of lacrimal 
bone 

I ;:_~ ..-,,::.--~ +---- Uncinate process 

Palatomaxillary suture--------.- ~ ---
Inferior nasal concha 
Inferior meatus 

Fig. 1.29: Medial aspect of intact maxilla 
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~--- Ethmoldal crest 

Nasolacrimal groove - --- ---------. 

Fig. 1.30: Medial aspect of disarticulated left maxilla 

5 Behind the hia tus, the surface articulates w ith 
perpendicular pla te of pala tine bone, enclosing the 
greater palatine canal which runs downwards and 
forwards, an d transmits greater palatine vessels and 
the anterior, middle and posterior palat ine nerves 
(Fig. 1.12). 

6 ln front of the hiatus, there is nnsolacrimal groove, 
which is converted into the nasolacrimal canal by 
articulation with the descending process oflacrimal bone 
and the lacrimal process of inferior nasnl concha. The 
canal tran smits nasolacrimal duct to the inferior 111eat11s 
of nose. 

7 More anteriorly, an oblique ridge forms the conchal 
crest for articula tion with the inferior nasal concha. 

8 Above the conchal crest, the sh allow depression 
forms a part of the atrium of middle mentus of nose 
(see Fig. 15.8). 

FOUR PROCESSES OF MAXILLA 

Zygomatic Process 
The zygomatic process is a pyramidal la teral projection 
on which the anterior, posterior, and superior smfaces 
o f maxil la con ve rge. In fro n t and b eh in d, it is 
continuous w ith the corresp onding surfaces of the 
body, but superiorly it is rough for articula tion with 
the zygomatic bone. 

Frontal Process 
1 The frontal process projects upwards and backwards 

to articulate above with the nasal margin of frontal 
bone, in fron t with nasal bone, and behind with 
lacrimal bone. 

2 Lateral surface is divided by a ver tical ridge, the 
allterior lacrimal crest, into a smooth anterior par t and 
a grooved posterio r part. 

The lacrimal crest gives attachment to lacrimal fascia 
and the medial palpeliral ligament, and is continuous 
below with the infraorbital margin. 
The anterior smooth area gives origin to the orbital 
part of orbicularis oculi and levator lnbii -;11perioris alnt>q11e 
nasi. The p osterior grooved area forms the anterior 
half of the floor of lacrimal groove (Fig. 1.45). 

3 Medial surface fo rms a par t of the la teral wail of nose. 
The surface presents following features: 
a. Uppermost a rea is rough for articulation w ith 

ethrnoid to close the anterior ethmoidal sinuses. 
b. Ethmoidal crest is a horizontal ridge about the 

middle of the process. Posterior part of the crest 
articulates with middle nasal concha, and the ante-
rior part lies beneath the agger nasi (see Fig. 15.8). 

c. The area below the ethmoidal crest is hollowed 
out to form the atrium of the middle meatus. 

d. Below the a triu m is the conchal crest w h ich 
ar ticulates with inferior nasal concha. 

e. Below the conchal crest, there lies the inferior 
meatus of the nose with nasolacrimal g roove 
ending just behind the crest (see Fig. 15.8). 

Alveolar Process 
1 The alveolar process forms half of the alveolar arch, 

and bears sockets for the roots of upper teeth. In 
adults, there are eight sockets: canine socket is deepest; 
molar sockets are w idest a nd d ivided into three m inor 
sockets by septa; the incisor and second premolar sockets 
are single; and the f irst premolar socket is sometimes 
divided into two. 

2 B11cci11ntor arises from the posterior part of its outer 
surface up to the first molar tooth (Fig. 1.28). 

3 A rough ridge, the mnxillary torus, is sometimes p re-
sen t on the inner surface opposite the molar sockets. 
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Palatine Process 
1 Palatine process is a thick horizontal plate projecting 

medially from the lowest part of the nasal surface. It 
forms a large part of the roof of mouth and the floor 
of nasal cavity (Fig. 1.30). 

2 Inferior surface is concave, and the two palatine 
processes form anterior three-fourths of the bony 
palate. It presents numerous vascular foramina and 
pits for palatine glands. 
Posterolaterally, it is marked by two anteroposterior 
grooves for the greater palatine vessels and anterior 
palatine nerves. 

3 Superior surface is concave from side to side, and 
forms greater part of the floor of nasal cavity. 

4 Medial border is thicker in front than behind. It is 
raised superiorly into the nasal crest. 
Groove between the nasal crests of two maxillae 
receives lower border of vomer; anterior part of the 
ridge is high and is known as incisor crest which 
terminates anteriorly into the anterior nasal spine. 
Incisive canal traverses near the anterior part of the 
medial border. 

5 Posterior border articulates with horizontal plate of 
palatine bone. 

6 l.J1teral border is continuous with the alveolar process. 

ARTICULATIONS OF MAXILLA 
1 Superiorly, it articulates with three bones- the nasal, 

frontal and lacrimal. 
2 Medially, it articulates with five bones-the ethrnoid, 

inferior nasal concha, vomer, palatine and opposite 
maxilla. 

3 Laterally, it articulates with one bone-the zygomatic. 

OSSIFICATION 

Maxilla ossifies in membrane from three centres, one 
for the maxilla proper, and two for os incisivum or 
premaxilla. The centre for maxilla proper appears 
above the canine fossa during sixth week of 
intrauterine life. 

Of the two premaxillary centres, the main centre 
appears above the incisive fossa during seventh week 
of intrauterine life. The second centre (paraseptal or 
prevomerine) appears at the ventral margin of nasal 
septum during tenth week and soon fuses with the 
palatal process of maxilla. Though premaxma begins 
to fuse with alveolar process almost immediately 
after the ossification begins, the ev idence of 
premaxilla as a separate bone may persist until the 
middle decades. 

AGE CHANGES 
1 At birth: 

• 

a. The transverse and anteroposterior diameters are 
each more than the vertical diameter. 

b. Frontal process is well marked. 
c. Body consists of a little more than the alveolar 

process, the tooth sockets reaching to the floor of 
orbit. 

d. Maxillary sinus is a mere furrow on the lateral wall 
of the nose. 

2 In the adult: Vertical diameter is greatest due to 
development of the alveolar process and increase in 
the size of the sinus. 

3 In the old: The bone reverts to infantile condition. Its 
height is reduced as a result of absorption of the 
alveolar process. 

PARIETAL BONE 

Two parietal bones form a large part of the roof and 
sides of vault of skull. Each bone is roughly quadrilateral 
in shape with its convexity directed outwards (Fig. 1.31). 

SIDE DETERMINATION 
Outer surface is convex and smooth, inner surface is 
concave and depicts vascular markings. 

Anteroinferior angle is pointed and shows a groove 
for anterior division of middle meningeal artery. 

FEATURES 
Parietal bone has two surfaces, four borders, and four 
angles. 

Surfaces 
1 Outer convex 
2 Inner concave surface (Fig. 1.32) 

Superior ----, 
temporal line 

Frontal ---+-
angle 

Anterior ---1 
border 

Sphenoidal -.:.._.., 
angle 

r---- Inferior 
temporal line 

Parietal 
foramen 
Occipital 
angle 

Posterior border 

Temporalis 

Mastoid angle 

Fig. 1.31 : Outer surface of left parietal bone 
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Fig. 1.32: Inner surface of left parietal bone 

Borders 
1 Superior or sagittal 
2 Inferior or squamosal 
3 Anterior or frontal 
4 Posterior or occipital 

Four Angles 
1 Anterosuperior or frontal 
2 Anteroinferior or sphenoidal 
3 Posterosuperior or occipital 
4 Posteroinferior or mastoid 
At each of the 4 angles are 4 fontanelles. These are: 
1 One an terior fontanelle, closes at 18 months. 
2 One posterior fontanelles, closes at 3 months 
3 Two anterolateral or sphenoidal fontanelles, close at 

3 months. 
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4 Two posterolateral or mastoid fontanelles, close at 
about 12 months of life. 
Details can be studied from norma verticalis and 

norma lateralis and inner aspect of skull cap. 

OCCIPITAL BONE 

Single occipital bone occupies posterior and inferior 
parts of the skull (Fig. 1.33). 

ANATOMICAL POSITION 
It is concave forwards and encloses the largest foram en 
of skull, foramen magnum, through which cranial 
cavity communicates with the vertebral canal. 

On each side of foramen magnum is the occipital 
condyle which articulates with atlas vertebra. 

FEATURES 
Occipital bone is divided into three parts: 
1 Squamous part-above, below and behind foramen 

magnum. 
2 Basilar part- lies in front of foramen magnum. 
3 Condylar or lateral part-on each side of foramen 

magnum. 

Squamous Part 
Comprises two surfaces, three angles and four borders. 

Surfaces 
External convex surface and internal concave surface. 

Superior angle 

Internal occipital crest 

Right transverse sinus 

-Z-- --- Mastoid border 

,:.;,,,,,i=I---- -- Sigmoid sinus 

Anterior border of basiocciput 
Fig. 1.33: Inner surface of occipital bone 
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Angles 
One superior angle and two lateral angles. 

Borders 
Two lambdoid borders in upper part and two mastoid 
borders in lower part. 

Basilar Part 
The basilar part of occipital bone is called as basiocciput. 
It articulates with basisphenoid to form the base of 
skull. It is quadrilateral in shape and comprises two 
surfaces and four borders. 

Surfaces are superior and inferior. 
Borders are anterior, posterior and lateral borders 

on each s ide. 

Condylar Part 
It comprises: 
• Superior surface 
• Inferior surface w hich shows occipital condyles and 

hypoglossal canal. 
The details can be read from descriptions of norma 

occipital is and posterior cranial fossa . 

FRONTAL BONE 

Frontal bone forms the forehead, most of the roof of 
orbit, most of the floor of anterior cranial fossa. Its parts 
are squamous, orbital and nasal (Fig. 1.34). 

ANATOMICAL POSITION 
Squamous part of vertical and is convex forwards. 

Two orbital pla tes are horizon tal thin plates 
projecting backwards. 

asal part is directed forwards and downwards. 

SQUAMOUS PART 
The squamous part presents two surfaces, two borders 
and encloses a pair of frontal air sinuses. 

Outer Surface 
It is smooth and shows: 

1 Frontal tuberosity 
2 Superciliary arches 
3 Glabella 
4 Frontal air sinus 
5 Metopic suture 
6 Upper or parietal border 
7 Lower or orbital border 
8 Zygomatic process 
9 Temporal line and temporal surfaces 

Inner Surface 
It is concave and presents following features: 
1 Sagittal sulcus 
2 Frontal crest 

ORBITAL PARTS (PLATES) 
Orbital plates are separated from each other by a wide 
gap, the ethrnoidal notch. 

Orbital or inferior surface of the plate is smooth and 
presen ts lacrimal fossa anterolaterally and trochlear 
spine anteromedially. 

Ethmoidal notch is occupied by cribriform plate of 
ethmoid bone. On each side of notch are small air spaces 
w hich articulates with the labyrinth of ethmoid to 
complete ethmoidal air sinuses. At the margins are 
anterior and posterior ethmoidal canals. 

NASAL PART 
Lies between two supraorbital margins. 

Groove for superior sagittal sinus ---------

Part of greater wing of ----
sphenoid 

Groove for posterior - -----'1-li"'----..\-.."V 
ethmoidal canal 

Fig. 1.34: Frontal bone from below 

,-----+--For lesser wing 
of sphenoid 

__,,.._ __ Fossa for lacrimal 
gland 

Zygomatic process 

--------Trochlear spine 



The margins of the nasal notch on each side articulate 
with nasal, frontal process of maxilla and lacrirnal bones. 

Details can be seen from d escriptions of norma 
frontalis, norma lateralis, inner aspect of skull cap and 
anterior cranial fossa. 

TEMPORAL BONE 

Temporal bones are situated at the sides and base of 
skull. It comprises following parts: 
a. Squamous part (Fig. 1.35) 
b. Petromastoid part 
c. Tympanic part 
d. Styloid process 

SIDE DETERMINATION 
• Plate-like squamous part is directed upwards and 

laterally. 
• Strong zygomatic process is d irected fmwards. 
• Petrous part, triangular in shape, is directed medially. 
• External acoustic meatus, enclosed between squa-

mous and tympanic parts, is directed laterally. 

SQUAMOUS PART 
Two surfaces: Outer and inner 
Two borders: Superior and anteroinferior 

Outer or Temporal Surface 
It is smooth and forms a part of temporal fossa. 

Above external acoustic meatus, there is a groove 
for middle temporal artery. 

Its posterior part presents supramastoid crest. 
Below the anterior end of supramastoid crest and 

posterosuperior to external acoustic mea tus, there is 
suprameatal triangle. 

Zygomatic process springs forwards from the outer 
surface of squamous part. Its posterior part comprises 

Squamous part-----..,. 

Vertical tangent 
to posterior border 

of external 
acoustic meatus 

=::::::;=~--'---L.. Suprameatal~r--- - ~,,-., -
triangle 

Mastoid process ----"r\-

External acoustic 
meatus and tympanic plate 

Styloid process 

Posterior root 
Mandibular fossa 

Squamotympanic fissure 

Fig. 1.35: Outer aspect of left temporal bone 
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superior and inferior surfaces. The inferior surface is 
bounded by two roots which converge at the tubercle 
of root of the zygoma. Anterior root projects as the 
articular tubercle in front of mandibular fossa. 

Posterior root begins above the external acoustic 
meatus. 

Mandibular fossa lies behind ar ticular tubercle and 
consists of anterior articular part formed by squamous 
part of temporal bone and a posterior nonarticular 
portion formed by tympanic plate. 

Inner or Cerebral Surface 
It is concave and shows grooves for the mid d le 
meningeal vessels. Its superior border articulates with 
the lower border of parietal bone. Its anteroinferior 
border articulates with the greater wing of sphenoid. 

PETROMASTOID PART 

Mastoid Part 
Mastoid part (Greek breast) forms posterior part of 
temporal bone. It has: 

Two surfaces-outer and inner 
Two borders-superior and posterior, and enclose the 

mastoid air cells. [The outer surface forms a downwards 
projecting conical process, the mastoid process.] 

Two Surfaces 
Outer Surface 
The outer surface gives attachment to occipitalis muscle. 
Mastoid fora men opens near its posterior border and 
transmitsan emissaryveinandabranchofoccipitalartery. 

Mastoid process appears at the end of 2nd year. 
Lateral surface gives attachment to sternocleidomastoid, 
splenius capitis, and longissimus capitis (Fig. 1.14). 

Medial surface of the process shows a deep mastoid 
notch fo r the origin of posterior belly of digastric. 
Medial to this notch is a groove for the occipital artery. 

Inner Surface 
The inner surface is marked by a deep sigmoid su lcus 
(Fig. 1.36). 

Petrous Part 
Petrous part (La tin rock) triangular in shape. It has a base, 
an apex, three surfaces-anterior, posterior and inferior; 
and three borders-superior, anterior and posterior. 

Base is fused with squamous and mastoid parts. 
Apex is irregular and forms posterolateral boundary 

of foramen lacerum. 

Anterior Surface 
Trigeminal impression 

Part fanning roof of anterior pa rt of carotid canal. 
Arcuate eminence 
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Fissure and groove for -----++-- -~ 
lesser petrosal nerve 

Arcuate eminence ---""7'"~ ---. 

'1----Articulates with greater wing 
of sphenoid 

...,____,~---Groove for middle meningeal 
vessels 

Zygomatic process 

·'----ae,.,,-,..---Fissure and groove for 
greater petrosal nerve 

'------Superior petrosal sinus 
------Internal acoustic meatus 

'--------Subarcuate Iossa 
.... ~------Styloid process 

Fig. 1.36: Inner aspect of the left temporal bone 

Tegmen tympani lying most laterally. In the anterior 
part of tegmen tympani are hiatus and groove for 
greater petrosal nerve and a smaller hiatus and groove 
for the lesser petrosal nerve. 

Posterior Surface 
Internal acoustic meatus is present here. 

Aqueduct of vestibule lies behind internal acoustic 
meatus. 

Inferior Surface 
Forms part of norma basalis. It shows lower opening 
of carotid canal (refer to norma basalis for details) 
Jugular fossa lies behind carotid canal (Fig. 1.37). 

TYMPANIC PART 
It is a curved plate of bone below squamous part and 
in front of mastoid process. It comprises: 

Upper end of carotid canal 

Two Surfaces 
Anterior and posterior concave part forming anterior 
wall, floor and lower part of the pos terior wall of 
externa l acoustic meatus. 

Three Borders 
lateral which forms the margin of external acoustic meatus. 

Upper border and lower border which in its lateral 
part split to enclose the root of styloid process. 

External Acoustic Meatus 
Bony part of meatus is about 16 mm long. 

Its anterior wall, floor and lower part of posterior 
wall are formed by tympanic part. Its roof and upper 
half of the posterior wall are formed by the squamous 
part (Fig. 1.35). 

Its inner end is closed by tympanic membrane. 

Zygomatic process 

Articular tubercle 

Mandibular fossa 

Mastoid notch 

Occipital groove 
.____ Mastoid foramen 

Fig. 1.37: Inferior view of the temporal bone 



STYLOID PROCESS 
Styloid (Greek pillar form) process is long pointed 
process directed downwards, forwards and medially 
between paro tid gland and internal jugular vein 
(Fig. 1.36). 
• Its base is related to facia l nerve 
• Its apex is crossed by external carotid artery. 
• It gives a ttachment to three muscles and 2 ligaments 

(see Chapter 8) (refer to norma lateralis for details). 

SPHENOID BONE 

Sphenoid (Greek wedge) bone resembles a bat with out-
stretched wings. It comprises: 
• A body in the centre (Fig. 1.38). 
• Two lesser wings from the anterior part of body. 
• Two greater wings from the lateral part of body. 
• Two pterygoid (wing-like) processes, directed down-

wards from the junction of body and greater wings. 

BODY OF SPHENOID 
It com prises six surfaces and enclose a pai r of 
sphenoidal air sinuses. 

Superior or Cerebral Surface 
It articuJates with ethmoid bone anteriorly and basilar 
par t of occipital bone posteriorly. It shows: 
1 Jugum sphenoidale 
2 Sulcus chiasmaticus 
3 Tuberculum sellae 
4 Sella turcica 
5 Dorsum sellae 
6 Cliv us 
Refer to middle cranial fossa for details. 

Superior -----~-------t~ 
orbital 
fissure 
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Inferior Surface 
1 Rostrum of sphenoid (Fig. 1.39a) 
2 Sphenoid conchae (Fig. 1.39b) 
3 Vaginal processes of medial pterygoid plate 
Refer to norma basalis for details. 

Anterior Surface 
Sphenoidal crest articulates with p erpendicula r pla te 
of ethmoid to form a small part of septum of nose. 

Opening of sphenoidal air sinus is seen (Fig. 1.39b). 
Sphenoidal conchae close the sphenoid air sinuses 

leaving the openings. Each half of anterior surface has 
two parts: superolateral and inferomedial. 

The superolateral d epression articulates w ith 
labyrinth of e thmoid to comple te the pos terior 
ethmoidal air sinuses. The inferomedial smooth tri-
angu lar area forms the posterior part of the root of the 
nose. 

Posterior Surface 
It articulates with basilar part of occipital bone. 

Lateral Surfaces 
Carotid sulcus, a broad groove curved like le tter ' f' for 
lodging cavernous sinus and internal carotid artery. 
Below the sulcus it articu lates with greater wing of 
sphenoid laterally and with pterygoid process which 
is d irected downwards. 

Sphenoidal Air Sinuses 
These are asy mmetrical air sinuses in the body of 
sphenoid, and are closed by sphenoidal conchae. The 
sinus opens into the lateral wall of nose in the spheno-
ethmoidal recess above the superior concha. 

~ ----- - ,:;;;;::..-=~.---:>-- Anterior clinoid 
process 

1'-----\-,"Y'--------Tuberculum sellae 

Foramen------~ 
~ rl-\c--+-''r---\t-------- Posterior clinoid '1"'"".__,..,.__'lC process 

rotundum 
Foramen ----___/ 

Spinosum Foramen 
ovale 

Dorsum 
sellae 

»---------Spine 

'-------------- - Sella turcica 

Fig. 1.38: Superior view of the sphenoid bone 
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GREATER WINGS 
These are two strong processes which curve laterally 
and upwards from the sides of the body. It has three 
surfaces. 

Superior or Cerebral Surface 
It forms the floor of middle cranial fossa and presents 
from before backwards: 
1 Foramen rotundum (Fig. 1.39a) 
2 Foramen ovale 
3 Emissary sphenoidale foramen 
4 Foramen spinosum 

Lateral Surface 
A horizontal ridge, the infratemporal crest divides 
this surface into upper or temporal sur face and a 
lower or infratemporal surface. It is pierced by 
foramen ovale and foramen spinosum. Its posterior 
part presents spine of sphenoid. 

Refer to norma basalis for details. 

Lesser wing - --~ 

Lingula 

Rostrum 
(a) 

Opening of sphenoidal sinus 

Superior orbital fissure - ----\--+-- - - ---1-

Foramen rotundum --;-...,_----,7"---, 

Lateral pterygoid lamina _____ _,_ 

Rostrum-----------' 
(b) 

• 

Orbital Surface 
Forms the posterior wall of the lateral wall of orbit. 

Its medial border bears a small tubercle for 
attachment of a common tendinous ring fo r the origin 
of recti muscles of the eyeball. Below the medial end of 
superior orbital fissure, the grooved area forms the 
posterior wall of the pterygopalatine fossa and is 
pierced by foramen rotund um (Fig. 1.39b ). 

Borders are surrounding the grea ter wing of 
sphenoid. 

LESSER WINGS 
Lesser wings are two triangular plates projecting 
laterally from the anterosuperior part of the body. It 
comprises: 
• A base forming medial end of the wing. It is connected 

to the body by two roots which enclose the optic canal. 
• Tip forms the lateral end of the w ing. 
• Superior surface forming floor of anterior cranial 

fossa. 

Posterioj 
Anterior 

Clinoid process 

Greater wing 

- ~ ----- Lateral pterygoid plate 

, -H..-- -----Medial pterygoid plate 

Vaginal process 

Sphenoidal crest 

Temporal surface J of 
- ~ --Orbital surface g~eater 

wing 
---~..;_ __ lnfratemporal surface 

"-"-- -1---- Sphenoidal concha 

+----Spine 

~.::::!!!=~ ----Pterygo1d hamulus 

Vaginal process 

Figs 1.39a and b: (a) Posterior view of sphenoid, and (b) greater and lesser wings of sphenoid 



• Inferior surface forming upper boundary of superior 
orbital fissure. 

• Anterior border articulates with the posterior border 
of orbital p late of frontal bone. 

• Posterior border is free and projects into the stem of 
lateral sulcus of brain. Medially, it terminates into 
the anterior clinoid process. 

Superior Orbital Fissure 
It is a triangular gap through which middle cranial fossa 
communicates with the orbit. The structures passing 
through it are put in list of foramina and structures 
passing through them (see Fig. 13.4). 

PTERYGOID PROCESSES 
One pterygoid (Greek wing) process on each s ide 
projects downwards from the junction of the body with 
the greater wing of sphenoid (Fig. 1.38). 

Each pterygoid process divides inferiorly into the 
medial and lateral pterygoid plates. The plates are fused 
together in their upper parts, but are separated in their 
lower parts by the pterygoid fissure. Posteriorly the 
pterygoid plates enclose a "V-shaped interval", the 
pterygoid fossa. The medial pterygoid plate in its upper 
part presents a scaphoid fossa . 

-+--r--- For frontal 
bone 

For_/; 
sphenoid ii ~For nasal 

\\bone 

INTRODUCTION AND OSTEOLOGY 

Refer to norma basalis for medial and lateral pterygoid 
plates. 

ETHMOID BONE 

Ethmoid (Greek sieve) is a very light cuboidal bone 
situated in the anterior of base of cranial cavity between 
the two orbits. It forms: 
1 Part of medial orbital walls 
2 Part of nasal septum (Fig. 1.40a) 
3 Part of roof of orbit 
4 Lateral walls of the nasal cavity 

Et/11110id bone comprises: 
1 Cribri form plate (Fig. 1.40b) 
2 Perpendicular plate 
3 A pair of labyrinth 

CRIBRIFORM PLATE 
It is a horizontal perforated bony lamina, occupying 
ethmoidal notch of frontal bone. Tt contains foramina 
for olfactory nerve rootlets. 

Cribrirorm ---;=:~~-~ 
(horizontal) 

plate 

Eth mold sinus ---tt--r-11:"""111.. 

Orbital (lateral) 
plate 

-+--+-----Crista 
galli 

For~ /? For septal 
vomer cartilage 

Middle nasal concha- --,._. 

(a) 

Uncinate process --+-+-- - ___::_.,,. 

Inferior concha --'H-- - 1-..,c::,..,., 

Superior nasal--~~-+-
concha 

- --- Orbital plate of ethmoidal labyrinth 

1+---+--=- -==--- Perpendicular plate 

"7""1=--H- Middle ethmoidal sinus and bulia ethmoidalis 

Upper tooth 

Figs 1.40a to c: (a) Articulations of perpendicular plate, (b) posterior view of the ethmoid bone, and (c) ethmoid bone articulating 
with neighbouring bones 
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Crista Galli 
Crista galli is a median, tooth-like upward projection 
in the floor of anterior cranial fossa. Foramen 
transmitting anterior ethmoidal nerve to nasal cavity 
is situated by the side of crista galli. 

PERPENDICULAR PLATE 
It is a thin lamina projecting downwards from the under-
surface of the cribriform plate, forming upper part of 
nasal septum. 

LABYRINTHS 
These are two light cubical masses situated on each side 
of the perpendicular plate, suspended from the 
undersurface of the cribriform plate (Fig. 1.40c). 

Each labyrinth also encloses large number of "air 
cells" arranged in three groups; the anterior, middle 
and posterior ethmoidal air sinuses. Its surfaces are: 
• Anterior surface articulates with frontal process of 

maxilla to complete anterior ethmoidal air cells. 
• Posterior surface articulates with sphenoidal concha 

to complete posterior ethrnoidal air cells. 
• Superior surface articulates with orbital plate of 

frontal bone. 
• Inferior surface articulates with nasal surface of 

maxilla. 
• Lateral surface forms medial wall of orbit. 
• Medial surface presents small superior nasal concha, 

middle nasal concha, superior meatus below 
superior concha, and middle meatus below middle 
concha. 

VOMER 
Varner (Latin plough share) is a single thin, flat bone 
forming posteroinferior part of the nasal septum. It 
comprises: 

• Right and left surfaces marked by nasopalatine 
nerves which course downwards and forwards. 

• Superior border splits into two alae with a groove is 
occupied by rostrum of sphenoid (Fig. 1.41). 

• Inferior border articulates with nasal crests of 
maxillae and palatine bones. 

• Anterior, longest border articulates with per-
pendicular plate of ethrnoid above and with septal 
cartilage below. 

• Posterior border is free and separates the two 
posterior nasal openings. 

INFERIOR NASAL CONCHAE 

The inferior nasal conchae are two curved bony 
laminae, these are horizontally placed in the lower part 
of lateral walls of the nose. Between this concha and 
floor of the nose lies the inferior meatus of the nose. It 
comprises 2 surfaces, 2 borders and 2 ends. 
• Medial convex surface is marked b y vascular 

grooves. 
• Lateral concave surface forms the medial wall of 

inferior meatus of the nerve. 
• Superior border is irregular and articulates with 

maxilla, lacrimal, ethrnoid and palatine bones (Fig.1.42). 
• Inferior border is free, thick and spongy. 
• Posterior end is more pointed than the anterior end. 

ZYGOMATIC BONES 
These are two small quadrilateral bones present in the 
upper and lateral pa rt of face. The bone forms 
prominence of the cheeks. Each bone takes part in the 
formation of: 
• Floor and lateral wall of the orbit 
• Walls of temporal and infraorbital fossae 

Alae 

Ethmoid 

Septa! ca:~;:/ ;>;: // . · 1/ Free border 

Septa! cartilage 

Palatine process-----' 
of maxilla 

Horizontal plate 
of palatine bone 

Z Palatine 
Maxilla bone 

Fig. 1.41 : Vomer forming posteroinferior part of the nasal septum and its various borders. Left lateral view of the vomer 
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Maxillary process 

Posterior end Anterior end 

Fig. 1.42: Lateral view of the left inferior nasal concha 

Zygomatic bone comprises 3 surfaces, 5 borders and 
2 processes. 

Surfaces 
1 Lateral surface presenting zygomaticofacial foramen 

(Fig. 1.43a). 
2 Temporal surface is smooth and concave and 

presents zygomaticotemporal foramen (Fig.l.43b). 
3 Orbital surface is also smooth and concave one or 

two zygomaticoorbital foramen on this surface and 
this bads to zygomaticofacia l and zygomatico-
temporal foramina (Fig. 1.20). 

Borders 
1 Anterosuperior or orbital 
2 Anteroinferior or maxillary 
3 Posteroinferior or temporal border 
4 Posteroinferior border 
5 Posteromedial border. 

Zygomaticus __ _, 

--"\..----- Frontal process 

t----- Marginal tubercle 

~-- Lateral surface 

---Zygomaticus major 

Temporal process 

minor (a) 

With greater wing 

" - ~ ---Zygomatico-orbital 
foramina 

For maxilla 
Orbital surface 

(b) 

Figs 1.43a and b: Features of the left zygomatic bone: (a) Outer 
view, and (b) inner view 
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Processes 
1 Frontal process, which is directed upwards. 
2 Temporal process, which is directed backwards. 

NASAL BONES 

Nasal bones are two small oblong bones, which form 
the bridge of the nerve. 

Each nasal bone has two surfaces and four borders 
(Fig. 1.44). 

Surfaces 
1 The outer surface is convex from side to side. 
2 The inner surface is concave from side to side and is 

traversed by a vertical groove for anterior ethmoidal 
nerve. 

Borders 
1 Superior border is thick and serrated and articulates 

with nasal part of frontal bone. 
2 Inferior border is thin and notched and articulates 

with lateral nasal cartilage. 
3 Medial border articulates with opposite nasal bone. 
4 Lateral border articulates with frontal process of 

maxilla. 

LACRIMAL BONES 

Lacrimal bones are extremely delicate and smallest of 
the skull bones. These form the anterior part of the 
media l part of the orbit. Each lacrimal bone comprises 
2 surfaces and 4 borders. 

Surfaces 
1 Lateral or orbital s urface is divided by posterior 

lacrimal crest into anterior and posterior parts. The 
anterior grooved part forms posterior half of the floor 

Superior border 

.,._ ___ Medial border 
Groove for anterior ------,1--- and nasal crest 

ethmoidal nerve 

1.:t-'\-+---- Vascular 
foramen 

-----Notched 
inferior border 

Fig. 1.44: Inner view of the left nasal bone 
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Posterior border 
--+--- Groove for lacrimal 

sac 

!?-----Descending process 
for inferior nasal concha 

Fig. 1.45: Lateral surface of the left lacrimal bone 

of lacrimal groove for lacrimal sac. The posterior 
smooth part forms part of medial wall of orbit. 

2 Medial or nasal surface forms a part of middle 
meatus of the nose (Fig. 1.45). 

Borders 
1 Anterior border articulates with frontal process of 

maxilla. 
2 Posterior border with orbital plate of ethmoid. 
3 Superior border with frontal bone. 
4 Inferior border with orbital surface of maxilla. 

PALATINE BONES 

Palatine bones are two L-shaped bones present in the 
posterior part of nasal cavity. Each bone forms: 
• Lateral wall and floor of nasal cavity (Fig. 1.46a). 
• Roof of mouth cavity 
• Floor of the orbit 
• Parts of pterygopalatine fossa 
Each palatine bone has 2 plates and 3 processes. 

Middle meatus 

Horizontal part 

Two Plates 
1 Horizontal plate forms posterior one-fourth part of 

bony palate. It has 2 surface and 4 borders (Fig. 
1.466). 

2 Perpendicular plate of palatine bone is oblong in 
shape and comprises 2 surfaces and 4 borders (refer 
to norma basalis). 

Three Processes 
Pyramidal Process 
Pyramidal process projects downwards from the 
junction of two plates. Its inferior surface is pierced by 
lesser palatine foram.ina. 

Orbital Process 
Orbital process projects upwards and laterally from 
the perpendicular plate. Its orbital surface is triangular 
and forms the posterior part of the floor of the orbit 
(Fig. 1.46b ). 

Sphenoidal Process 
Sphenoidal process projects upwards and medially 
from the perpendicular plate. Its lateral surface 
articulates with medial pterygoid plate. 

HYOID BONE 

The hyoid (Greek U'shaped) bone is U-shaped. 
It develops from second and third branchial arches. 
It is situated in the anterior midline of the neck between 

the chin and the thyroid cartilage (refer to BOC App). 
At rest, it lies at the level of the third cervical vertebra 

behind and the base of the mandible in front. 

Orbital process----._ 
-+-- --Sphenoidal process 

Sphenopalatine -----=~-J 
notch +--------Superior meatus 

For medial--~ 
pterygoid plate 

For lateral---+ 
pterygoid plate 

Pterygoid Iossa - -~ 

----Ethmoidal crest 
,,.._ ____ Middle meatus 

Horizontal plate 
(b) 

Nasal 
crest 

Posterior 
nasal spine 

Figs 1.46a and b: (a) Medial view of the left palatine bone, and (b) various processes of palatine bone 
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It is kept suspended in position by muscles and 
ligaments (Fig. 1.47). 

The hyoid bone provides a ttachment to the muscles 
of the floor of the mouth and to the tongue above, to 
the larynx below, and to the epiglo ttis and pharynx 
behind (Fig. 1.47). 

The bone consists of the central part, called the 
body, and of two pa irs of cornua-greater and lesser. 

Body 
It has two surfaces- anterior and posterior, and two 
borders-upper and lower. 

The anterior surface is convex and is directed forwa rds 
and upwa rds. It is often divided by a median ridge into 
two lateral halves. 

The posterior surface is concave a nd is d irected 
backwards and downwards. 

Each lateral end of the body is continuous posteriorly 
with the greater horn or comua. However, till middle 
life, the connection between the bod y and grea ter 
comua is fibrous. 

Greater Cornua 
These are fla ttened from above d own wards. Each 
cornua tapers posteriorly, but ends in a tubercle. It has 
two surfaces-upper and lower, two borders-medial 
and lateral ru1d a tubercle. 

Lesser Cornua 
These are small conical pieces of bone which project 
upwards from the junction of the body ru1d greater 
cornua. The lesser cornua are connected to the body 
by fibrous tissue. Occasionally, they are connected to 

Genioglossus (XII) 

Geniohyoid (C1 )~ 

Mylohyoid (V3) 

Sternohyoid (ansa cervicalis) 
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the greater cornua by synovial joints which usually 
persist through out life, but may get ankylosed. 

ATTACHMENTS ON THE HYOID BONE 
1 The anterior surface of the body provides insertion 

to the geniohyoid and mylohyoid muscles and gives 
origin to a part of the hyoglossus which extends to 
the greater comua (Fig. 1.47). 

2 The upper border of the body provides insertion to 
the lower fibres of the genioglossi and attachment 
to the thyrohyoid membrane. 
The lower border of the body provides attachment to 

the pretrncltenl fascia . In front of the fascia, the sternohyoid 
is inserted medially and the superior belly of omohyoid 
laterally. 

Below the omohyoid, there is the linear attachment 
of the thyrohyoid, extending back to the lower border of 
the greater cornua. 

The medial border of the greater cornua provides 
attachment to the thyrol1yoid membrane, styloh1;oid muscle 
and digastric pulley. 

The lateral border of the greater cornua provides 
insertion to the thyrohyoid muscle anteriorly. The 
investing fascia is attached throughout its length. 

The lesser cornua prov ides attachme nt to the 
stylohyoid ligament at its tip. The middle constrictor muscle 
arises from its posterolateral aspect extending on to the 
greater comua (see Fig. 14.21). 

DEVELOPMENT 
Upper part of body and lesser cornua develop from 
second branchial arch, while lower part of body and 
greater cornua develop from the third arch . 

,....-4'- Middle constrictor 
(cranial root of XI) 

~ --------Hyoglossus (XII) 

-------- - Thyrohyoid (C1 ) 

Fig. 1.47: Anterosuperior view of the left half of hyoid bone showing its attachments 
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CLINICAL ANATOMY 

ln a suspected case of murder, fracture of the hyoid 
bone s trongly indicates throttling or strangulation. 

CERVICAL VERTEBRAE 

IDENTIFICATION 
The cervical vertebrae are identified by the presence of 
foramina transversaria. 

There are seven cervical vertebrae, out of which the 
third to sixth are typical, while the first, second and 
seventh are atypical (Fig. 1.48) (refer to BOC App). 

TYPICAL CERVICAL VERTEBRAE 
Body 
1 The body is small and broader from side to side than 

from before backwards. 
2 Its superior surface is concave transversely w ith 

upward projecting lips on each side. The anterior 
border of this surface may be bevelled. 

3 The inferior surface is saddle-shaped, being convex 
from side to side and concave fro m before 
backwards. The lateral borders are bevelled and form 
synovial joints w ith the projecting lips of the next 
lower verte bra. The anterior borde r projects 
downwards and may hide the intervertebral disc. 

4 The anterior and posterior surfaces resemble those of 
o ther vertebrae (Fig. 1.49). 

Fig. 1.48: Cervical vertebrae-anterior view 

Posterior 
tubercle 

Posterior 
root 

Foramen 
transversarium 

Anterior tubercle 

Costotransverse 
bar 

Superior 
articular 
facet 

Fig. 1.49: Typical cervical vertebra seen from above 

Vertebral Foramen 
Vertebral fora men is larger than the body. It is 
triangular in shape because the pedicles are directed 
backwards and laterally. 

Vertebral Arch 
1 The pedicles are directed backwards and laterally. The 

superior and inferior vertebral notd1es are of equal size. 
2 The laminae are relatively long and narrow, being 

thinner above than below. 
3 The superior and inferior articular processes form 

articular pillars which project laterally at the junction 
of pedicle and the lamina. The superior articular 
facets are fla t. They are directed backwards and 
upwards. The inferior articular facets are also flat 
but are directed forwa rds and downwards. 

4 The transverse processes are pierced by fo ramina 
transversaria. Each process has anterior and posterior 
roots which end in tubercles joined by the costo-
transverse bar. The costal element is represented by the 
anterior root, anterior tubercle, the costotransverse bar 
and the posterior tubercle. The anterior tubercle of the 
sixth cervical vertebra is large and is called the carotid 
tubercle because the common carotid artery can be 
compressed against it. 

5 The ~pine is short and bifid . The notch is filled up by 
the ligamentum nuchae (Fig. 1.49). 

Attachments and Relations 
1 The anterior and posterior longit11dinnl ligaments are 

attached to the upper and lower borders of the body 
in front and behind, respectively. On each side of 
the anterior longitudinal ligam ent, the vertical part 
of the longus cofli is a ttached to the anterior surface. 
The posterior surface has two or more foramina for 
passage of basivertebral veins. 

2 The upper borders and lower parts of the anterior 
surfaces of the laminae provide attachment to the 
lignmenta Jlava . 



3 The foramen transversarium transmits the vertebral 
arten;, the vertebral veins and a branch from the inferior 
cervical ganglion. The anterior tubercles give origin to 
the scnlen11s anterior, the longus capitis, and the oblique 
part of the lo11g11s colli. 

4 The costotrnnsverse bars are grooved by the anterior 
primary rami of the corresponding cervical nerves. 

5 The posterior tubercles give origin to the scnle1111s 
medius, scale1111s posterior, the levator scapulae, the 
splenius cervicis, the longissimus cervicis, and the 
iliocostalis cervicis (see Fig. 10.3). 

6 The spine gives origin to the deep muscles of the back 
of the neck i11terspi11ales, semispinalis thomcis and cervicis, 
spinalis cervicis, and 11111/tifidus (see Figs 10.2 and 10.4). 

OSSIFICATION 
A typical cervical vertebra ossifies from three 
primary and six secondary centres. There is one 
priman; centre for each half of the neural arch during 
9 to 10 weeks of foetal life and one for the centrum in 
3 to 4 months of foetal life. The two halves of the 
neural arch fuse posteriorly with each other during 
the firs t yea r. Synostosis at the neurocentral 
synchondrosis occurs during the third year. 

The secondary centres, two for the annular 
epiphyseal discs for the peripheral parts of the upper 
and lower surfaces of the body, two for the tips of 
the transverse processes, and two for the bifid spine 
appear during puberty, and fuse with the rest of the 
vertebra by 25 years. 

FIRST CERVICAL VERTEBRA 
It is called the atlas (Ti I tan, who supported the heaven). 
It can be identified by the followi ng features: 
1 It is ring-shaped. It has neither a body nor a spine 

(Fig. 1.50). 

Odontoid process -----, 

Reclus capitis lateralis --~ • 

Levator scapulae 

Supenor oblique 

INTRODUCTION AND OSTEOLOGY 

2 The atlas has a short anterior arch, a long posterior 
arch, right and left lateral masses, and transverse 
processes. 

3 The anterior arch is marked by a median anterior 
tubercle on its anterior aspect. Its posterior surface 
bears an oval facet which articulates with the dens 
(Fig. 1.50). 

4 The posterior arch forms about two-fifths of the ring 
and is much longer than the anterior arch. Its 
posterior surface is marked by a median posterior 
tubercle. The upper surface of the arch is marked 
behind the lateral mass by a groove. 
Each lateral mass shows the followi ng important 

fea tures: 
a. Its upper surface bears the superior articular facet. 

This facet is elongated (forwards and medially), 
concave, and is directed upwards and medially. 
It articulates with the corresponding condyle to 
form an atlanto-occipital joint. 

b. The lower surface is marked by the inferior articular 
facet. This facet is nearly circular, more or less flat, 
and is directed downwards, medially a nd 
backwards. It articulates with the corresponding 
facet on the axis vertebra to form an atlantoaxial 
joint. 

c. The medial surface of the lateral mass is marked 
by a small roughened tubercle. 

d. The transverse process projects laterally from the 
lateral mass. It is unusually long and can be felt 
on the surface of the neck between the an gle of 
mandible and the mastoid process. Its long length 
allows it to act as an effective lever for rotatory 
movements of the head. The transverse process is 
pierced by the foramen transversarium. 

~-- Anterior tubercle 

.----Transverse ligament 

__,.--- Superior articular facet 

Foramen transversarium 

Transverse process 

Fig. 1.50: Atlas vertebra seen from above 
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Attachments and Relations 
1 The anterior tubercle provides a ttachment (in the 

median plane) to the anterior longitudinal ligament, 
and provides insertion on each side to the upper 
oblique part of long1.1s colli. 

2 The uppe r border of the anterior arch gives 
attachment to the anterior atlanto-occipital membrane. 

3 The lower border of the anterior arch gives attachment 
to the lateral fibres of the anterior longit11dinal ligament. 

4 The posterior tubercle provides attachment to the 
ligament11111 nuchae in the m edian plane and gives 
origin to the rect11s rnpitis posterior minor on each side 
(Fig. 1.50). 

5 The groove on the upper surface of the posterior arch 
is occupied by the vertebral artery and by the first 
cervical nerve. Behind the groove, the upper border 
of the posterior arch gives attachment to the posterior 
atlanto-occipital membrane (see Figs 10.5 and 10.6). 

6 The lower border of the pos terior arch gives 
a ttachment to the highest pair of ligamenta flava . 

7 The tubercle on the medial side of the lateral mass 
gives attachment to the transverse ligament of the atlas. 

8 The anterio r surface of the lateral mass gives origin 
to the rectus capitis anterior. 

9 The transverse process gives origin to the rect11s 
capitis lateralis from its upper surface anteriorly, the 
superior oblique from its upper surface posteriori y, the 
inferior oblique from its lower surface of the tip, the 
levator scapulae from its lateral margin and lower 
border, the splenius cervicis, and the scale1111s 111edi11s 
from the posterio r tubercle of transverse process. 

OSSIFICATION 

A tlas ossifies from three centres, one for each la teral 
m ass with half of the posterior a rch, o ne for the 
anterior arch . The cen tres for the la teral masses 
appear during seventh week of intrauterine liie and 
unite posteriorly at about three years. The centre for 
anterior arch appears at about first year and unites 
with the lateral mass at about 7 years. 

SECOND CERVICAL VERTEBRA 
This is called the axis (Latin axile). It is identified by 
the p resence of the dens or odontoid (Greek tooth) 
process which is a strong, tooth-like process projecting 
upwards from the bod y. The dens is usually believed 
to represent the centrum or body of the atlas w hich has 
fused w ith the centrum of the axis (Fig. 1 .51). 

Body and Dens 
1 The superior surface of the body is fused with the dens, 

and is encroached upon on each side by the superior 

Foramen 
lransversarium 

Transverse process 

~ ,<----......\-- - vertebral foramen 

- -+----- Inferior articular 
process 

Fig. 1.51 : Axis vertebra, posterosuperior view 

articular face ts. The dens articulates anteriorly with 
oval fact on posterior surface of the anterior arch 
of the atlas, and p osteriorly with the transverse 
ligament of the atlas. 

2 The inferior surface has a prominent anterior margin 
w hich projects downwards. 

3 The anterior surface presents a median ridge on each 
side of which there are hollowed out impressions. 

Vertebral Arch 
1 The pedicles are concealed superiorly by the superior 

a rticular processes. The inferior surface presents a 
deep and vvide inferior vertebral notch, placed in front 
of the inferior ar ticular process. The s uperior 
vertebral notch is very shallow and is placed on the 
upper border of the lamina, behind the superior 
articular process. 

2 The laminae are thick and strong. 
3 Articula r facets: Each superior articular facet occupies 

the upper surfaces of the body and of the massive 
pedicle. La tera ll y, it overhangs the fora m en 
transversarium. It is a large, flat, circular facet which 
is directed upwards and laterally. It articulates with 
the inferior facet of the atlas vertebra to form the 
a tlantoaxial joint. Each inferior articular facet lies 
posterior to the transverse process and is directed 
downwards and forwards to articulate with the third 
cervical vertebra. 

4 The transverse processes are very small and represent 
the true posterior tubercles only. Th e fo ramen 
transversarium is directed upwards and laterally 
(Fig. 1.51 ). 

5 The spine is large, thick and very strong. It is deeply 
grooved inferiorly. Its tip is bifid, terminating in two 
rough tubercles. 



Attachments 
1 The dens provides attachment at its apex to the apical 

ligament, and on each side, below the apex to the alar 
ligaments (see Fig. 9.12). 

2 The anterior surface of the body receives the insertion 
of the longus co/Ii. The anterior longitudinal ligame11f is 
also attached to the anterior surface. 

3 The posterior surface of the body provides attach-
ment, from below upwards, to the posterior longitudinal 
ligament, the membrann fectoria and the vertical limb 
of the cruciate ligament. 

4 The laminae provide attachmen t to the lignmenta Jlarn. 
5 The transverse process gives origin by its tip to the 

levntor scapulae, the scnlenus medius anteriorly and the 
splenius cervicis pos terio rly . The in tertransverse 
muscles are attached to the upper and lower surfaces 
of the process. 

6 The spine gives attachment to the ligame11/11m mtclzae, 
the semispinalis cervicis, the rectus capitis posterior 
major, the inferior oblique, the spi11nlis cervicis, the 
i11/rrspi11nlis and the mrtltifidus (see Chapter 10). 

SEVENTH CERVICAL VERTEBRA 
Jt is also known as the vertebra prominens because of its 
long s pinous p rocess, the tip of which can be felt 
through the skin at the lower end of the nuchal furrow . 

Its spine is thick, long and nearly horizontal. It is 
not bifid, but ends in a tubercle (Fig. 1.52). 

The transverse processes are comparatively large in 
size, the posterior root is larger than the anterior. The 
anterior tubercle is absent. The forarnen transversarium 
is relatively small, sometimes double, or may be entirely 
absent. It does not transmit the vertebral artery. 

Attachments 
1 The tip of the spine provides attachment to the ligamentwn 

nuchae, trapezi11s, rhomboid 111i11or, serratus posterior 
superior, sple11 i11s cnpitis, semispinalis thoracis, spinalis 
cervicis, i11 terspi11nles, and the multifidr1s (see Fig. 10.3). 

fora men 

Spine----1-

Posterior 
tubercle 

Superior articular 
process 

Fig. 1.52: Seventh cervical vertebra seen from above 
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2 Transverse process: The foramen transversarium usually 
transmits only an accessory vertebral vein. The 
posterior tubercle prov ides attachment to the 
suprapleurnl membrane. The lower border provides 
a ttachment to the leiialor cos/arum. 

The anterior root of the transverse process may 
sometimes be separate. It then forms a cervical rib of 
variable size. 

OSSIFICATION 

Its ossification is similar to that of a typica l cervical 
vertebra. In addition, separate centre for each costal 
process appears during sixth month of intrauterine 
life and fuses with the body and transverse process 
during fifth to sixth years of life. 

CLINICAL ANATOMY 

• The costa1 element of seventh cervical vertebra 
may get enlarged to form a cervical rib (Fig. 1.53). 

• A cervical rib is a.n additional rib arising from the 
C7 vertebra and usuaJly gets attached to the 1st rib 
near the insertion of scalenus anterior.Uthe rib is 
more thanS an long, it usually displaces the brach.ial 
plexus and the subclavian artery upwards (Fig. 1.54). 
The symptoms are tingling pa.in along the inner 
border of the forearm and hand including weakness 
and even paralysis of the muscles of the palm. 

• The inte rvertebral fo ra mina of the ce rv ical 
vertebrae, lie anterior to the join ts between the 
articular processes. Arthritic changes in these 
joints, if occur, cause tin y p rojec tions or 
osteophytes. These osteophytes may press on the 

Fig. 1.53: Bilateral cervical ribs 
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anteriorly placed cervical spinal nerves in the 
fo ramina causing pain along the course and 
distribution of these nerves (Fig. 1.55). 

• The joints in the lateral parts of adjacent bodies of 
cervical vertebrae are called Luschka's joints. The 
osteophytes commonly occur in these joints. The 
cervical nerve roots lying posterolateral to these 
joints may get pressed causing pain along their 
distribution (Fig. 1.55). 

• The vertebral artery coursing through the foramen 
transversarium lies lateral to these joints. The osteo-
phytes of Luschka joints may cause distortion of 
the vertebral artery leading to vertebrobasilar 
insufficiency. This may cause vertigo, dizziness, e tc. 

• Prolapse of the intervertebral disc occurs at the 
junction of different curvatures. So the common 
site is lower cervical and upper lumbar vertebral 
region. In the cervical region, the disc involved is 
above or below 6th cervical vertebra. The nerve roots 
affected are C6 and C7. There is pain and numbness 
along the lateral side of forearm and hand. There 
may be wasting of muscles of thenar eminence. 

• During judicial hanging, the odontoid process 
usually breaks to hit upon the vital centres in the 
medulla oblongata (Fig. 1.56). 

• Atlas may fuse with th.e occipital bone. This is called 
occipitalization of atlas and this may at times compress 
the spinal cord which requires surgical decompression 

• The pharyngeal and retropharyngeal inflamma-
tions may cause decalcification of atlas vertebra. 
This may lead to loosening of the attachments of 
transverse ligament which may eventually yield, 
causing sudden death from dislocation of dens. 

• Fractures of skull may be depressed, linear and 
basilar (Fig. 1.57). 

• Hangman's fracture occurs due to fracture of the 
pedicles of axis vertebra. As the vertebral canal 
gets enlarged, the spinal cord does not get pressed. 

C5 

C6 

C7 

CB 

Brachia! p:-50 
Fig. 1.54: Cervical rib causing pressure on the lower trunk of 
the brachia! plexus 

.. 

_J---- Joint between 
articular processes 

-i--.::::----t---lntervertebral 
foramen 

Fig. 1.55: Pressure on the cervical nerve due to bony changes 

Fig. 1.56: Fracture of the odontoid process during hanging 

Fig. 1.57: Types of the fracture of the skull 

Basilar 
fracture 



OSSIFICATION OF CRANIAL BONES 

Frontal: It ossifies in membrane. Two primary 
centres appear during eighth week near frontal 
eminences. At birth, the bone is in two hal ves, 
separated by a suture, which soon start to fuse. But 
remains of metopic suture may be seen in about 
3-8% of adult skulls. 

Parietal: It also ossifies in membrane. Two centres 
appear during seventh week near the parietal 
eminence and soon fuse with each other. 

Occipital: It ossifies partly in membrane and 
partly in cartilage. The part of the bone above 
highest nuchal line ossifies in membrane by two 
centres which appear during second month of 
foeta l life, it may remain separate as interparietal 
bone. 

The following centres appear in cartilage: 

• Two centres for squamous part below highest 
nuchal line appear during seventh week. One 
Kerckring centre appears for posterior margin of 
foramen magnum during sixteenth week. 

• Two centres one for each lateral parts appear 
during eighth week. One centre appears for the 
basilar part during sixth week. 

Temporal: Squamous and tympanic parts ossify 
in m emb rane. Squamous part by one centre 
which appears during seventh week. Tympnnic 
part from one centre which appears d uring thiid 
month. 

Petromasloid and shjloid parts ossify in cartilage. 
Petromastoid part is ossified by several centres which 
appear in cartilaginous ear capsule during fifth 
month. Stt;loid process develops from cranial end of 
second branchial arch cartilage. Two centres appear 
in it. Tympanohyal before birth and stylohyal after 
birth. 

Sphenoid: It ossifies in two parts: 

Presphenoidal part which lies in front of tubercuJ um 
sellae and lesser wings ossifies from six centres in 
cartilage: Two for body of sphenoid during ninth 
week; two for the two lesser wings during ninth 
week; two for the two sphenoidal conchae during 
filth month. 

Postsphenoidal part consisting of posterior part of 
body, greater wings and pterygoid processes ossifies 
from eight centres: 
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Two centres for two greater wings during eighth 
week forming the root only; two for postsphenoidal 
part of body during fourth month; two centres 
appear for the two pterygoid hamulus during third 
month of foetal life. These six centres appear in 
cartilage. Two centres for medial pterygoid plates 
appear during ninth week and the remaining portion 
of the greater wings and lateral plates ossify in 
membrane from the centres for the root of greater 
wing only. 

Ethmoid: It ossifies in cartilage. Three centres 
appear in cartilaginous nasal capsule. One centre 
appears in perpendicular plate during first year 
of life. Two centres one for each labyrinth 
appear between fourth and fifth months of intra-
uterine life. 

Mandible: Each half of the body is ossified in 
membrane by one centre which appears during sixth 
week near the mental foramen. The upper half of 
ramus ossifies in cartilage. Ossification spreads in 
condylar and coronoid processes above the level of 
the mandibular foramen. 

Inferior nasal concha: It ossifies in cartilage. One 
centre appears during fifth month in the lower border 
of the cartilaginous nasal capsule. 

Palatine: One centre appears during eighth 
week in perpendicular plate. It ossifies in mem-
brane. 

Lacrimal: It ossifies in membrane. One centre 
appears during twel~h week. 

Nasal: lt also ossifies in membrane from one 
centre which appears during third month of intra-
uterine life. 

Vomer: It ossifies in membrane. Two centres 
appear during eighth week on either side of midline. 
These fuse by twelfth week. 

Zygomatic: It ossifies in membrane by one centre 
which appears during eighth week. 

Maxilla: It also ossifies in membrane by three 
centres. One for main body which appears d uring 
sixth week above canine fossa. 

Two centres appear for premaxiJla during seventh 
week and fuse soon. 

Various foramina of anterior, middle and 
posterior cranial fossae and other foramina with their 
contents are shown in Table 1.4. 
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Foraminalapertures 
Table 1.4: Foramlna of skull bones and their contents (refer to BOC App) 

Contents 

ANTERIOR CRANIAL FOSSA 
Groove for superior sagittal sinus 
Foramen caecum 
Anterior ethmoidal foramen 
Foramina of cribiform plate 
Posterior ethmoidal foramen 

MIDDLE CRANIAL FOSSA 
Optic canal 
Superior orbital fissure: 

• Lateral part 

• Middle part 

• Medial part 
Foramen rotundum 
Foramen ovale 

Foramen spinosum 
Emissary sphenoidal foramen 
Foramen lacerum (Fig. 1.15} 

Carotid canal 
Groove for lesser petrosal nerve 
Groove for greater petrosal nerve 

POSTERIOR CRANIAL FOSSA 
Foramen magnum (Fig. 1.16) 

Superior sagittal sinus 
Emissary vein to superior sagittal sinus from upper part of nose 
Anterior ethmoidal nerve and vessels 
Olfactory nerve rootlets 
Posterior ethmoidal vessels 

Optic nerve and ophthalmic artery 

Lacrimal and frontal nerves (branches of ophthalmic nerve); trochlear nerve; superior 
ophthalmic vein; meningeal branch of lacrimal artery; anastomotic branch of middle 
meningeal artery, which anastomoses with recurrent branch of lacrimal artery. 
Upper and lower divisions of oculomotor nerve (CN Ill}, nasociliary nerve, abducent 
nerve (CN VI) 
Inferior ophthalmic vein; sympathetic nerve from plexus around internal carotid artery. 
Maxillary nerve (CN V2) 
Mandibular nerve (CN V3); accessory meningeal artery; lesser petrosal nerve; 
emissary vein connecting cavernous sinus with pterygoid plexus (male) 
Middle meningeal artery and vein, meningeal branch of mandibular nerve (CN V3) 
Emissary vein connecting cavernous sinus with pterygoid plexus of veins 
During life, the foramen is filled with cartilage 
No significant structure passes through it; internal carotid artery and nerve plexus pass 
across its superior end; nerve to pterygoid canal passes through its anterior wall; 
meningeal branch of ascending pharyngeal artery and emissary vein pass through it. 
Internal carotid artery and nerve plexus (sympathetic) 
Lesser petrosal nerve 
Greater petrosal nerve 

Lowest part of medulla oblongata and three meninges; vertebral arteries; spinal roots 
of CN XI; anterior and posterior spinal arteries; apical ligament; vertical band of cruciate 
ligament and membrana tectoria. 

Jugular foramen CN IX; X; XI; inferior petrosal and sigmoid sinuses; meningeal branches of ascending 
pharyngeal and occipital arteries. 

Hypoglossal canal/anterior condylar canal CN XII 
Internal acoustic meatus CN VII; VIII and labyrinthine vessels 
External opening of vestibular aqueduct Endolymphatic duct 
Posterior condylar canal Emissary vein connecting sigmoid sinus with the suboccipital venous plexus 
Mastoid foramen Mastoid emissary vein and meningeal branch of occipital artery 

OTHER FORAMINA 
External acoustic meatus 
External nasal foramen 
Greater palatine foramen 
Incisive canal 

Air waves 
External nasal nerve 
Greater palatine vessels; anterior palatine nerve 
Greater palatine vessels; terminal part of nasopalaline nerve 

(Contd ... ) 



Foramina/apertures 

Inferior orbital fissure 

lnfraorbital foramen 

Lesser palatine foramen 
Mandibular foramen/canal 
Mandibular notch 
Mastoid canaliculus 
Mental foramen 

Palatinovaginal canal 

Parietal foramen 
Petrotympanic fissure 
Pterygoid canal 

Pterygomaxillary fissure 
Pterygopalatine fossa 

Stylomastoid foramen 
Supraorbital foramen 
Tympanic canaliculus 
Tympanomastoid fissure 
Vomerovaginal canal 
Zygomatic foramen 

Zygomaticofacial foramen 
Zygomaticotemporal foramen 
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Table 1.4: Foramina of skull bones and their contents (Contd ... ) 
Contents 

Zygomatic nerve; orbital branches of pterygopalatine ganglion; infraorbital nerve and 
vessels 
lnfraorbital nerve and vessels 

Middle and posterior palatine nerves 
Inferior alveolar nerve and vessels 

Masseteric nerve and vessels 
Auricular branch of vagus nerve 

Mental nerve and vessels 
Pharyngeal branch from pterygopalatine ganglion; pharyngeal branch of maxillary 
artery 
Emissary vein from scalp to superior sagittal sinus 
Chorda tympanic nerve and anterior tympanic artery 
Nerve to pterygoid canal and vessels 
Maxillary nerve 

Pterygopalatine ganglion 
Facial nerve; stylomastoid branch of posterior auricular artery. 

Supraorbital nerve and vessels 
Tympanic branch of glossopharyngeal nerve 

Auricular branch of vagus nerve 
Branch of pharyngeal nerve and vessels 

Zygomatic nerve 
Zygomaticofacial nerve 

Zygomaticotemporal nerve 

CLINICOANATOMICAL PROBLEM 

• Eight bones in the caJvaria and 14 facial bones make 
up the skull. 

A young woman complains of pain and numbness 
along the lateral s ide of forearm and hand, with 
wasting of the muscles of thenar eminence. 

• Most of the joints are 'suture' type of joints. The 
joint between teeth and gums is gomphosis. There 
is a pair of temporomandibular joints, which is of 
synovial variety. 

• The bony ossicles are malleus, incus and stapes and 
are "bone within bone", as these are present in the 
petrous temporal bone. Betw een these three 
ossicles are two synovial joints. 

• Diploe ve ins contain m anufactured RBCs, 
granuJocytes and platelets. These drain into the 
neighbouring veins. 

• Paranasal sinuses give resonance to the voice, 
besides humidifying and warming up the inspired 
air. 

• Why is there pain in forearm and hand with no 
injury to the affected area? 

• Why are thenar muscles getting weaker? 
Ans: There is no obvious injury in the hand or 
forearm. These symptoms are nervous in nature. One 
has to look for the nerve root which supplies this 
area. The nerve root is cervical 6. Feel the cervical 
spine for any pain. An X-ray / CT scan may reveal 
prolapse of the intervertebral disc between C6 and 
C7 vertebrae compressing the cervical 6 nerve root. 
These roots form part of lateral cutaneous nerve of 
forearm, and median nerves. Since median nerve 
(C6) supplies thenar muscles, there is wasting/ 
weakness of these muscles. As lateral cutaneous 
nerve of forearm is pressed, there is numbness on 
lateral side of forearm and hand. 
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FREQUENTLY ASKED QUESTIONS 

1. Enumerate the muscles attached to the hyoid bone. 
Give their nerve supply. 

2. Name the structures traversing foramen magnum. 
Depict these with the help of a diagram. 

3. Write short notes/ enumerate: 
a. Structures p assing though superior orbital 

fissure 

b. Pterion bones meeting at this point and its clinical 
importance 

c. Attachments of muscles on mastoid process with 
their nerve supply 

d. Ligaments/ membranes attached to atlas vertebra 
e. Structure passing through jugular foramen 
f. Name paired bones of cranium and face 

MULTIPLE CHOICE QUESTIONS 

1. Which of the following structures does not pass 
through foramen magnum? 
a. Accessory pharyngeal artery 
b. Vertebral artery 
c. Spinal accessory nerve 
d. Vertical band of cruciate ligament 

2. Which of the following nerves does not pass through 
jugular foram en? 
a. Vagus b . Hypoglossal 
c. Glossopharyngeal d . Accessory 

3. Which is the thickest boundary of the orbit? 
a. Lateral b. Medial 
c. Roof d. Floor 

4. Which bone is not a "bone w ithin the bone" in 
petrous temporal bone? 
a. Malleus b. Hyoid 
c. Incus d . Stapes 

5. Which of the parasympathetic ganglia does not 
have a secretomotor root? 
a. Submandibular b. Pterygopala tine 
c. Otic d. Ciliary 

ANSWERS 
1. a 2. b 3. a 4. b 5. d 
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2 
Scalp, Temple and Face 

INTRODUCTION 
Face is the most prominent part of the body. Facial 
muscles, being the muscles of facial expression, express 
a variety of emotions like happiness, joy, sadness, anger, 
frowning, grinning, etc. The face, therefore, is an index 
of mind. One's innerself is expressed by the face itself 
as it is controlled by the higher centres. 

FEATURES THAT CAN BE IDENTIFIED 
1 The forehead is the part of the face between the 

hairline of adolescent's scalp and the eyebrows. The 
superolateraJ prominence of the forehead is known 
as the frontal eminence. 

2 Identify the following in relation to the nose: The 
prominent ridge separating the right and left halves 
of the nose is caUed the dorsum. The upper narrow 
end of the nose just below the forehead, is the root of 
the nose. The lower end of the dorsum is in the form 
of a somewhat rounded tip. At the lower end of the 
nose, we see the right and left nostrils or anterior nares. 
The two nostrils are separated by a soft med ian parti-
tion called the columella. This is continuous w ith the 
nasal septum which separates the two nasal cavities. 
Each nostril is bounded laterally by the ala. 

3 The palpebral fissure is an elliptica l opening between 
the two eyelids. The lids are joined to each other at 
the medial and lateral angles or canthi of the eye. 
The free margin of each eyelid has eyelashes or cilia 
arranged along its outer edge (Fig. 2.1). 
Through the palpebral fissure are seen: 
a. The opaque sclera or white of the eye. 
b. The transparent circular cornea through which the 

coloured iris and the dark circular pupil can be seen. 
The eyeballs are lodged in bony sockets, called the 
orbits. 

The conjunctiva is a moist, transparent membrane. 
The part which covers the anterior surface of the 
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Plica 
semilunaris 

Lacrimal ---,£ ,, 
caruncie 

Lacus 
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of eye 

'----- Iris and pupil 
seen through 
cornea 

Fig. 2.1: Some features to be seen on the face around the left eye 

eyeball is the bulbar conjunctiva, and the part lining 
the inner surfaces of the lids is the palpebrnl conjunc-
tiva. The line along which the bulbar conjunctiva 
becomes the palpebral conjunctiva is known as the 
conjunctiva/ fornix. The space between the two is the 
conjunctiva/ sac. 

4 The oral fissure or mouth is the opening between the 
upper and lower lips. It lies opposite the cutting edges 
of the upper incisor teeth. The angle of the mouth 
usually Hes just in front of first upper premolar tooth. 
Each lip has a red margin at mucocutaneous junction 
and a dark margin, wi th a nonhairy thin skin inter-
vening between the two margins. The lips normally 
close the mouth along their red margins. The philtrum 
is the median vertical groove on the upper lip. 

5 The external ear is made up of two parts: A superficial 
projecting part, called the auricle or pinna; and a deep 
canal, called the external acoustic meat11s. The mobile 
auricle helps in catching the sound waves, and is a 
characteristic feature of mammals. Deta ils of the 
structure of the auricle will be considered later. 

6 The supraorbital margin lies beneath the upper margin 
of the eyebrow. The supraorbital notch is palpable 
at the junction of the medial one-third with the lateral 
two-thirds of the supraorbital margin. A vertical line 
drawn from the supraorbital notch to the base of the 
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mandible, passing midway between the lower two 
prem olar teeth, crosses the infraorbita l foramen 
5 mm below the infraorbital margin, and the mental 
foramen m idway between the upper and lower 
borders of the mandible. 

7 The superciliary arch is a curved bony ridge situated 
immediately above the m ed ia l pa rt of each 
sup raorbi tal margin. The glabella is the median 
elevation connecting the two superciliary arches, and 
corresp onds to elevation between the two eyebrows. 

SCALP AND SUPERFICIAL TEMPORAL REGION 

DISSECTION 
Place 2- 3 wooden blocks under the head to raise it 
about 10-12 cm from the table. Figure 2.2 shows a 
median incision in the skin of scalp extending from root 
of the nose (i) , to the prominent external occipital 
protuberance (ii) . Give a coronal incision across the 
previous incision from root of one auricle to the other 
(iii). Extend the incision from the auricles to the mastoid 
process posteriorly (iv), and to root of zygoma anteriorly 
(v). Reflect the skin in four flaps . Usually the skin is so 
adherent to the subjacent connective tissue and 
aponeurotic layers that these a ll come off together. 
Dissect the layers , including the nerves, vessels , 
lymphatics and identify these structures in the cadaver 
(refer to BOC App). 

SCALP 
The soft tissues covering the cranial vault form the scalp 
(Fig. 2.3). 

Extent of Scalp 
Anteriorly, supraorbital margins; posteriorly, exte rnal 
occipital protuberance an d superior nuchal lines; and 
on each side, the superior temporal lines. 

ii 

Fig. 2.2: Lines of dissection for scalp, face and eyelids 

Structure 
Conventionally, the superficial temp oral region is 
studied with the scalp, and the following description, 
therefore, will cover both the regions. 

The scalp is made up of five layers (mnemonic 
SCALP) 

a. Skin 
b. Superficial fascia (Connective tissue) 
c. Deep fascia in the fo rm o f the ep icranial 

aponeurosis or galea aponeuro tica wi th the 
occipitofron talis muscle 

d. Loose areolar tissue 
e. Pericranium (Figs 2.3a and b). 
The skin is th ick and h airy. It is adheren t to the 

ep icranial aponeurosis through the dense superficial 
fascia, as in the palms and soles. It has more number of 
sweat glands and sebaceous glands. 

The subcutaneous or superficial fascia is more fibrous 
and dense in the cen tre than a t the periphery of the 
head. It contains many blood vessels. 

It b inds the skin to the subjacent aponeurosis, and 
provides the proper medium for passage of vessels and 
nerves to the skin. 

The occipitofrontalis muscle has two bellies, occipital 
or occipitalis and frontal or frontalis, both of w hich are 
inserted into the ep icranial aponeurosis. The occipital 
bellies are small and separate. Each ar ises from the 
lateral two-thirds of the superior nuchal Line, an d is 
supplied by the posterior auricular branch of the facial 
nerve. 

The frontal bellies are longer, wider and partly united 
in the median p lane. Each arises from the skin of the 
u p p er eyelid an d fo rehead, mingling w ith the 
orbicularis oculi and the corrugator supercilii. It is 
suppl ied by the temporal branch of the facia l nerve (see 
Fig. 1.6). 

The muscle raises the eyebrows and cau ses 
horizontal wrinkles in the skin of the forehead (Fig. 2.4). 

The temporoparietalis muscle is present on lateral 
side which arises from temporal fascia and fuses with 
epicranial aponeurosis. It is supplied by tempor al 
b ranch of facial nerve. 

The epicranial aponeurosis, or galea aponeurotica is 
freely movable on the p ericranium along w ith the 
overlying and adherent skin and fascia (Figs 2.3a and 
2.9). Anteriorly, it receives the insertion of the frontalis, 
posteriorly, it receives the insertion of the occipitalis 
and is attached to the external occipital p rotuberance, 
and to the highest nuchal lines in between the occipital 
bellies. On each side, the aponeurosis is a ttached to the 
superior temporal line, bu t sends d own a thin 
expansion which passes over the temporal fascia and 
is attached to the zygomatic arch (Fig. 2.3b). 
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Skin with hair (S) 

Epicranial aponeurosis (A) 
:::---...__ Loose connective tissue (L) 

Pericranium (P) 

Skin {1) 
Superficial fascia (2) 
Extension of 
epicranial 
aponeurosis (3) 
Temporal fascia (4) 

Auricular 
muscle 

Temporal is 
muscle (5) 

Figs 2.3a and b: (a) Layers of the scalp, and (b) layers of superficial temporal region 

First three layers of scalp are called surgical layers of 
the scalp. These are called as scalp proper aJso. 

The fourth layer of the scalp is made up of loose 
areolar tissue. It extends an teriorly into the eyelids 
(Fig. 2.4) because the frontalis muscle has no bony 
attachmen t; posteriorly to the highest and superior 
nuchal lines; and on each side to the superior temporal 
lines. It gives passage to the emissary veins which 
connect extracraniaJ veins to intracranial venous sinuses 
(Fig. 2.3a). 

The fifth layer of the scalp, called the pericranium, 
is loosely attached to the surface of the bones, but is 
firmly adherent to their sutures where the suturaJ 
ligaments bind the pericranium to the endocranium 
(Fig. 2.3a). 

Epicranial------.,,&.--
aponeurosis 

Eyelid 

Tarsus 
Conjunctiva----

Frontal bone 

Layer of loose areolar 
tissue or subaponeurotic 
tissue 

Fig. 2.4: Schematic section through the scalp and upper eyelid 
to show how fluids can pass from the subaponeurotic space or 
layer of loose areolar tissue of the scalp into the eyelid, and into 
the subconjunctival area. Note that this is possible because the 
frontalis muscle has no bony attachment 

SUPERFICIAL TEMPORAL REGION 
It is the area between the superior temporal line and 
the zygomatic arch. This area contains the following 
6 layers (Fig. 2.3b ): 
1 Skin 
2 Superficia I fa scia 
3 Thin extension of epicranial aponeurosis which gives 

origin to extr insic muscles of the auricle 
4 TemporaJ fascia 
5 Temporalis muscle 
6 Pericranium. 

Tempus means time. Greyi ng of hair first starts here. 

Arterial Supply of Scalp and 
Superficial Temporal Region 
In front of the auricle, the scalp is supplied from before 
backwards by the: 

• S 11pratrochlear 
• Supraorbital 
• Superficial temporal arteries (Fig. 2.5). 
The first two are branches of the ophthalmic artery 

which in turn is a branch of the internaJ carotid artery. 
The superficial temporal is a branch of the external 
carotid artery. 

Behind the auricle, the scalp is supplied from before 
backwards by the: 

• Posterior auricular 
• Occipital arteries, both of which are branches of 

the external carotid artery. 
Thus, the scalp has a rich blood supply derived from 

both the internal and the external carotid arteries, the 
two systems anastomosing over the temp le. 
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Zygomaticotemporal nerve----/. 
Temporal branch of facial (motor) nerve __ _.,, 

Auriculotemporal nerve 

Great auricular nerve 
Posterior auricular (motor) nerve 

Lesser occipital nerve 

Third occipital nerve ______ ., 

Pinna 

Posterior auricular artery 

Fig. 2.5: Arterial and nerve supply of scalp and superficial temporal region 

Venous Drainage 
The veins of the scalp accompany the arteries and have 
similar names. The supratrochlear and supraorbital veins 
unite at the medial angle of the eye forming the angular 
vein which continues down as the facial vein. 

The superficial temporal vein descends in front of the 
tragus, enters the parotid gland, and joins the maxillary 
vein to form the retromandibular vein. This vein divides 
into two divisions. 

The anterior division of the retromandibular vein 
unites with the facial vein to form the common facial 
vein which drains into the internal jugular vein. 

Superior and inferior---------, 
ophthalmic veins 

The posterior division of the retromandibular vein 
unites w ith the posterior auricular vein to form the 
external jugular vein which uJtimately drains into the 
subclavian vein. The occipital veins termina te in the 
suboccipital venous plexus (Fig. 2.6). 

Emissary veins connect the extracranial veins with 
the intracranial venous sinuses to equalise the pressure. 
These veins are valveless. The parietal emissary vein 
passes through the parietal foramen to ente r the 
superior sagittal sinus. The mastoid emissary vein passes 
through the mastoid foramen to reach the sigmoid 
sinus. Remaining emissary veins are shown in Table 1.1. 

Cavernous sinus 

Superficial temporal 

Angular vein ---- --1---11 

Maxillary----/-- -\-----+--11 ,..__..,.._-___ _,__ Retromandibular vein 
Emissary vein----¼- .--~ ----'\....!... 

Facial------fl""-:__:~ 

Deep facial---- ~ ::._ _ _,,, 
Pterygoid plexus -----1--- _,, 

Fig. 2.6: The veins of the scalp, face and their deep connections with the cavernous sinus and the pterygoid plexus of veins 



Extracran ial infections may spread through these veins 
to intracranial venous sinuses. 

Diploic veins start from the cancellous bone within 
the two tables of skull. These ca rry the newly formed 
blood cells into the general circulation. These are four 
veins on each side (see Fig. 1.17). 

The frontal diploic vein emerges at the supraorbital 
notch open into the supraorbital vein. Anterior temporal 
diploic vein ends in anterior deep temporal vein or 
sphenoparietal sinus. Posterior temporal diploic vein ends 
in the transverse sinus. The occipital diploic vein opens 
either into the occipital vein, or into the transverse sinus 
near the median plane (see Table 1.2). 

Lymphatic Drainage 
The an terior part of the sca lp d rains into the pre-
auricular or parotid lymph nodes, situa ted on the 
surface of the parotid gland. The posterior part of the 
scalp drains into the posterior auricular or mastoid and 
occipital lymph nodes. 

Nerve Supply 
The scalp and temple are supplied by ten nerves on 
each s ide. Out of these, five nerves (four sensory and 
one motor) enter the scalp in front of the auricle. The 
remaining fi ve nerves (again four sensory and one 
motor) enter the scalp behind the auricle (Fig. 2.5 and 
Table 2.1). 

Table 2.1: Nerves of the scalp and superficial temporal 
region 
In front of auricle 
Sensory nerves 
• Supratrochlear, branch of 

the frontal (ophthalmic 
division of trigeminal nerve) 

• Supraorbital, branch of 
frontal (ophthalmic division 
of trigeminal nerve) 

• Zygomaticotemporal, 
branch of zygomatic nerve 
(maxillary division of 
trigeminal nerve) 

• Auriculotemporal branch of 
mandibular division of 
trigeminal nerve 

Motor nerve 
• Temporal branch of facial 

nerve 

Behind the auricle 
Sensory nerves 
• Posterior division of great 

auricular nerve {C2, C3) 
from cervical plexus 

• Lesser occipital nerve 
{C2), from cervical plexus 

• Greater occipital nerve 
(C2, dorsal ramus) 

• Third occipital nerve 
(C3, dorsal ramus) 

Motor nerve 
• Posterior auricular branch 

of facial nerve 
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CLINICAL ANATOMY 

• Wounds of the scalp gape when the epicranial 
aponeurosis is divided transversely. 

• Because of the abundance of sebaceous glands, the 
scalp is a common site for sebaceous cysts (Fig. 2.7). 

• Wounds of the scalp bleed profusely because the 
vessels are prevented from retracting by the fibrous 
fascia. Bleed ing can be arrested by applying 
p ressure at the si te of injury by a tight cotton 
bandage against the bone. 

• Because of the density of fascia, subcutaneous haemorr-
hages are never extensive, and the inflammations 
in this layer cause little swelling but much pain. 

• Because the pericranium is adherent to sutures, 
collections of fluid deep to the pericranium known 
as cephalhaematoma take the shape of the bone 
concerned when there is fracture of particular bone. 

• The layer of loose areolar tissue is known as the 
dangerous area of tire scalp because the emissary veins, 
which course here may transmit infection from the 
scalp to the cranial venous sinuses (Fig. 2.3a). 

• Collection of blood in the layer of loose connective 
tissue causes generalised swelling of the sca lp. The 
blood may extend anteriorly into the root of the 
nose and into the eyelids (as frontalis muscle has 
no bony origin) causing resulting in black eye 
(Fig. 2.4). The posterior limit of such haemorrhage 
is not seen . If bleeding is due to local injury, the 
posterior limit of haemorrhage is seen (Fig. 2.8). 

• Because of the spread of blood, compression of brain 
is not seen and so this layer is also called safety layer. 

• Since the blood supply of scalp and superficial 
temporal region is very rich; avulsed portions need 
not be cut away. They can be replaced in position 
and stitched: they usually take up and heal well. 

Fig. 2.7: Bilateral sebaceous cysts ~------ ---
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Fig. 2.8: Right eye-black eye due to injury to the scalp; left 
eye-black eye due to local injury 

FACE 

DISSECTION 
Give a median incision from the root of nose, across 
the dorsum of nose, centre of philtrum of upper lip, to 
centre of lower lip to the chin (vi) . Give a horizontal 
incision from the angle of the mouth to posterior border 
of the mandible (vii). Reflect the lower flap towards and 
up to the lower border of mandible (Fig. 2.2; line with 
dots). Direct and reflect the upper flap till the auricle. 
Subjacent to the skin, the facial muscles are directly 
encountered as these are inserted in the skin. Identify 
the various functional groups of facial muscles. 

Trace the various motor branches of facial nerve 
emerging from the anterior border of parotid gland to 
supply these muscles. Amongst these motor branches 
on the face are the sensory branches of the three 
divisions of the trigeminal nerve. Try to identify all these 
with the help of their course given in the text (Fig. 2.12a) 
(refer to BOC App). 

Features 
The face, or countenance, extends superiorly from the 
adolescent position of hairline, inferiorly to the chin 
and the base of the mandible, and on each side to the 
auricle. The forehead is, therefore, common to both the 
face and the scalp. 

SKIN 
1 The facial skin is ven; vascular. Rich vascularity makes 

the face blush and blanch. Wounds of the face bleed 
profusely but heal rapidly. The results of plastic 
surgery on the face are excellent for the same reason. 

2 The facial ski_n is rich in sebaceous and sweat glands. 
Sebaceous glands keep the face oily, but also cause 
acne in young adults. Sweat glands help in regulation 
of the body temperature. 

3 LaxihJ of the greater part of the skin facilitates rapid 
spread of oedema_ Renal oedema appears first in the 
eyelids and face before spreading to other parts of 
the body. 

4 Boils in the nose and ear are acutely painful due to 
the fixity of the skin to the underlying cartilages. 

5 Facial skin is very elastic and thick because the facial 
muscles are inserted into it. The wounds of the face, 
therefore, tend to gape. 

SUPERFICIAL FASCIA 
It contains: (i) The facial muscles, all of which are 
inserted into the skin, (ii) the vessels and nerves, to the 
muscles and to the skin, and (iii) a variable amount of 
fat. Fat is absent from the eyelids, but is well developed 
in the cheeks, forming the buccal pads tha t are very 
prominent in infants in whom they help in sucking. 

The deep fascia is absent from the face, except over the 
parotid gland where it forms the parotid fascia, and 
over the buccinator where it forms the buccopharyngeal 
fascia. 

FACIAL MUSCLES 
The facial muscles, or the muscles of facial expression, 
are subcutaneous muscles. They bring about different 
facial expressions. These have small motor units. 

£mbryologically, they develop from the mesoderm of 
the second branchial arch, and are, therefore, supplied 
by the facial nerve. 

Morphologically, they represent the best remnants of 
the panniculus carnosus, a continuous subcutaneous 
muscle sheet seen in some animals. All of them are 
inserted into the skin. 

Topographically, the muscles are grouped under the 
following six heads. 

Functionally, most of these muscles may be regarded 
primarily as regulators of the three openings situated 
on the face, namely the palpebral fissures, the nostrils 
and the oral fissure. Each opening has a single sphincter, 
and a va riable number of dilators. Sphincters are 
naturally circula r and the dila tors radial in their 
arrangement. These muscles are better developed around 
the eyes and mouth than around the nose (Table 2.2). 

Table 2.2: Functional groups of facial muscles 
Opening Sphincter Dilators 
A. Palpebral Orbicularis 1. Levator palpebrae 

fissure oculi superioris 
2. Frontalis part of 

occi pitofronta I is 
B. Oral fissure Orbicularis All the muscles around the 

C. Nostrils 

oris mouth, except the orbicularis 
oris, the sphincter, and the 
mentalis which do not mingle 
with orbicu laris o ris (see 
above) 

Compressor 1. Dilator naris 
naris 2. Depressor septi 

3. Medial slip of levator labii 
superioris alaeque nasi 



Muscle of the Scalp 
Occipitofrontalis-described in scalp. 

Muscles of the Auricle 
Situated around the ear: 
1 Auricularis anterior 
2 Auricularis superior 
3 Auricularis posterior 
These are vestigeal muscles. 

Muscles of the Eyelids/Orbital Openings 
1 Orbicularis oculi (Fig. 2.9 and Table 2.3) 
2 Corrugator (Latin to wrinkle) supercilii (Fig. 2.9 and 

Table 2.3) 
3 Leva tor palpebrae superioris (an extraocular muscle, 

supplied by sympathetic fibres and the third cranial 
nerve) is described in Chapter 13. 

Muscles of the Nose 
1 Procems (Fig. 2.9) 
2 Compressor naris. 

Compressor nasi -t-',.--J~ 

Levator labii superions -+-cai---£"....,,, 

Zygomaticus minor ----;-,_. ..... 
Zygomaticus major ---,,--;---;. 
Levator anguli oris 

and buccinator 
Risorius-----+-f-,,---.,-

Modiolus---~'d---o----'-"" 
Orbicularis oris - - ----'"----,-"a-..,.: 

Platysma-----~ 

Depressor anguli oris-----------., 

Depressor labii inferioris---------3\;llb-''--'--;'~ 
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3 Dilator naris 
4 Depressor septi 

Muscles around the Mouth 
1 Orbicularis oris (Fig. 2.9) 
2 Buccinator (Latin cheek) (Fig. 2.10) 
3 Levator labii superioris alaeque nasi (Fig. 2.10) 
4 Zygomaticus major (Fig. 2.9) 
5 Leva tor labii superioris (Fig. 2.9, inset) 
6 Levator angu li oris 
7 Zygomaticus minor 
8 Depressor anguli oris (Fig. 2.10) 
9 Depressor labij inferioris 

10 Mentalis (Latin chin) 
11 Risorius (Latin laughter) 

Muscles of the Neck 
Platysma (Greek broad) 

Details of the other muscles are given in Table 2.3. 

-;-c--',---- Levator labii superioris 
alaeque nasi 

--:--:..--;;-~=c---,-;r---- Frontal belly of 
occipitofrontalis 

Fig. 2.9: The facial muscles 
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Table 2.3: The facial muscles 
Name Origin Insertion 

Muscles of eyelid/orbital opening 
1. Corrugator supercilii Medial end of superciliary arch Skin of mid-eyebrow 

(Fig. 2.9) 
2. Orbicularis oculi (Fig. 2.9) 

a. Orbital part, on and 
around the orbital 
margin 

b. Palpebral part, in the lids 

c. Lacrimal part, lateral and 
deep to the lacrimal sac 

Muscles around nasal opening 
3. Procerus 

4. Compressor 
naris 

5 . Dilator naris 
6. Depressor 

septi 

Mucles around the lips 
7. Orbicularis oris 

a. Intrinsic part, deep 
stratum, very thin sheet 

b. Extrinsic part, two 
strata, formed by 
converging muscles 
(Fig. 2.9) 

8. Buccinator, the muscle of 
the cheek (Fig. 2.10) 

Pierced by 
- Parotid duct and 
- Buccal branch of 

mandibular nerve 

9. Levator labii 
superioris 
alaeque nasi 

10. Zygomaticus 
major 

11 . Levator labii 
superioris 

12. Levator anguli 
oris 

Medial part of medial palpe-
bral ligament, frontal process 
of maxilla and nasal part of 
frontal bone 
Lateral part of medial 
palpebral ligament 
Lacrimal fascia and posterior 
lacrimal crest, forms 
sheath for lacrimal sac 

Nasal bone and upper part 
of lateral nasal cartilage 

Concentric rings return to 
the point of origin 

Lateral palpebral raphe 

Pass laterally in front of 
tarsal plates of eyelids 
to the lateral palpebral 
raphe 

Skin of forehead 
between eyebrows and on 
bridge of the nose 

Maxilla just lateral to nose Aponeurosis across 
dorsum of nose 

Maxilla over the lateral incisor Alar cartilage of nose 
Maxilla over the medial incisor Lower mobile part of 

nasal septum 

Superior incisivus, from 
maxilla; inferior incisivus, 
from mandible 

Thickest middle stratum, 
derived from buccinator; thick 
superficial stratum, derived 
from elevators and depressors 
of lips and their angles 
1. Upper fibres, from maxilla 

opposite molar teeth 

2. Lower fibres, from 
mandible, opposite molar 
teeth 

3. Middle fibres, from pterygo-
mandibular raphe 

Frontal process of maxilla 

Posterior aspect of lateral 
surface of zygomatic bone 
lnfraorbital margin 
of maxilla 
Maxilla just below 
infraorbital foramen 

Angle of mouth 

Lips and the angle of the 
mouth 

1 . Upper fibres, straight to 
the upper lip 

2. Lower fibres, straight to 
the lower lip 

3. Middle fibres decussate 

Upper lip and alar 
cartilage of nose 

Skin at the angle of the 
mouth 
Skin of upper lateral 
half of the upper lip 
Skin of angle of the 
mouth 

Actions 

Vertical lines in forehead, 
as in frowning 
Protects eye from bright light, 
wind and rain. Cause forceful 
closure of eyelids 

Closes lids gently as in 
blinking and sleeping 
Dilates lacrimal sac for 
sucking of lacrimal fluid into 
the sac, directs lacrimal 
puncta into lacus lacrimalis; 
supports the lower lid 

Causes transverse wrinkles 

Nasal aperture compressed 

Nasal aperture dilated 
Nose pulled inferiorly 

Closes lips and protrudes lips, 
numerous extrinsic muscles 
make it most versatile for 
various types of grimaces 

Flattens cheek against gums 
and teeth; prevents accumu-
lation of food in the vestibule. 
This is the whistling muscle 

Lifts upper lip and dilates 
the nostril 

Pulls the angle upwards and 
laterally as in smiling 
Elevates the upper lip, 
forms nasolabial groove 
Elevates angle of mouth, 
forms nasolabial groove 

(Contd ... } 
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Name Origin 
Table 2.3: The facial muscles (Contd .. . ) 

Insertion Actions 

13. Zygomaticus 
minor 

14. Depressor 
anguli oris 

15. Depressor 
labii inferioris 

16. Mentalis 

17. Risorius 

Muscles of the neck 
18. Platysma 

(Fig. 2.9) 

Anterior aspect of lateral 
surface of zygomatic bone 
Oblique line of mandible 
below first molar, premolar 
and canine teeth 
Anterior part of oblique line 
of mandible 

Mandible inferior to incisor 
teeth 

Fascia on the masseter 
muscle 

Upper parts of pectoral and 
deltoid fasciae 
Fibres run upwards and 
medially 

Upper lip medial to 
its angle 
Skin at the angle of mouth 
and fuses with orbicularis 
oris 
Lower lip at midline, fuses 
with muscles from opposite 
side 
Skin of chin 

Skin at the angle 
of the mouth 

Anterior fibres, to the base 
of the mandible; posterior 
fibres to the skin of the 
lower face and lip, and 
may be continuous with 
the risorius 

Elevates the upper lip 

Draws angle of mouth 
downwards and laterally 

Draws lower lip downward 

Elevates and protrudes 
lower lip as it wrinkles skin 
on chin 
Retracts angle of mouth 

Releases pressure of skin on 
the subjacent veins; depres-
ses mandible; pulls the angle 
of the mouth downwards as 
in horror or fright 

Modiolus: It is a compact, mobile fibromuscular structure present at about 1 .25 cm lateral to the angle of the mouth opposite the 
upper second premolar tooth. The five muscles interlacing to form the modiolus are: zygomaticus major, buccinator, levator anguli 
oris, risorius and depressor anguli oris. 

Buccinator with 
modiolus 

l -+- ~ ~---1- Levator labii 
supenoris 
alaeque nasi 

...-__...,- Levator labii 
superloris 

Levator anguli 
oris 

Depressor 
anguli oris 

~:;+,,-;---\-- Depressor labii 
inferioris 

Fig. 2.10: Some of the facial muscles 

A few of the common facial expressions and the muscles 
producing them are given below (Fig. 2.11): 

1 Smiling and /a11ghi11g: Zygomaticus major. 
2 Sadness: Levator labii superio ris and levator 

anguli oris. 
3 Grief: Depressor anguli oris. 

4 Anger: Dilator naris and depressor septi. 
5 Dislike: Corrugator supercilLl and procerus. 
6 Horror, terror and fright: Platysma 
7 Surprise: Frontalis 
8 Doubt: Mentalis 
9 Grinni11g: Risorius 

10 Contempt: Zygomaticus minor. 
11 Closing the 111011th: Orbicularis oris 
12 Whistling/kissing: Buccinator, and orbicularis oris. 

NERVE SUPPLY OF FACE 

Motor Nerve Supply 
The facial nerve is the motor nerve of the face. Its five 
terminal branches, temporal, zygomatic, buccal, 
marginal mandibular and cervical emerge from the 
parotid g land a nd d iverge to s upply the various facial 
muscles as follows. 

Temporal- frontalis, auricular muscles, orbicularis 
oculi (Fig. 2.12a). 

Zygomatic-orbicularis oculi (lower eyelid part). 
Buccal-muscles of the cheek and upper lip. 
Marginal mandibular-muscles of lower lip. 
Cervical-p latysma. 
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Fig. 2.11 : Some common facial expressions 

This can be understood by putting your right wrist 
on the right ear and spreading five digits; the thumb 
over the temporal region, the index finger on the 

Facial 
nerve 

(a) 

zygomatic bone, middle finger on the upper lip, the 
ring finger on the lower lip and the little finger over 
the neck (Fig. 2.12b). 

.....::::...,,¢:~ -- Marginal 
mandibular 

(b) 

Figs 2.12 a and b: Terminal branches of the facial nerve 



CLINICAL ANATOMY 

• The facial nerve is examined by testing the 
following facial muscles (Fig. 2.13). 
a. Frontalis: Ask the patient to look upwards with-

out moving his head, and look for the normal 
horizontal wrinkles on the forehead (Fig. 2.13a). 

b. Dilators of mouth: Showing the teeth (Fig. 2.136). 
c. Orbicularis oculi: Tight closure of the eyes 

(Fig. 2.13c). 
d. Buccinator: Puffing the mouth and then blowing 

forcibly as in whistling (Fig. 2.13d). 
• Infranuclear lesion (Fig. 2.14) of the facial nerve, at 

the stylomastoid foramen is known as Bell's palsy, 
upper and lower quarters of the face on the same 
side get paralysed. The face becomes asymmetrical 

(a) (b) 

SCALP, TEMPLE AND FACE 

and is drawn up to the normal side. The affected 
side is motionless. Wrinkles disappear from the 
forehead. The eye cannot be closed. Any attempt 
to smile draws the mouth to the normal side. 
During mastication, food accumulates between the 
teeth and the cheek. Articulation oflabials is impaired. 

• In supranuclear lesions of the facial nerve; usually 
a part of hemiplegia, with injury of corticonuclear 
fibres, only the lower quarter of the opposite side 
of face is paralysed. The upper quarter with the 
fron talis and orbicularis oculi escapes due to its 
bilateral representation in the cerebral cortex 
(Fig. 2.15). Only voluntary movements are affected 
and emotiona I expressions remain normal as there 
are separate pathways for voluntary and emotional 
movements. 

(c) (d) 
Figs 2.13a to d: (a) Test for frontalis, (b) test for dilators of mouth, (c) test for orbicularis oculi, and (d) test for buccinator 

Cerebral cortex 

Fig. 2.14: lnfranuclear lesion of right facial nerve or Bell's palsy 

Paralysis of only lower 
quarter of facial muscles 

on the contralateral 
side 

Injury to 
corticonuclear 
fibres 

Fig. 2.15: Supranuclear lesion of left facial nerve 
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Sensory Nerve Supply 
The trigeminal nerve through its th ree branches is the 
chief sensory nerve of the face (Fig. 2.16 and Table 2.4). 
The skin over the angle of the jaw and over the parotid 
gland is supplied by the great auricular nerve (C2, C3). 

13 
15 

14 
12 

Dorsal 
pnmary 
ram1of 
C2, C3 

Fig. 2.16: The sensory nerves of the face and neck. (1) Supra-
trochlear, (2) supraorbital, (3) palpebral branch of lacrimal, 
(4) infratrochlear, (5) external nasal, (6) infraorbital, (7) zygomatico-
facial, (8) zygomaticotemporal, (9) auriculotemporal, (10) buccal, 
(11) mental, (12) great auricular, (13) transverse cutaneous nerve 
of neck, (14) lesser occipital, and (15) supraclavicular 

In addition to most of the skin of the face, the sensory 
d istribution of the trigeminaJ nerve is also to the nasal 
cavity, the paranasal air sinuses, the eyeball, the mouth 
cavity, palate, cheeks, gums, teeth and anterior two-
thirds of tongue and the supratentorial part of the dura 
mater, including that lining the anterior and middle 
cranial fossae (Fig. 2.16). 

CLINICAL ANATOMY 

• The sensory distribution of the trigeminal nerve 
explains why headache is a uniformly common 
symptom in involvements of the nose (common 
cold, boils), the paranasa l air sinuses (sinusitis), 
infections and inflammations of teeth and gums, 
refractive errors of the eyes, and infection of the 
meninges as in meningitis. 

• Trigeminal neuralgia may involve one or more of 
the three divisions of the trigeminal nerve. It 
causes attacks of very severe burning and scalding 
pain along the distribution of the affected nerve. 
Pain is relieved either: (a) By injecting 90% alcohol 
into the affected division of the trigeminal 
ganglion, or (b) by sectioning the affected nerve, 
the main sensory root, or the spinal tract of the 
trigeminal nerve which is situated superficially in 
the medulla. The procedure is called medullary 
tractotom y. 

Table 2.4: Cutaneous nerves of the face 
Source 

a. Ophthalmic division of 
trigeminal nerve 

b. Maxillary division of 
trigeminal nerve 

c. Mandibular division of 
trigeminal nerve 

d. Cervical plexus 

Cutaneous neNe 

1. Supratrochlear nerve 
2. Supraorbital nerve 
3. Lacrimal nerve 
4. lnfratrochlear nerve 
5. External nasal nerve 

1. lnfraorbital nerve 
2 . Zygomaticofacial nerve 
3. Zygomaticotemporal nerve 

1. Auriculotemporal nerve 
2. Buccal nerve 
3. Mental nerve 

1 . Anterior division of great auricular nerve 
(C2, C3) 

2. Upper division of transverse (anterior) 
cutaneous nerve of neck (C2, C3) 

Area of distribution 

1. Upper eyelid and forehead 
2. Upper eyelid, frontal air sinus, scalp 
3. Lateral part of upper eyelid 
4. Medial parts of both eyelids 
5. Lower part of dorsum and tip of nose 

1 . Lower eyelid, side of nose and upper lip 
2. Upper part of cheek 
3. Anterior part of temporal region 

1. Upper two-thirds of lateral side of 
auricle, temporal region 

2. Skin of lower part of cheek 
3. Skin over chin 

1. Skin over angle of the jaw and over 
the parotid gland 

2. Lower margin of the lower jaw 



ARTERIES OF THE FACE 

DISSECTION 
Tortuous facial artery enters the face at the lower border 
of mandible. Dissect its course from the anteroinferior 
angle of masseter muscle running to the angle of mouth 
till the medial angle of eye, reflecting off some of the 
facial muscles, if necessary (Fig. 2.17). 

Straight facial vein runs on a posterior plane than 
the artery. 

Identify buccopharyngeal fascia on the external 
surface of buccinator muscle. Clean the deeply placed 
buccinator muscle situated lateral to the angle of mouth. 

Identify parotid duct, running across the cheek 2 cm 
below the zygomatic arch. The duct pierces buccal pad 
of fat , buccopharyngeal fascia, buccinator muscle, 
mucous membrane of the mouth to open into its 
vestibule opposite second upper molar tooth (Fig. 2.20). 

FEATURES 
The face is richly vascular. It is supplied by: 
1 The facial artery, 
2 The transverse facial artery, and 
3 Arteries that accompany the cutaneous nerves. 

These are small branches of ophthalmic, maxillary 
and superficial temporal arteries. 

Facial Artery (Fac ial Part) 
The facial artery is the chief artery of the face (Fig. 2.17). 
It is a branch of the external carotid artery given off in 
the carotid triangle just above the level of the tip of the 

External carotid artery 
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greater cornua of the hyoid bone. In its cervical course, 
it passes through the submandibular region, and finally 
enters the face. 

Course 
1 lt enters the face by winding around the base of the 

mandible, and by piercing the deep cervical fascia, 
a t the anteroinferior angle of the masseter muscle. It 
can be palpated here and is called 'anaesthetist's artery'. 

2 First it runs upwards and forwards to a point 1.25 cm 
lateral to the angle of the mouth. Then it ascends by 
the side of the nose up to the medial angle of the 
eye, where it terminates by supplying the lacrimal 
sac; and by anastomosing wi th the dorsal nasal 
branch of the ophthalmic artery. 

3 The facial artery is very tortuous. The tortuosity of 
the artery prevents its walls from being unduly 
stretched during movements of the mandible, the lips 
and the cheeks. 

4 It lies between the superficial and deep muscles of 
the face. 
The course of the artery in the neck is described in 

submandibular region. 

Branches 
The anterior branches on the face are large and named. 
They are: 
1 Inferior labial, to the lower lip. 
2 Superior labial, to the upper lip and the anteroinferior 

part of the nasal septum. 
3 Lateral nasal, to the ala and dorsum of the nose. 
The posterior branches are small and unnamed. 

v.+.,------Supraorbital artery 

Supratrochlear artery 

,,.,~,----- Dorsal nasal artery 

Lateral nasal artery 

Fig. 2.17: Arteries of the face 
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Anastomoses 
1 The large anterior branches anastomose with similar 

branches of the opposite side and with the mental 
artery. In the lips, anastomoses are large, so that cut 
arteries spurt from both ends. 

2 Sm all posterior branches anastomose with the 
transverse facial and infraorbital arteries. 

3 At the medial angle of the eye, terminal branches of 
the facial artery anastomose with branches of the 
ophthalmic artery. This is, therefore, a site for 
anastomoses between the branches of the external 
and internal carotid arteries. 

Transverse Facial Artery 
This small artery is a branch of the superficial temporal 
artery. After emerging from the parotid gland, it runs 
forwards over the masseter between the parotid duct 
and the zygomatic arch, accompanied by the upper 
buccal branch of the facial nerve. It supplies the parotid 
gland and its duct, masseter and the overlying skin, 
and ends by anastomosing with neighbouring arteries 
(Fig. 2.17). 

VEINS OF THE FACE 
1 The veins of the face accompany the arteries and 

drain into the common facial and retromandibular 
veins. They communicate w ith the cavernous sinus. 

2 The veins on each side form a 'W-shaped' arrangement. 
Each corner of the 'W' is prolonged upwards into 
the scalp and downwards into the neck (Fig. 2.6). 

3 The facial vein is the largest vein of the face with no 
valves. It begins as the angular vein at the medial 
angle of the eye. It is formed by the union of the 
supratrochlear and supraorbital veins. The angular 
vein continues as the facial vein, running down-
wards and backwards behind the facial artery, but 
w ith a straigh ter course. It crosses the anteroinferior 
angle of the masseter, pierces the d eep fascia, 
crosses the submandibular gland, and joins the 
anterior division of the retromandibular vein below 
the angle of the mandible to form the common facial 
ve!n. The latter drains into the internal jugular vein . 
It 1s represented by a line drawn just behind the 
~acial ~rtery. The other veins drain into neighbour-
mg vems. 

4 Deep connections of the facial vein include: 
a. A communication between the supraorbital and 

superior ophthalmic veins. 
b. Another connection with the pterygoid plexus 

through the deep facial vein which p asses 
backwards over the buccinator. The connection 
between facial vein and cavernous sinus is shown 
in Flowchart 2.1. 

Flowchart 2.1: Connection between facial vein and cavernous 
sinus 

Facial vein 

Deep facial vein 

Pterygoid venous plexus 

Emissary vein 

+ 
Cavernous sinus 

Dangerous Area of Face 
The facial vein communicates with the cavernous sinus 
through emissary veins. Infections from the face can 
spread in a retrograde direction and cause thrombosis 
?f the cavernous sinus. This is specially likely to occur 
m the presence of infection in the upper lip and in the 
lower part of the nose. This area is, therefore, called 
the dangerous area of the face (Fig. 2.18). 

CLINICAL ANATOMY 

The facial veins and its deep connecting veins are 
devoid of valves, making an uninterrupted passage 
of blood to cavernous sinus. Squeezing the pustules 
or pimples in the area of the upper lip or side of nose 
or eve~ the cheeks may cause infection which may 
be earned to the cavernous sinus leading to its 
thrombosis. So the cheek area may also be included 
as the dangerous area (Fig. 2.18). 

Fig. 2.18: Dangerous area of the face (stippled). Spread of 
infection from this area can cause thrombosis of the 
cavernous sinus 



LYMPHATIC DRAINAGE OF THE FACE 
The face has three lymphatic territories: 
1 Upper territory, including the grea ter part of the 

forehead, lateral halves of eyelids, conjunctiva, lateral 
part of the cheek and parotid area, drains into the 
preauriculnr parotid nodes. 

2 Middle territory, including a strip over the median 
part of the forehead, external nose, upper lip, lateral 
part of the lower lip, medial halves of the eyelids, 
medial part of the cheek, and the greater part of lower 
jaw, drains into the submandibular nodes. 

3 Lower territory, including the central part of the lower 
lip and the chin, drains into the s11bmental nodes 
(Fig. 2.19). 

Fig. 2.19: The lymphatic territories of the face. Area (A) drains 
into the preauricular nodes, area (B) drains into the submandibular 
nodes, and area (C) drains into the submental nodes 

Palate ~ - ---- Vestibule 

Second molar tooth 

Buccal lymph node 
Buccal pad of fat 

Fig. 2.20: Scheme of coronal section showing structures in the 
cheek. The parotid duct pierces buccal pad of fat, buccopharyngeal 
fascia, buccinator muscle and the mucous membrane to open 
into the vestibule of mouth opposite the crown of the upper second 
molar tooth 
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Labial, Bucco/ and Molar Mucous Glands 
The labial and buccal mucous glands are numerous. 
They lie in the submucosa of the lips and cheeks. The 
molar mucous glands, fo ur or five, lie on the bucco-
pharyngeal fascia around the parotid duct. All these 
glands open into the vestibule of the mouth (Fig. 2.20). 

EYELIDS OR PALPEBRAE 

DISSECTION 
Give a c ircular incision around the roots of eyelids 
(Fig. 2.2-vii i and ix). This will separate the orbital part 
of orbicularis oculi from the palpebral parts. Carefully 
reflect the palpebral part towards the palpebral fissure. 
Identify the structures present beneath the muscle as 
given in the text. 

The upper and lower eyelids are movable curtains 
which protect the eyes from foreign bodies and bright 
light. They keep the cornea clean and moist. The upper 
eyelid is larger and more movable than the lower eyelid 
(Figs 2 .21a and b) . 

Features 
The space between the two eyelids is the paJpebral 
fissure. The two lids are fused with each other to form 
the medial and lateral angles or canthi of the eye. At 
the inner canthus, there is a small triangular space, the 
lacus lacrimalis. Within it, there is an elevated lacrimal 
caruncle, made up of modified skin and skin glands. 
Lateral to the caruncle, the bu lbar conjunctiva is 
pinched up to form a vertical fold called the plica 
semilunaris (Fig. 2.1). 

Each eyelid is attached to the margins of the orbital 
opening. Its free edge is broad and has a rounded outer 
lip and a sharp inner lip. The outer lip presents two or 
more rows of eyelashes or cilia, except in the boundary 
of the lacus lacrimalis. At the point where eyelashes 
cease, there is a lacrimal papilla on the summit of which 
there is the lacrimnl punctum (Fig. 2.1). ear the inner 
lip of the free edge, there is a row of openings of the 
tarsal glands. 

The free margin of both the eyelids is subdivided 
into: la teral 5/6th, the ciliary part with eyelashes and 
medial l / 6th, the lacrimal part, which lacks cilia. 

Structure 
Each lid is made up of the following layers from without 
inwards: 
1 The skin is thin, loose and easily d is tensible by 

oedema flu id or blood. 
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2 The superficial fascia is without any fat. It contains 
the palpebral part of the orbicularis oculi. Deep to 
the muscle is loose areolar tissue which is continuous 
with loose areolar tissue of the scalp. 

3 The palpebral fascia of the two lids forms the orbital 
septum. Its thickenings form tarsal plates or tarsi in 
the lids and the palpebral ligaments at the angles. Tarsi 
are th.in plates of condensed fibrous tissue located near 
the lid marg ins. They give stiffness to the lids 
(MiHler's muscles) (Fig. 2.21a). 
The palpebral fascia (orbital septum) is pierced by: 
(a) palpebral part of lacrima l gland, (b) fibres of 
levator palpebral superior.is, (c) vessels and nerves 
entering the face from the orbit. 
The upper tarsus receives two tendinous slips from 
the levator palpebrae superioris, one from voluntary 
part and another from involuntary part Muller's 
muscle (Fig. 2.21b). Tarsal glands or meibomian 
glands are embedded in the posterior surface of the 
tarsi; their ducts open in a row behind the cilia. 

4 The conjunctiva lines the posterior surface of the tarsus. 
Apart from the usual glands of the skin, and mucous 

glands in the conjunctiva, the larger glands found in 
the lids are: 

a. Large sebaceous glands also called as Zeis's glands 
at the lid margin associated with cilia. 

b. Modified sweat glands or Moll's glands at the lid 
margin closely associated with Zeis's glands and 
cilia. 

c. Sebaceous or tarsal glands are a lso known as 
meibomian glands. 

Blood Supply 

The eyelids are supplied by: 
1 The superior and inferior palpebral branches of the 

ophthalmic artery. 

Levator 

2 The lateral palpebral branch of the lacrimal artery. 
They form an arcade in each lid. 
The veins drain into the ophthalmic and facial veins. 

Nerve Supply 
The uppe r eyelid is supplied by the lacr imal, 
supraorbita l, supratrochlear and infratrochlear nerves 
from lateral to medial side. 

The lower eyelid is supplied by the infraorbital and 
infratrochlear nerves (Fig. 2.16). 

Lymphatic Drainage 
The medial halves of the lids drain into the submandi-
bular nodes, and the lateral halves into the preauricular 
nodes (Fig. 2.19). 

CLINICAL ANATOMY 

• The Muller's muscle or involuntary part of levator 
palpebrae superioris is supplied by sympathetic 
fibres from the superior cer vical ganglion. 
Paralysis of this muscle leads to partial ptosis. This 
is part of the Homer's syndrome. 

• The palpebral conjunctiva is examined for 
a naemia and for conjunctiv itis; the bulbar 
conjunctiva for jaundice. 

• Conjunctivitis is one of the commonest diseases 
of the eye. It may be caused by infection or by 
allergy. 

• Foreign bodies are often lodged in a groove 
situated 2 mm from the edge of each eyelid. 

• Chalazion is inflammation of a tarsal gland, 
causing a localized swelling pointing inwards. 

• Ectropion is due to eversion of the lower lacrimal 
punctum. It usually occurs in old age due to laxity 
of skin. 

Superior 
tarsus 

palpebrae 
supenoris Orbicularis oculi 

Medial 
palpebral 
ligament 

lnfraorbital ____ __. 
vessels and 

nerve 
{a) 

Orbital 
septum 

Lateral 
palpebral 
raphe 

Inferior 
tarsus 

(orbital part) 

Orbital septum 
Orbicularis oculi 
(palpebral part) 

Superior tarsus 

Ciliary glands 

Tarsal gland 

Superior conjunctiva! fornix 
Conjunctiva 

Part of 
conjunctiva! sac 

- --- Cornea 

Figs 2.21a and b: (a) Orbital septum, and (b) sagittal section of the upper eyelid 



• Trachom a is a contagious granular conjunctivitis 
caused by the trachoma virus. It is regarded as 
the commonest cause of blindness. 

• Stye or hordeolum is a suppurative inflammation 
of one of the glands of Zeis. The gland is swollen, 
hard and painful, and the whole of the lid is 
oedematous. The pus points near the base of one 
of the cilia. 

• Blepharitis is inflammation of the eyelids, specially 
of the lid margin. 

LACRIMAL APPARATUS 

DISSECTION 
On the lateral s ide of the upper lid , cut the palpebra l 
fascia. This will show the presence of the lacrimal gland 
deep in this a rea. Its palpebral part is to be traced in 
the upper eyelid. On the media l ends of both the eyelids 
look for lacrimal papilla. Palpate and dissect the media l 
palpebral ligament binding the medial ends of the 
eyelids. Try to locate the s mall lacrimal sac behind this 
ligament. 

COMPONENTS 
The structures concerned with secretion and drainage of 
the lacrimal or tear fluid cons titute th e lacrimal 
apparatus. It is made up of the following parts: 
1 Lacrimal gland and its ducts (Figs 2.22a and b) 
2 Conjunctiva! sac 
3 Lacrimal puncta and lacrimal canaliculi 
4 Lacrimal sac 
5 Nasolacrimal duct. 

Superior lacrimal - ----.. 
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Lacrimal Gland 
It is a serous gland situated chiefly in the lacrimal fossa 
on the anterolateral part of the roof of the bony orbit 
and partly on the upper eyelid. Small accessory lncrimal 
glands are found in the conjunctiva! fomices. These a re 
also called as Krause's gland. 

The gland is T shaped, being indented by the tendon 
of the levator palpebrae superioris muscle. It has: 

a. An orbital part which is larger and deeper, and 
b. A palpebral part smaller and s uperficia l, lying 

w ithin the eyelid (Figs 2.22a and b). 
Abo ut a dozen of its ducts pierce the conjunctiva of 

the upper lid and open into the conjunctival sac near 
the superior fornix. Most of the d ucts of the orbital part 
pass through the palpebral part. Removal of the latter 
is functionally equivalent to removal of the entire gland. 
After removal, the conjunctiva and cornea are 
moistened by accessory lacrimal glands. 

The gland is supplied by the lacrimal branch of the 
o phthalmic a rtery and by the lacrimal nerve. The nerve 
has both sensory and secre tomotor fibres. Flowchart 2.2 
shows the secretomotor fibres for lacrimal gland. 

The lacrimal fluid secreted by the lacrimal gland 
flows into the conjunctiva! sac where it lubricates the 
front of the eye and the deep surface of the lids. Periodic 
blinking helps to spread the fluid over the eye. Most of 
the fluid evaporates. The rest is drained by the lacrimal 
canaliculi. When excessive, it overflows as tears. 

Conjunctiva! Sac 
The conjunctiva lining the deep surfaces of the eyelids 
is called palpebral conjunctiva and tha t lining the front 
of the eyeball is bu lbar conjunctiva. The potential space 
between the p alpebra l a nd bulbar parts is the 

4--r=-Lacrimal 
gland papilla and punctum 

Lacrimal sac - ---- ,Ii:'\, ~~~ ~ Wi:h~- -Lacrimal 

Figs 2.22a and b: 

ducts 

~ - --Inferior lacrimal papilla 
and punctum 

~-- -Lacrimal caruncle 

Levator palpebrae superioris 

(b) 

Palpebral part 
Lacrimal ducts 
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Flowchart 2.2: Secretomotor fibres for lacrimal gland 

Lacrimatory nucleus 

Nervus intermedius 

Facial nerve 

Geniculate ganglion 

Greater petrosal nerve + deep petrosal nerve 

Nerve of pterygoid canal 

Pterygopalatine ganglion 

Greater petrosal ! Relays 
nerve 

Postganglionic fibres 

Pass along 

Maxillary nerve 

Pass along 

Zygomatic nerve 

Zygomaticotemporal 

Communicating branch to lacrimal nerve 

Lacrimal nerve 

+ 
Lacrimal gland 

conjunctiva/ sac. The lines along which the palpebral 
conjunctiva of the upper and lower eyelids is reflected 
on to the eyeball are called the superior and inferior 
conjunctiva/ Jornices . 

The palpebral conjunctiva is thick, opaque, highly 
vascular, and adherent to the tarsal plate. The bu/bar 
conjunctiva covers the sclera. It is thin, transparent, and 
loosely attached to the eyeball. Over the cornea, it is 
represented by the anterior epithelium of the cornea. 

Lacrimal Puncta and Conalicull 
Each lacrimal canaliculus begins at the lacrimal punctum, 
and is 10 mm long. It has a vertical part which is 2 mm 
long and a horizontal part which is 8 mm long. There 
is a dilated ampu1la at the bend . Both canaliculi open 
close to each other in the lateral wall of the lacrimal sac 
behind the medial palpebral ligament. 

Lacrimal Sac 
It is membranous sac 12 mm long and 5 mm wide, 
situated in the lacrimal groove behind the medial 
palpebral ligament. Its upper end is blind. The lower 
end is continuous with the nasolacrimal duct. 

The sac is related anteriorly to the medial palpebral 
ligament and to the orbicularis oculi. Medially, the 
lacrimal groove separates it from the nose. Laterally, it 
is related to the lacrimal fascia and the lacrimal part of 
the orbicularis ocul i. 

Nasolacrlmal Duct 
It is a membranous passage 18 mm long. It begins at 
the lower end of the lacrimal sac, runs downwards, 
backwards and laterally, and opens into the inferior 
meatus of the nose. A fold of mucous membrane called 
the valve of Hasner forms an imperfect valve at the lower 
end of the duct. 

CLINICAL ANATOMY 

• Inflammation of the lacrimal sac is called dacro-
cystitis. 

• The ducts of lacrimal gland open through its 
palpebral part into the conjunctiva} sac. Because 
of this arrangement, the removal of palpebral part 
necessitates the removal of the orbital part as 
well. 

• Excessive secretion of the lacrimal fluid over-
flowing on the cheeks is called epiphora. Epiphora 
may result due to obstruction in the lacrimal fl uid 
pa th way, either a t the level of punctum or 
canaliculi or nasolacrimal duct. 

DEVELOPMENT OF FACE 
Five processes of face, one frontonasal, two maxillary 
and two mandibular processes form the face. 
Frontonasal process fo rms the forehead, the nasal 
sep tum, philtrum of upper lip and p remaxilla bearing 
upper fom incisor teeth. 

Maxillary process forms whole of upper lip except 
the philtrurn and most of the hard and soft palate except 
the part formed by the premaxilla. 

Mandibular process forms the whole lower lip. 
Cord of ectoderm gets b uried at the junction of 

frontonasal and maxillary processes. Canalisation of 
ectodermal cord of cells gives rise to nasolacrimal 
duct. 



Mnemonics 
Bell's palsy 
Blink reflex abnormal 
Ear ache 
Lacrimation (deficient) 
Loss of taste in anterior two-thirds of tongue 
Sudden onset 
Palsy of muscles of facial expression all symptoms 
are unilateral 

Five branches of the facial nerve (VII) 
(Ten Zebras Bit My Cat) 
Temporal 
Zygomatic 
Buccal 
Marginal mandibular 
Cervical 

• Forehead is common to both the scalp and the face. 
• There are 5 layers in scalp and 6 layers in the 

superficial temporal region. 
• Impulses from skin of the face reach the three 

branches of trigeminal nerve, whereas the muscles 
of facial expression are supplied by the facial nerve. 
To establish the reflex arc, nucleus of VII nerve 
comes closer to the spinal nucleus of V nerve at the 
level of lower pons. This is called "neurobiotaxis". 

• Facial nerve though courses through the parotid 
gland, does not give any branch to the largest 
salivary gland. 

• Buccinator is an accessory muscle of mastication, 
as it p revents food en tering the vestibule of mouth. 

• Pa rt of the face is called as "dangerous area of face" 
as the facial vein communicates with cavernous 
venous sinus situated in the cranial cavity. Any 
infec tion from th is part of face can infect the 
intracranial venous sinus, i.e. cavernous sinus. 

• Leva tor palpebrae superioris is supplied partly by 
oculomotor nerve and partly by sympathetic fibres. 

• The facial muscles are subcutaneous in position 
and represents morphologically remnants of 
panniculus carnosus. 

SCALP, TEMPLE AND FACE 

CLINICOANATOMICAL PROBLEMS 

Case 1 
A man of about 30 years comes to OPD with inability 
to close his left eye, tears overflowing on the left 
cheek and saliva dribbling from his left angle of the 
mouth. 
• What is the reason for his sad condition? 
• What nerve is damaged and how is the integrity 

of the nerve tested? 

Ans: The reason for the patient's sad condition is 
paralysis of his left facial nerve at the stylomastoid 
foramen. It is called Bell' s palsy. It is treated by 
physiotherapy and medicines. 
Facial nerve is tested by: 

Asking the patient: 
1. To look upwards without moving his head, 

and look for the normal horizontal wrinkles 
on the forehead. 

ii. To show the teeth 
111. Tightly close the eyes to test the orbicularis 

oculi muscle. 
iv. Puffing the mouth and then blowing out air 

forcibly to test the buccinator muscle. 

Case 2 
A teenage girl with infected acne tried to drain the 
p us tules on her u pper lip with her bare hand s. 
After few days she noticed severe weakness in her eye 
muscles. 
• H ow a re the pus tu les connected to ne rves 

supplying eye muscles? 

Ans: Infection from pustules travels via facial vein, deep 
facial vein, pterygoid venous plexus, emissary vein to 
cavernous venous sinus and III, IV and VI cranial nerves 
related in its lateral wall. Since the nerves are infected, 
the extraocular muscles get weak and may get para-
lysed. 

FREQUENTLY ASKED QUESTIONS 

1. Describe the ar terial supply and venous drainage 
of the face, add a note on its clinical impor-
tance. 

2. Enumerate the layers of the scalp. Give its blood 
supply, nerve supply and clinical importance. 

3. Write short notes/ enumerate: 
a. Buccinator muscle 
b. Sensory nerve supply of face 
c. Components of lacrimal apparatus 
d . Features of Bell's palsy 
e. Emissary veins 
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MULTIPLE CHOICE QUESTIONS 

1. asolacrimal duct opens into: 
a. Anterior part of inferior meatus 
b. Vestibule of nose 
c. Middle meatus 
d. Superior meatus 

2. Dangerous area of face is named because of 
connection of cavernous sinus with facia l vein 
through w hich vein? 
a. Maxillary 
b. Anterior ethmoidal 
c. Posterior ethmoidal 
d. Deep facial 

3. Which of the following muscle separates the orbital 
and palpebral parts of the lacrimal gland? 
a. Superior oblique 
b. Superior rectus 

c. Inferior oblique 
d. Levator palpabrae superioris 

4. Infection in dangerous area of face usually leads 
to: 
a. Superior sagittal sinus thrombosis 
b. Transverse sinus thrombosis 
c. Cavernous sinus thrombosis 
d. Brain abscess 

5. Supraorbital artery is a branch of: 
a. Maxillary b. External carotid 
c. Ophthalmic d. Internal carotid 

6. Which of the following nerve ascends along w ith 
occipital artery in the scalp? 
a. Greater occipital b. Lesser occipital 
c. Third occipital d . Suboccipital 

ANSWERS 
1. a 2.d 3. d 4.c 5. c 6. a 
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INTRODUCTION 
The beauty of the neck lies in its deep or cervical fascia. 
The s ternocleidomastoid is an important landmark 
between the anterior and posterior triangles . The 
posterior triangle conta ins the spinal root of accessory 
nerve deep to its fascia! roof and the roots and trunks 
of brachia! plexus deep to its fascia! floor. It a lso 
contains a pa rt of the subclav ian artery, which continues 
as the axillary arte ry for the upper limb. Arteries like 
the rivers are named according to the regions they pass 
through. Congestive cardiac failure can be seen a t a 
g lance by the raised jugula r veno us pressure. Th is 
external jugula r vein lies in the superficia l fascia 
(Fig. 3.la) and if cut, leads to air embolism, unless the 
deep fascia pierced by the vein is also cut to collapse 
the vein. 

LANDMARKS 
1 The sternocleidomastoid muscle is seen prominently 

when the neck and chin are turned to the opposite side. 
The ridge raised by the muscle extends from the 
clavicle and sternum to the mastoid process (Fig. 3.1 b ). 

2 The external jugular vein crosses the stemocleidomastoid 
obliquely, running downwards and backwards from 
near the auricle to the clavicle. It is better seen in old 
age. 

3 The greater supraclavicular fossa lies above and behind 
the middle one-third of the clavicle. It overlies the 
cervical part of the brachia! plexus and the third part 
of the subclavian ar tery. 

4 The lesser supraclavicu/ar fossa is a small depression 
between the s ternal and clavicular parts of the sterno-
cleidomastoid. It overlies the inte rnal jugular vein. 

5 The mastoid process is a large bony projection behind 
the auricle. 

6 The transverse process of the atlas vertebra can be felt 
on deep p~essure midway between the angle of the 
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mandible and the m astoid process, immedia tely 
anteroinferior to the tip of the masto id p rocess. 

7 The fourth cervical transverse process is just p alpable 
a t the level of the upper border of the thyroid 
cartilage; and the sixth cervical transverse process at 
the level of the cricoid cartilage. 

8 The a nterior tubercle of the transverse process of 
the sixth cervical vertebra is the largest of a ll such 
processes a nd is called the carotid tubercle of 
Chassaignac. The common carotid artery can be best 
pressed against this tubercle, deep to the anterior 
border of the s ternocleidomastoid muscle. 

9 The anterior border of the trnpezius muscle becomes 
pro minent on elevation of the shoulder aga ins t 
resistance. 

THE NECK 

DISSECTION 
Give a median incision from the chin downwards 
towards the s uprasterna l notch s ituated above the 
manubrium of sternum. 

Make one incision in the skin of base of mandible. 
Continue it by oblique incision along posterior border 
of ramus of mandible up to mastoid process and further 
along the superior nuchal line till the external occipita l 
protuberance. 

One incision is given along the upper border of 
clavicle (Fig. 3.1 a). Reflect only the skin up towards 
the anterior border of trapezius muscle. 

Platysma, a part of the subcutaneous muscle is 
visible . Reflect the platysma towards the mandible. 
Identify the anterior or transverse cutaneous nerve of 
the neck in the upper part of superficial fascia. Anterior 
jugular vein running vertically close to the median plane 
is also encountered. Remove the superficia l fascia till 
the deep fascia of neck is seen (Fig. 3.1 b) . 
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External jugular vein is seen above the clavicle. 
To open up the suprasternal space, make a horizontal 

incision just above the sternum. Extend this incision 
along the anterior border of sternocleidomastoid muscle 
for 3-4 cm. Reflect the superficial lamina to expose the 
suprasternal space and identify its contents. 

Define the attachments of investing layer, pretracheal 
layer, prevertebral layer and carotid sheath. 

Anterior ---+-.-11 

jugular vein 

Vertical 
incision 

----.- '---"----- Oblique 
incisions 

--- -------External 
jugular vein 

Horizontal 
incision 

Fig. 3.1 a: Lines of dissection 

BOUNDARIES 
The side of the neck is roughly quadrilateral in outline. 
It is bounded anteriorly, by the anterior median line; 
posteriorly, b y the anterior bord e r of trapezius; 
superiorly, by the base of mandible, a line joining angle 
of the mandible to mastoid process, and superior nuchal 
line; and inferiorly, by the clavicle. 

This quadrilateral space is divided obliquely by the 
sternocleidomastoid muscle into the anterior and 
posterior triangles (Fig. 3.lb). 

SKIN 
The skin of the neck is supplied by the second, third 
and fourth cervical nerves. The anterolateral part is 
suppl ied b y anterior primary rami through the 
(i) anterior cutaneous, (ii) great auricular, (iii) lesser 
occipital and (iv) supraclavicular nerves. A broad band 
of skin over the posterior part is supplied by dorsal or 
posterior primary rami (see Fig. 2.16). 

First cervica l spinal n e rve has no cutaneous 
distribution. Cervical fifth, sixth, seventh, eighth and 
thoracic first nerves supply the upper limb through the 
brachial plexus; and, therefore, do not supply the neck. 
The territory of fourth cervical nerve extends into the 
pectoral region through the supraclavicular nerves and 
meets second thoracic dermatome at the level of the 
second costal cartilage. 

/.6'"7,rfl.r,ff~~---Posterior belly of digastric 
with stylohyoid 

Anterior ~f_},tJ'lfHf:----- Pulley for intermediate tendon 
triangle Half submental triangle _ ______ _,,,,,,.....,;,._.,,_ of digastric muscle 

Carotid triangle------~ 

Muscular triangle------

Superior belly of omohyold and pulley -------
for intermediate tendon of omohyoid 

Inferior belly of omohyoid-------------' 

~ L-ll-lMf-r.fll------Sternocleidomastoid 

Fig. 3.1 b: Side of neck divided into anterior and posterior triangles 



SUPERFICIAL FASCIA 
Superficial fascia contains areolar tissue with platysma 
(see Table 2.3). Lying deep to platysma are cutaneous 
nerves (Fig. 3.6), superficial veins (see Fig. 2.6), lymph 
vessels, lymph nodes and small arteries. 

CLINICAL ANATOMY 

The surgeon has to stitch pla tysma muscle separately 
so that skin does not adhere to deeper neck muscles, 
otherwise the skin will get an ugly scar. 

DEEP CERVICAL FASCIA (FASCIA COLLI) 
The deep fascia of the neck is condensed to form the 
following layers: 
1 Investing layer (Fig. 3.2) 
2 Pretracheal fascia 
3 Prevertebral fascia 
4 Carotid shea th 
5 Buccopharyngeal fascia 
6 Pharyngobasilar fascia. 

INVESTING LAYER 
It lies deep to the platysma, and surrounds the neck 
like a collar. lt forms the roof of the posterior triangle 
of the neck (Fig. 3.3). 

Hyoid bone - - ~ 
Thyroid cartilage ----+-'lr-'!rll 

Investing layer of cervical fascia - ---'~ 
Cricoid cartilage and ligament of Berry-----l-lHAI 

Pretracheal fascia 

Attachments 

Superiorly 

SIDE OF THE NECK 

a. External occipital protuberance 
b. Superior nuchal line 
c. Mastoid process, styloid process 
d . External acoustic meatus, tympanic plate 
e. Base of the mandible. 

Between the angle of the mandible and the mastoid 
process, the fascia spli ts to enclose the parotid gland 
(Fig. 3.4). 

The superficial lamina named as parotid fascia is thick 
and dense, and is attached to the zygoma tic arch. The deep 
lamina is thin and is attached to the styloid process, the 
tympanic p late and the mandible. Between the styloid 
process and the angle of the mandible, the deep lamina 
is thick and forms the stylomandibular ligament which 
separates the parotid gland from the submandibular 
gland, and is pierced by the external carotid artery. 

At the base of mandible, it encloses submandibular 
gland. The superficial lamina is attached to lower 
border of body of mandible and deep lamina to the 
mylohyoid line. 

Inferiorly 
a. Spine of scapula, 
c. Clavicle, and 

b. Acromion process, 
d. Manubrium. 

\\ .,.....--1-- - External occipital 
protuberance 

'---'-- -- Ligamentum nuchae 

-1--- - - - Investing layer of deep 
cervical fascia 

'--....,._ _ ___ Spine of C7 
.....__,__ _ _ _ C7 

'---- - ---- Fusion of prevertebral fascia and / --t-- Fibrous pericardium anterior longitudinal ligament 

Fig. 3.2: Vertical extent of the first three layers of the deep cervical fascia 
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Thyroid gland--- -

Oesophagus - ---
Trachea---

Stemohyoid 

Internal jugular vein ---- -,4~~ 

Common carotid artery --- -+Hf-

Vagus nerve - ---Hl..ffi .. ff-""=--,:; 

Sympathetic trunk 
Longus colli 

Scalenus anterior 
Trunks of brachia! plexus _ ___,.-,-

Scalenus medius 

Ligamentum nuchae 

------ Skin 

--- Fused buccopharyngeal and 
prevertebral fasciae 

\\ ____ _ Retropharyngeal lymph 
nodes 

Carotid sheath 

Investing layer 

Prevertebral fascia 

Fig. 3.3: Transverse section through the neck at the level of the seventh cervical vertebra 

Styloid 
process 

Stylomandibular 
ligament 

(a) 

Zygomatlc arch 

Tympanic plate 

Parotid gland 

Retromandibular 
vein and facial nerve 

Parotid fascia 
(superficial lamina 
of investing layer) 

External carotid 
artery piercing 
stylomand1bular 
ligament 

Mylohyoid line- --

Deep lamina--"\ 
of fascia )l 

l" 
Submandibular 0 

gland / 
q ~!:00o]0 .,..,..,. 

of hyoid , 

Superficial lam,!a of fascia (b) 

~ - +-- Mandibular canal 
with inferior 
alveolar nerve 
and vessels 

Submandibular 
fossa 

Base of 
mandible 

Figs 3.4a and b: Investing layer enclosing: (a) parotid gland, and (b) submandibular gland 

The fascia splits to enclose the suprasternal and 
supraclavicular spaces (Fig. 3.5), both of w hich are 
described as follows. 

Posteriorly 
a. Ligamentum nuchae; and 
b. Spine of seventh cervical vertebra. 



Investing layer of 
deep cervical fascia 

Sternal head of 7 sternocleidomastoid 
muscle 

a::lt-:;- =-7""--:"r.r-- Lymph 
Jugular - ----\M,...;i..,.31111~~::::;..- node 
venous 

arch ~ ---=-=- -H-- lnterclavicular 
ligament 

----r- -- Manubrium 
sterni 

Fig. 3.5: Contents of suprasternal space 

Anteriorly 
a. Symphysis mentj. 
b. Hyoid bone. 

Both above and below the hyoid bone, it is 
continuous with the fascia of the opposite side. 

Other Features 
1 The investing layer of deep cervical fascia splits to 

enclose: 
a. Muscles: Trapezius and sternocleidomastoid 

(Fig. 3.3). 
b. Salivary glands: Parotid and submandibular 

(Fig. 3.4). 
c. Spaces: Suprasternal and supraclavicular. 
The suprasternal space or space of Burns contains: 
• The sternal heads of the right and left sterno-

cleidomastoid muscles (Fig. 3.5), 

Lesser occipital nerve - ------J~~II-'~\' 

SIDE OF THE NECK 

• The jugular venous arch, 
• A lymph node, and 
• The interclavicular ligament. 

The supraclavicular space is traversed by: 
• The external jugular vein (Fig. 3.6), 
• The supraclavicular nerves, and 
• Cutaneous vessels, including lymphatics. 

2 It a lso forms pulle1JS to bind the tendons of the 
digastric and omohyoid muscles (Fig. 3.lb). 

3 Forms roof of anterior and posterior triangles. 
4 Forms stylomandibular ligament (Fig. 3.4b) and 

parotidomasseteric fascia. 

CLINICAL ANATOMY 

• Parotid swellings are very painful due to the 
unyielding nature of parotid fascia. 

• While excising the submandibular salivary gland, 
the external carotid artery should be secured 
before dividing it, otherwise it may retract through 
the stylomandibular ligament and cause serious 
bleeding (Fig. 3.4). The figu re also shows the 
superior attachment of investing layer of deep 
cervical fascia. 

• Division of the external jugular vein in the supra-
clavicular space may cause air embolism and 
consequent death because the cut ends of the 
vein are prevented from retraction and closure 
by the fascia, attached firmly to the vein (Fig. 3.6 
and inset). 

Great auricular 
nerve 

'!M~~h~----;>--External jugular 

Spinal root of-----,._,.t-s 
accessory nerve 

Transverse cervical vein 

vein 

~ iP~~=H------ Transverse 
cutaneous 
nerve 

-T""--=-,.----- Supraclavicular 

Suprascapular vein _ -~~~~~~!~2:j~~~~i~-~:Jl...:D~K~~ 
Vein piercing the fascia ---- --Anterior jugular vein 

to join the subclavian vein 

nerves Wall of external 
jugular vein fused 
to cervical fascia 

Fig. 3.6: Structures seen in relation to the fascia! roof of the posterior triangle and structures seen in supraclavicular 
space 
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PRETRACHEAL FASCIA 

The importance of this fascia is that it encloses and suspends 
the thyroid gland and forms its false capsule (Fig. 3.2). 

Attachments 
Superiorly 
1 Hyoid bone in the median plane. 
2 Oblique line of thyroid ca rtilage laterally. 
3 Cricoid cartilage-more laterally. 
Inferiorly 
Below the thyroid gland, it encloses the inferior thyroid 
veins, passes behind the brachiocephalic veins, and 
finally blends w ith the arch of the aorta and fibrous 
pericardium. 
On Either Side 
It forms the front of the carotid sheath, and fuses with 
the fascia deep to the stem ocleidomastoid (Fig. 3.3). 

Other Features 
1 The pos terior layer of the thyroid capsule is thick. 

On either side, it forms a suspensory ligament for the 
thyroid gland known as ligament of Berry (see Fig. 8.4). 
The ligaments are attached chiefly to the cricoid carti-
lage, and may extend to the thyroid cartilage. They 
support the thyroid gland, and do not let it sink into 
the mediastinum. The capsule of the thyroid is very 
weak along the posterior borders of the lateral lobes. 

2 The fascia prov ides a slippery surface for free 
movements of the trachea during swallowing. 

CLINICAL ANATOMY 

• eek infections in front of the pretracheal fascia 
may bulge in the suprasternaJ area or extend down 
into the anterior mediastinum. 

• The thyroid gland and all thyroid swellings move 
with deglutition because the thyroid is attached 
to cartilages of the larynx by the suspensory 
ligaments of Berry. 

PREVERTEBRAL FASCIA 
It lies in front of the prevertebral muscles, and forms 
the floor of the posterior triangle of the neck (Fig. 3.2). 
Attachments and Relations 
Superiorly 
It is attached to the base of the skull (Fig. 3.2). 

Inferiorly 
It extends into the superior mediastinum where it splits 
into anterior and posterior layers. Anterior layer/ alar 
fascia blends w ith buccopharyngeal fascia and posterior 

layer is attached to the anterior longitudinal ligament 
and to the body of the fourth thoracic vertebra. 

Anteriorly 
It is separated from the pharynx and buccopharyngeal 
fascia by the iretropharyngeal space containing loose 
areolar tissue. 1n the lower part of neck, prevertebraJ 
and buccopharyngeal fasciae fuse (Fig. 3.3 and see 
Fig. 8.4). Lymph nodes lie in the retropharyngeal space. 
Laterally 
It lies deep to the trapezius and is attached to fascia of 
stem ocleidomastoid muscle. 
Other Feature•s 
1 The cervical and brachia! plexuses lie behind the 

prevertebra.l fascia. The fascia is pierced by the four 
cutaneous branches of the cervical plexus (Fig. 3.6). 

2 As the trunks of the brachia! plexus and the sub-
clavian artiery pass laterally through the interval 
between the scalenus anterior and the scalenus 
medius, they carry with them a covering of the 
prevertebra 1 fascia known as the a xi/Ian; sheath w hich 
extends into the axilla. The subclavian and axillary 
veins lie outside the sheath and as a result they can 
dilate during increased venous return from the limb. 

3 Fascia provides a fixed base for the movements of 
the pharynx, the oesophagus and the carotid sheaths 
during movements of the neck and during swallowing. 

CLINICAL ANATOMY 

• Neck infections behind the prevertebral fascia 
arise usually from tuberculosis of the cervical 
vertebrae or cervical caries. Pus produced as a 
result may extend in various directions. It may 
pass forwards forming a chronic retropharyngeal 
abscess wlhich may form a bulging in the posterior 
wall of the pharynx, in the median plane (Fig. 3.7). 
The pus may extend laterally through the axillary 
sheath and point in the posterior h·iangle, or in 
the lateral wall of the axilla. It may extend 
downwards into the superior mediastinum, where 
its descent is limited by fusion of the prevertebral 
fascia to the fourth thoracic vertebra. 

• eek infe,ctions in front of the prevertebral fascia 
in the retiropharyngeal space usually arise from 
suppuration, i.e. formation of pus i.n the retro-
pharynge,al lymph nodes. The pus forms an acute 
retropharyn geal abscess which bulges forwards 
in the paramedian position due to fusion of the 
buccopha ryngeal fascia to the prevertebral fascia 
in the median plane. The infection may extend 
down through the superior mediastinum into the 
posterior mediastinum (see Fig. 8.4). 



Abscess in lateral 
wall of axilla 

Chronic retropharyngeal 
abscess 
5th cervical ventral ramus 
Abscess in posterior triangle 
Upper trunk of brachia! plexus 

Fig. 3.7: Axillary sheath extent of tuberculosis of ceNical vertebrae 

CAROTID SHEATH 
It is a condensation of the fibroareolar tissue around 
the main vessels of the neck. 
Formation: It is formed on anterior aspect by pre-
tracheal fascia and on posterior aspect by prevertebral 
fascia. 
Contents: The contents are the common or internal 
carotid arteries, internal jugular vein and the vagus 
nerve. It is thin over the vein (Figs 3.8a and b). ln the 
upper part of sheath there are lX, XI, XII nerves also. 
These nerves pierce the sheet at different points. 
Relations: 
1 The ansa cervicalis lies embedded in the anterior wall 

of the carotid sheath (Figs 3.8a and b). 

External carotid 

,0 
'o 

Anterior 

-+--Common carotid - ---. 
artery -++1------Internal jugular--~ , 
vein 

Ansa 
cervicalis 

'-'-"''-"-+---Vagus nerve -------'~C--#',-

Sympathetic trunk - - ----
(a) Posterior 

Figs 3.8a and b: Right carotid sheath with its contents: (a) Surface 
view, and {b) sectional view 
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2 The cervical sympathetic chain lies behind the sheath, 
plastered to the prevertebral fascia. 

3 The sheath is overlapped by the anterior border of 
the stem ocleidomastoid, and is fused to the layers 
of the deep cervical fascia. 

BUCCOPHARYNGEAL FASCIA 
This fascia covers the superior constrictor muscle 
externally and extends on to the superficial aspect of 
the buccinator muscle (see Fig. 14.14). 

PHARYNGOBASILAR FASCIA 
This fascia is especially thickened between the upper 
border of superior constrictor muscle and the base of the 
skull. It lies deep to the pharyngeal muscles (see Figs 14.14 
and 14.21). 

PHARYNGEAL SPACES 

RETROPHARYNGEAL SPACE 
Situation: 
Function: 

Boundaries: 

Superior: 
Inferior: 

Contents: 

Clinical 
anatomy: 

Dead space behind pharynx. 
Acts as a bursa for expansion of 
pharynx during deglutition 
Anterior: Buccopharyngeal fascia 
Posterior: Prevertebral fascia 
Sides: Carotid sheath (Fig. 3.3) 
Base of sku ll 
Open and continuous with superior 
mediastinum. 
Retropharyngeal lymph nodes, 
pharyngeal plexus of vessels and 
nerves, loose areolar tissue. 
Pus collection due to lymph node 
abscess. It should be differentiated 
from cold abscess of spine of cervical 
vertebrae (see Fig. 8.4). 

LATERAL PHARYNGEAL SPACE 
Situation: Side of pharynx 
Boundaries: Medial: Pharynx 

Posterolateral: Parotid g land 
Anterolateral: Medial pterygoid 
Posterior: Carotid sheath 

Contents: Maxillary nerve and branch es of 
maxillary artery 
Fibrofatty tissue 

Clinical Pus collection/ Ludwig' s angina. 
anatomy: 

STERNOCLEIDOMASTOID MUSCLE 
(STERNOMASTOID) 

The sternocleidomastoid and trapezius are large super-
ficial muscles of the neck. Both of them are supplied by 
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the spinal root of the accessory nerve. The trapezius, 
because of its main action on the shoulder girdle, is 
conside red with the upper limb (see Volume 1, 
Section 1). The sternocleidomastoid is described below. 

Origin 
1 The sternal head is tendinous and arises from the 

superolateral part of the front of the manubrium 
sterni (Fig. 3.lb). 

2 The clavicular head is musculotendinous and arises 
from the medial one-third of the superior surface of 
the clavicle. It passes deep to the sternal head, and 
the two heads blend below the middle of the neck. 
Between the two heads, there is a small triangular 
depression of the lesser supraclavicular fossa, 
overlying the internal jugular vein. 

Insertion 
It is inserted: 
1 By a thick tendon into the lateral surface of mastoid 

process, from its tip to superior border. 
2 By a thin aponeurosis into the la teral half of the 

superior nuchal line of the occipital bone. 

Nerve Supply 
1 The spinal accessory nerve provides the motor 

supply. It passes through the muscle. 
2 Branches from the ventral rarni of C2 and C3 are pro-

prioceptive (Fig. 3.9). 

Blood Supply 
Arterial supply-one b ranch each from superior 
thy roid artery and suprascapular artery and, two 
branches from the occipital artery supply the big 
muscle. Veins follow the arteries. 

Actions 
1 When one muscle contracts: 

a. It turns the chin to the opposite side. 
b. It can also tilt the head towards the shoulder of 

same side. 
2 When both muscles contract together: 

a. They draw the head forwards, as in eating and in 
lifting the head from a pillow. 

b. With the longus colli, they flex the neck against 
resistance. 

c. It also helps in forced inspiration. 

Relations 
The sternocleidomastoid is enclosed in the investing 
layer of deep cervical fascia, and is pierced by the 
accessory nerve and by the four sternocleidomastoid 
arteries. It has the following relations: 

Superficial 
1 Skin 
2 a. Superficial fascia. 

b. Superficial lamina of the deep cervical fascia 
(Fig. 3.3). 

3 Platysma. 
4 External jugular vein, and superficial cervical lymph 

nodes lying along the vein (Fig. 3.6). 
5 a. Great auricular. 

b. Transverse or anterior cutaneous. 
c. Medial supraclavicular nerves (Fig. 3.6). 
d. Lesser occipital nerve 

6 The parotid gland overlaps the muscle. 

Deep 
1 Bones and joints: 

a. Mastoid process above 
b. Sternoclavicular joint below. 

2 Carotid sheath (Fig. 3.8). 
3 Muscles: 

a. Stern oh yoid 
b. Sternothyroid 
c. Omohyoid 
d. Three scaleni 
e. Levator scapulae (Fig. 3.9, inset 1) 
f. Splenius capitis 
g. Longissimus capitis 
h . Posterior belly of digastric. 

4 Arteries: 
a. Common carotid 
b. Internal carotid 
c. External carotid 
d . Sternocleidomas to id arteries, two from the 

occipital artery, one from the superior thyroid, one 
from the _suprascapular 

e. Occipital 
f. Subclavian 
g. Suprascapular 
h. Transverse cervical (Fig. 3.9). 

5 Veins: 
a. Internal jugular 
b. Anterior jugular 
c. Facial 
d. Lingual 

6 erves: 
a. Vagus 
b. Parts of IX, XI, XIT 
c. Cervical plexus 
d. Upper part of brachia! plexus (Fig. 3.9, inset 1) 
e. Phrenic (Fig. 3.9) 
f. Ansa cervicalis 

7 Lymph nodes, superficial and deep cervical (see 
figs 8.28 and 8.29). 



CLINICAL ANATOMY 

• Figure 3.5 shows inferior attachment of investing 
layer of deep cervical fascia. Fascia of supra-
clavicular space is pierced by external jugular vein 
to drain into subclavian vein (Fig. 3.6). 

• Torticollis is a deformity in which the head is bent 
to one side and the chin points to the other side. 
This is a result of spasm or contracture of the 
muscles supplied by the spinal accessory nerve, 
these being the stemocleidomastoid and trapezius. 
Although there are many varieties of torticollis 
depending on the causes, the common types are: 
a. Rheumatic torticollis due to exposure to cold 

or draught. 
b. Reflex torticollis due to inflamed or suppura-

ting cervical lymph nodes which irritate the 
spinal accessory nerve. 

c. Congenital torticollis due to birth injury. 
Wry neck: Shortening of the muscle fibres due to 
intravascular clotting of veins within the muscle. It 
usually occurs during difficult delivery of the baby. 

POSTERIOR TRIANGLE 

DISSECTION 
Try to dissect and clean the cutaneous nerves (Fig. 3.6) 
which pierce the investing layer of fascia at the middle 
of posterior border of sternocleidomastoid muscle. 

Inset 1 
•--- - --;-- Splenius capitis - 'r-lal~-

f~ '""'-'r--+-- Levator scapulae 

U&rl-¼-~ - Trunks of brachia! 

Subclavian 
vein 

plexus and 
subclavian artery 

Trapezius 
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Demarcate the course of external jugular vein. Cut 
carefully the deep fascia of posterior border of sterno-
cleidomastoid muscle and reflect it towards trapezius 
muscle. Identify the accessory nerve lying just deep to 
the investing layer seen at the middle of the posterior 
border of sternocleidomastoid muscle and across the 
posterior triangle to reach the anterior border of 
trapezius which it supplies (Fig. 3.9). 

Define the boundaries, roof, floor, d ivisions and 
contents of the posterior triangle (Fig. 3.1 b). 

Identify and clean the inferior belly of omohyoid. Find 
the transverse cervical artery along the upper border 
of this muscle. Trace it both ways. Deep to this muscle 
is the upper or supraclavicular part of brachia! plexus. 
Identify the roots, trunks and their branches carefully. 
The branches are suprascapular nerve, dorsal scapular 
nerve, long thoracic nerve, nerve to subclavius 
(Fig. 3.1 O). Medial to the brachia! plexus locate the third 
part of subclavian artery (refer to BOC App). 

Follow the terminal part of external jugular vein 
through the deep fascia into the deeply placed 
subclavian vein (Fig. 3.6). Identify suprascapular artery 
running just above the clavicle (Fig. 3.9). 

Define the attachments and relations of sternocleido-
mastoid muscle. To expose scalenus anterior muscle, 
cut across the clavicular head of sternocleidomastoid 
muscle and push it medially. Scalenus anterior muscle 
covered by well-defined prevertebral fascia can be 
identified. Clean the subclavian artery and upper part 
of brachia! plexus deep to the scalenus anterior muscle. 

Cut ends of inferior belly 
of omohyoid HH/Ht::i::~ -- Trunks of brachia! plexus 

on scalenus medius 
Inset 2 

,...__ _ ___ _ Suprascapular artery 

Fig. 3.9: The posterior triangle of neck and its contents 
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Features 
The posterior triangle is a space on the side of the neck 
situated behind the stemocleidomastoid muscle. 

Boundaries 
Anterior 
Posterior border of sternocleidomastoid (Fig. 3.lb). 

Posterior 
Anterior border of trapezius. 

Inferior or base 
Middle one-third of clavicle. 

Apex 
Lies on the superior nuchal line where the trapezius 
and stemocleidomastoid meet. 

Roof 
The roof is formed by the investing layer of deep cervical 
fascia. The superficial fascia over the posterior triangle 
contains: 
1 The platysma. 
2 The external jugular and posterior external jugular 

veins. 
3 Parts of the supraclavicular, great auricular, 

transverse cutaneous and lesser occipital nerves 
(Fig. 3.6). 

4 Unnamed arteries derived from the occipita l, 
transverse cervical and suprascapular arteries. 

5 Lymph vessels which pierce the deep fascia to end 
in the supraclavicular nodes. 
The external jugular vein: It lies deep to the platysma 

(Fig. 3.6). It is formed by union of the posterior auricular 
vein with the posterior division of the retromandibular 
vein. It begins w ithin the lower part of the parotid 
gland, crosses the s temocleidomas toid obliquely, 
pierces the a nteroi nferior angle of the roof of the 
posterior triangle, and opens into the subclavian vein 
(see Fig. 2.6). 

Its tributaries are: 
a. The posterior external jugular vein. 
b. The transverse cervical vein. 
c. The suprascapular vein. 
d . The anterior jugular vein. 
The oblique jugular vein connects the external 

jugular vein with the internal jugular vein across the 
middle one-third of the anterior border of the 
sternocleidomastoid. 

CLINICAL ANATOMY 

• The right external jugular vein is examined to assess 
the venous pressure; the right atrial pressure is 
reflected in it because there are no valves in the 
entire course of this vein and it is straight. 

• As external jugular vein pierces the fascia, the 
margins of the vein get adherent to the fascia. So 
if the vein gets cut, it cannot close and air is sucked 
in due to negative intrathoracic pressure. That 
causes air embolism. To prevent this, the deep 
fascia has to be cut. 

Floor 
The floor of the posterior triangle is formed by the 
prevertebral layer of deep cervical fascia, covering the 
following muscles: 
1 Splenius capitis. 
2 Levator scapulae. 
3 Scalenus medius (Fig. 3.9). 
4 Semispinalis capitis may also form part of the floor. 

Division of the Posterior Triangle 
It is subdivided by the inferior belly of omohyoid into: 
1 A larger upper part, called the occipital triangle. 
2 A smaller lower part, called the supraclavicular or the 

subclavian triangle (Fig. 3. lb). 

Contents of the Posterior Triangle 
These are enumerated in Table 3.1. Some of the contents 
are considered below. 

Relevant Features of the Contents of Posterior Triangle 
1 The spinal accessory nerve emerges a little above the 

middle of the posterior border of the sterno-
cleidomastoid. It runs through a tunnel in the fascia 
forming the roof of the triangle, passing downwards 
and laterally, and disappears under the anterior 
border of the trapezius about 5 cm above the clavicle 
(Figs 3.6 and 3.9). It is the only structure beneath 
the roof of triangle. 

2 The four cutaneous branches of the cervical plexus 
pierce the fascia covering the floor of the triangle, 
pass through the triangle and pierce the deep fascia 
at different points to become cu taneous (Fig. 3.6). 
a. Transverse cutaneous nerve: Arises from ventral 

ram i of C2 and C3 nerves runs transversely across 
the sternocleidomastoid to supply skin of neck, 
till the sternum. 

b. Supraclavicular nerves: Formed from ven tral ram.i 
of C3 and C4 nerves. Emerges at posterior border 
of stemocleidomastoid. It descends downwards 
and diverges into three branches. Medial one 
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Table 3.1: Contents of the posterior triangle 
Contents 
A. Nerves 

Occipital triangle 
1. Spinal accessory nerve (Fig. 3.9, inset 2) 

Subclavian triangle 
1. Roots and trunks of brachia! plexus 

2. Four cutaneous branches of cervical plexus (Fig. 3.6): 2. Nerve to serratus anterior (long thoracic, C5-C7) 
a. Lesser occipital (C2) 3. Nerve to subclavius (C5, C6) 
b. Great auricular (C2, C3) 4. Suprascapular nerve (C5, C6) 
c. Anterior cutaneous nerve of neck (C2, C3) 
d. Supraclavicular nerves (C3, C4) 

3. Muscular branches: 
a. Two small branches to the levator scapulae 

(C3, C4) 
b. Two small branches to the trapezius (C3, C4) 
c. Nerve to rhomboids (proprioceptive) (C5) 

B. Vessels 1. Transverse cervical artery and vein 
2. Occipital artery 

1. Third part of subclavian artery and subclavian vein 
2. Suprascapular artery and vein 
3. Commencement of transverse cervical artery and 

termination of the corresponding vein 
4. Lower part of external jugular vein 

C. Lymph nodes Along the posterior border of the sternocleidomastoid, A few members of the supraclavicular chain 
more in the lower part-the supraclavicular nodes 
and a few at the upper angle-the occipital nodes 

supplies the skin over the manubrium till 
manubriostemal joint. lntermed iate nerve crosses 
the clavicle to supply skin of first intercostal space 
till the second rib. Lateral nerve runs across the 
lateral side of clavicle and acromion to supply 
skjn over the upper half of the deltoid muscle. 

c. Great auricular nerve: lt is the largest ascending 
branch of cervical plexus. Arises from ventral 
rami of C2 a nd C3 nerves. Ascends on the 
sternocleidomastoid muscle to reach parotid 
g land, where it di v ides into anterior and 
posterior branches. Anterior branch supplies 
lower one-th ird of skin on lateral surface of pinna 
and skin over the parotid gland and connects the 
gland to the auriculotemporal nerve. Th.is cross-
connection is the anatomical basis for Frey's 
syndrome. Posterior branch supplies lower one-
third of skin on medial surface of the pinna. 

d. Lesser occipital: Arises from ventral ramus of C2 
segment of spinal cord. Seen at the posterior 
border of stemocleidomastoid muscle. It then 
w inds around and ascends along its posterior 
border to supply skin of upper two-thirds of 
medial surface of pinna adjoining part of the scalp. 

3 Muscular branches to the levator scapulae and to the 
trapezius (C3, C4) appear about the middle of the 
stemocleidomastoid. Those to the levator scapulae 
soon end in it; those to the trapezius run below and 
parallel to the accessory nerve across the middle of 
the triangle. Both nerves lie deep to the fascia of the 
floor. 

4 Three trunks of the brachia[ plexus emerge between 
the scalenus anterior and medius, and carry the axil-

lary sheath around them. The sheath contains the 
brachia! plexus and the subclavian artery. These 
structures lie deep to the floor of posterior triangle. If 
prevertebral fascia is left intact, all these structures are 
safe (Fig. 3.9). 

5 The nerve to the rhomboid is from CS root, pierces the 
scalenus medius and passes deep to the levator 
scapulae to reach the back wh ere it lies deep or 
anterior to the rhomboid muscles (Fig. 3.10). 

6 The nerve to the serratus anterior (C5-C7) arises by 
three roots. The roots from CS and C6 pierce the 
scalenus medius and jojn the root from C7 over the 
first digitation of the serratus anterior. The nerve 
passes behind the bracrual plexus. It descends over 
the serratus anterior in the medial wall of the axilla 
and gives branches to the digitations of the muscle 
(Fig. 3.10). 

7 The nerve to the s11bclavi11s (CS, C6) descends in front 
of the brachia I plexus and the subclavian vessels, but 
behind the omohyoid, the transverse cervical and 
suprascapular vessels and the clavicle to reach the 
deep surface of the subclavius muscle. As it runs near 
the lateral margin of the scalenus anterior, it sometimes 
gives off the accessory phrenic nerve which joins the 
phrenic nerve in front of the scalenus anterior. 

8 The supmscnpulnr nerve (CS, C6) arises from the 
upper trunk of the bracl1ial plexus and crosses the 
lower part of the posterior triangle jus t above and 
lateral to the bracrual plexus, deep to the transverse 
cervical vessels and the omoh yoid. It passes 
backwards over the shoulder to reach the scapula. 
lt supplies the supraspinatus and infraspinatus 
muscles (Fig. 3.10). 
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Roots 
C5 

Nerve to subclavius ----7"':rr-

Cords 

Lateral pectoral nerve-----::,,-"'!'. 

Divisions 

ca 

T1 

Branches 

Musculocutaneous nerve __ __, 

Vt-- - - - - Upper subscapular nerve 
1'1---'~ - - -+--- Nerve to latissimus dorsi 

u--1-+----+---.- - Lower subscapular nerve 

Lateral root and medial---++-~ 
root of median nerve 

Medial pectoral nerve 

H--- - Medial cutaneous nerve of arm 

- ~--Medial cutaneous nerve of forearm 

Fig. 3.10: Brachia I plexus 

9 The subc/avian arten; passes behind the tendon of the 
scaJenus anterior, over the first rib (Fig. 3.9, inset 1). 

10 The transverse cervical artery is a branch of the 
thyrocervical trunk. It crosses the scalenus anterior, 
the phrenic nerve, the upper trunks of the brachia1 
plexus, the nerve to the subclavius, the supras-
capular nerve, and the sca lenus medius. At the 
anterior border of the levator scapulae, it divides 
into superficiaJ and deep branches. The inferior belly 
of the omohyoid crosses the artery. 

11 The suprascapular artery is also a branch of the 
thyrocervical trunk. It passes laterally and back-
wards behind the clavicle. 

12 The occipital artery crosses the apex of the posterior 
triangle superficial to the splenius capitis. 

13 The subclavian vein passes in front of the tendon of 
scalenus anterior muscle. 

CLINICAL ANATOMY 

• The most common swelling in the posterior triangle 
is due to enlargement of the supraclavicular lymph 
nodes. While doing biopsy of the lymph node, one 
must be careful in preserving the accessory nerve 

which may get entangled amongst enlarged 
lymph nodes (Fig. 3.9). 

• Supraclavicular lymph nodes a re commonly 
enlarged in tuberculosis, Hodgkin's disease, and 
in malignant growths of the breast, arm or chest. 

• Block dissection of the neck for malignant diseases 
is the removal of cervical lymph nodes along with 
other structures involved in the growth. This 
procedure does not endanger those nerves of the 
posterior triangle which lie deep to the 
prevertebral fascia, i.e. the brachia) and cervical 
plexuses and their muscular branches. 

• A cervicaJ rib may compress the second part of sub-
clavian artery. In these cases, blood supply to upper 
limb reaches via anastomoses around the scapula. 

• Dysphagia ca used by compression of the oesophagus 
by an abnormal subclavian artery is called 
dysphagia lusoria. 

• Elective arterial surgery of the common carotid 
artery is done for aneurysms, AV fistulae or 
arteriosclerotic occlusions. It is better to expose 
the common carotid artery in its upper part where 
it is superficial. While ligating the artery, care 
should be taken not to include the vagus nerve or 
the sympathetic chain. 



• Second part of the subclavian artery may get 
pressed by the scalenus anterior muscle, resulting 
in decreased blood supply to the upper limb. If 
the muscle is divided, the effects are abolished 
(Fig. 3.11). 

Narrowed - - r-- •ad. 
subclavian 

artery 

Fig. 3.11 : Second part of subclavian artery narrowed by the 
short scalenus anterior 

Mnemonics 
Cervical plexus: Arrangement of the important 
nerves 

Great auricular 
Lesser occipital 
Accessory nerve pops out between L and S 
Supra cl a vicular 
Transverse cervical 
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Investing layer of d eep cerv ical fascia encloses 
2 muscles, 2 salivary glands; forms 2 pulleys; encloses 
2 spaces and forms roof of posterior triangle. 

• Prevertebral fascia forms the axillary sheath. 
• Pretracheal fascia suspends the thyroid gland. 
• Cold abscess of caries spine can track down to the 

posterior triangle or axilla. 
• Occipital part of posterior triangle contains the 

spinal root of accessory nerve as the most 
important constituent. 

• Supraclavicular part of posterior triangle contains 
roots, trunks, branches ofbrachial plexus and third 
part of subclavian artery. 

• Stemocleidomastoid divides the side of neck into 
anterior and posterior triangles. 

CLINICOANATOMICAL PROBLEM 

A middle-aged woman had a deep cut in the 
middle of her right posterior triangle of neck. The 
bleeding w as arrested and wound was sutured. 
The patient later felt difficu lty in combing her 
hair. 
• What blood vessel is severed? 
• Why did the patient have difficulty in combing 

her hair? 

Ans: The external jugular vein was severed. It passes 
across the sternocleidomastoid muscle to join the 
subclavian vein above the clavicle. Her accessory 
nerve is also injured as it crosses the posterior triangle 
close to its roof, causing paralysis of trapezius 
muscle. The trapezius with serratus anterior causes 
overhead abduction required for combing the hair. 
Due to paralysis of trapezius, she felt difficulty in 
combing her hair. 

FREQUENTLY ASKED QUESTIONS 

1. Describe the cervica l fascia under following 
head ings: 

a. A ttachm ents and s tructures enclosed by 
investing layer of cervical fascia 

b. Clinical importance of pretracheal fascia 
c. Contents of carotid sheath 

2. Enumerate the boundaries and contents of posterior 
triangle of neck. How is external jugular vein 
formed and what is its clinical importance? 

3. Write short notes/ enumerate: 
a. Sternocleidomastoid muscle 
b. Con ten ts of suprastemal space 
c. Suspensary ligament of Berry 
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MULTIPLE CHOICE QUESTIONS 

1. All of the following structures are seen in the 
posterior triangle of neck except: 
a. Spinal accessory nerve 
b. Transverse cervical artery 
c. Middle trunk of brachia! plexus 
d. Superior belly of ornohyoid 

2. Spinal root of accessory nerve innervates: 
a. Serratus anterior 
b. Stylohyoid 
c. Styloglossus 
d. Sternocleidomastoid 

3. Suprasternal space contains all except one of the 
following structures: 
a. Sternal heads of right and left stemocleido-

mastoid muscles 
b. Jugular venous arch 
c. Interclavicular ligament 
d . Sternohyoid muscles 

4. All the following nerves are present in the posterior 
triangle except: 
a. Spinal accessory 
b. Lesser occipital 
c. Greater occipital 
d. Great auricular 

5. Investing layer of cervical fascia encloses all except: 
a. Two muscles 
b. Two salivary glands 
c. Axillary vessels 
d . Two spaces 

6. Ligament of Berry is formed by: 
a. Investing layer of cervical fascia 
b. Pretracheal layer 
c. Prevertebral layer 
d. Buccopharyngeal fascia 

ANSWERS 
1.d 2. d 3.d 4.c 5. c 6. b 



CHAPTER 

4 
Anterior Triangle of the Neck 

INTRODUCTION 

The anterior triangle of the neck lies between midline 
of the neck and sternocleidomastoid muscle. It is 
subdivided into smaller triangles. 

SURFACE LANDMARKS 
1 The mandible forms the lower jaw (Fig. 4.1). The lower 

border of its horseshoe-shaped body is known as the 
base of the mandible. Anteriorly, this base forms the 
chin, and posteriorly it can be traced to the angle of 
the mandible. 

Mastoid process _ _ __... 

Transverse process of atlas _ _ __... 

Transverse 
processes 

Trapezius - - ---

I 1u- j,frl,nr ,:, 1rr ,II,, 111<: u //,n11 /1,r>H.>nnrl rr r ul.> 

-Anonymous 

2 The body of the U-shaped hyoid bone can be felt in 
the median plane just below and behind the chin, at 
the junction of the neck with the floor of the mouth. 
On each side, the body of hyoid bone is continuous 
posteriorly with the greater cornua which is over-
lapped in its posterior part by the stemodeidomastoid 
muscle. 

3 The thyroid cartilage of the larynx forms a sharp 
protuberance in the median plane just below the 
hyoid bone. This protuberance is called the laryngeal 
prominence or Adam's apple. It is more prominent in 
males. 

'-----Floor of mouth 

'-------Hyoid bone 
..,__ _ ____ Thyroid cartilage 

'---- ---Cricoid cartilage 

'------ ---Cricotracheal 
membrane and trachea 

Fig. 4.1: Surface landmarks of neck 

93 



HEAD AND NECK 

4 The rounded arch of the cricoid cartilage lies below 
the thyroid cartilage a t the upper end of the trachea. 

5 The trachea runs downwards and backwards from 
the cricoid cartilage. It is identified by its carti-
laginous rings. However, it is partially masked by 
the isthmus of the thyroid gland w hich lies against 
second to fourth tracheal rings. The trachea is 
commonly palpated in the suprasternal notch which 
lies between the tendinous heads of origin of the right 
and left sternocleidomastoid muscles. In certain 
diseases, the trachea may shift to one side from the 
median plane. This indicates a shift in the medi-
astinum. 

STRUCTURES IN THE ANTERIOR 
MEDIAN REGION OF THE NECK 

DISSECTION 
The skin over the anterior triangle has already been 
reflected following dissection in Chapter 3. Platysma is 
also reflected upwards. Identify the structures present 
in the superficial fascia and structures present in the 
anterior median region of neck. 

Features 
This region includes a strip 2 to 3 cm wide extending 
from the chin to the sternum. The structures encountered 
are listed below from superficial to deep. 

Skin 
It is freely movable over the deeper structures due to 
the looseness of the superficial fascia. 

Superficial Fascia 
It contains: 
1 The upper decussating fibres of the platysma for 1 to 

2 cm below the chin. 
2 The anterior jugular veins beginning in the submental 

region below the chin. It descends in the superficial 
fascia about 1 cm from the median plane. About 
2.5 cm above the sternum, it pierces the investing 
layer of deep fascia to enter the suprastemal space 
where it is connected to its fellow of the opposite 
side by a transverse channel, the jugular venous arch 
(Fig. 4.2). The vein then turns la terally, runs deep to 
the sternocleidomastoid just above the clavicle, and 
ends in the external jugular vein at the posterior border 
of the s ternocleidomastoid. 

3 A few small submental lymph nodes lying on the deep 
fascia below the chin (Fig. 4.3). 

4 The terminal filaments of the transverse or anterior 
cutaneous nerve of the neck may be present in it. 

- -1-,~ '1.1-- Base of mandible 
pushed up 

Platysma 

Jugular venous arch 
Clavicle 

Fig. 4.2: Anterior triangles of the neck showing the platysma 
and the anterior jugular veins in the superficial fascia 

Deep Fascia 
Above the hyoid bone the investing layer of deep fascia 
is a s ingle layer in the median plane, but splits on 
each side to enclose the submandibular salivary gland 
(see Fig. 7.6). 

Between the hyoid bone and the cricoid cartilage, it 
is a single layer extending between the right and left 
sternocleidomastoid muscles. 

Below the cricoid, the fascia splits to enclose the 
s uprasternal space (see Fig. 3.5). 

Deep Structures Lying above the Hyoid Bone 
The mylohyoid muscle is overlapped by: 

a. Anterior belly of digastric above the hyoid bone. 
b. Superficial part of the submandibular salivan; gland 

(Figs 4.3 and 4.4). 
c. Mylohyoid nerve and vessels. 
d. Submental branch of the facial artery. 
The anteroinferior part of the hyoglossus muscle w ith 

its superficial relations may also be exposed during 
dissection. Structures lying in this corner are: 

a. The intermediate tendon of the digastric muscle 
with its fibrous pulley (Fig. 4.3). 

b. The bifurca ted tendon of the stylohyoid muscle 
embracing the digastric tendon. 

The subhyoid bursa lies between the posterior surface 
of the body of the hyoid bone and the thyrohyoid 
membrane. It lessens friction between these two 
s tructures during the movements of swallowing 
(Fig. 4.5). 

Structures Lying Below the Hyold Bone 
These s tructures may be grouped into three planes: 
(1) Superficial plane containing the infrahyoid muscles, 
(2) a middle plane consisting of the pretracheal fascia 



Nerve to mylohyoid--- -~ 
Facial artery--- ----.. 

Submental artery --- ~ 

Superficial part of--- - •~ 
submandlbular gland 

with lymph nodes 
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- --- - Anterior belly of digastric 

.O~ :---- --Mylohyoid 

~¼- - Submental triangle with 
anterior jugular vein 

Posterior belly of digastric 

1.J 

Fig. 4.3: Suprahyoid region, contents of submental and digastric triangles also shown 

Hyoglossus - - --~ 

Mylohyoid nerve and artery -----..,---=~~.,.,_..,. 

Submandibular gland---__,...,.___,...,.,...,.lll,,; 
.._ ........ ,c,,i ...... 

Geniohyoid-- - ----

Deep fascia--- ----

l"'11t--+--+11-l''r--½''<----Styloglossus 

H-____..,c-7,_.....- ~ -;---Lingual nerve 

.,..._-h~::---;/-- --Hypoglossal nerve 
b'tilJ-:~"-;;~~;y-----Genioglossus 

•~~i,p:::--r-- - - Mylohyoid 

Anterior belly of digastric 

Fig. 4.4: Coronal section through the floor of the mouth 

Track of--- -~ 
thyroglossal 

duct 

, e----- Foramen caecum 
,,,,' on tongue ,, 

----- - Thyrohyoid membrane 

,...... ____ Thyroid cartilage 

Fig. 4.5: Sagittal section through the hyoid region of the neck 
showing the subhyoid bursa and its relations 

and the thyroid gland, and (3) a deep plane containing 
the larynx, trachea and structures associated with them. 
1 lnfrahyoid muscles 

a. Stemohyoid 
b. Sternothyroid 
c. Thyrohyoid 

d. Superior belly of omohyoid. These are described 
in Table 4.1 and Fig. 4.6. 

2 Pretracheal fascia: It forms the false capsule of the thyroid 
gland and the suspenson; ligaments of Bem; which attach 
the thyroid gland to the cricoid cartilage (see Fig. 8.4). 

3 Deep to the pretracheal fascia, there are: 
a. The thyrohyoid membrane deep to the thyrohyoid 

muscle: It is pierced by the internal laryngeal nerve 
and the superior laryngeal vessels (Fig. 4.7). 

b. Thyroid cartilage. 
c. Cricothyroid membrane with the anastomosis of the 

cricothyroid arteries on its surface. 
d. Arch of the cricoid cartilage. 
e. Cricothyroid muscle supplied by the external 

laryngeal nerve. 
f. Trachea, partly covered by the isthmus o f the 

thyroid gland from the second to fourth rings. 
g. Carotid sheaths lie on each side of the trachea 

(see Fig. 3.3). 



HEAD AND NECK 

Thyrohyoid J 
Deep muscles 

r-rt>--- -- Sternothyroid 

t Omohyoid 
Superficial muscles uperior belly) 

Stemohyoid---- ----- - ----

Tendon-- ---------r-

Clavicle 

Fig. 4.6: The infrahyoid muscles 

Openings for internal laryngeal nerve -------..:::--,;:-
and superior laryngeal vessels 

Thyroid gland-----.---- -

Fifth tracheal ring--- --\----:;;~ ~~~;:----;;}~---- T2/T3 level 

Fig. 4.7: The thyroid gland, the larynx and the trachea seen from the front 

CLINICAL ANATOMY 

• The common anterior midline swellings of the 
neck are: 
a. Enlarged s ubmental lymph n od es an d 

sublingual dermoid in the submental region. 
b. Thyroglossal cyst and inflamed subhyoid bursa 

just below the hyoid bone. 
c. Goitre, car cinoma of larynx an d enlarged 

lymph nodes in the suprastemal region . 
• Tracheostomy is an operation in which the trachea 

is opened and a tube inserted into it to facilita te 

b rea thin g. It is most common ly don e in the 
retrothyroid region after retracting the isthmus of 
the thyroid gland (Fig. 4.8). A su prathyroid tracheo-
stomy is liable to stricture, and an infra thyroid one 
is difficult due to the depth of the trachea and is 
also dangerous because numerous vessels lie 
anterior to the trachea here. 

• Cut throat wounds are most commonly situated 
just above or just below the hyoid bone. The main 
vessels of the neck usually escape injury because 
they are p ushed backwards to a d eeper plane 
during voluntary extension of the neck. 



• Skin incisions to be made parallel to nah1ral 
creases or Langer's lines (Fig. 4.9). 

• Ludwig's angina is the cellulitis of the floor of the 
mouth. The infection spreads above the mylo-
hyoid forcing th e tongue upwards. Mylohyoid is 
pushed downwards. There is swelling within the 
mouth as well as below the chin. 

Epiglottis 

Hyoid bone - -~ 
lft-1+---+------+-Arytenoid 

Thyroid cartilage --"-=:::=-C:::..-fl/ 

Larynx --- -+-<__, 
Trachea---~-

Oesophagus--- ~ -+tir-ln-

Tracheostomy tube---+ , 

cartilage 
r---4..,._+-Cricoid 

cartilage 

" 
Fig. 4.8: Tracheostomy tube in position 

--
/ 

Fig. 4.9: Langer's lines in the neck 

SUBMENTAL AND DIGASTRIC TRIANGLES 

DISSECTION 
Remove the deep fascia from anterior bellies of digastric 
muscles to expose parts of two mylohyoid muscles. Clean 
the boundaries and contents of the submental triangle. 

Cut the deep fascia from the mandible and reflect it 
downwards to expose the submandibular gland. Identify 
and clean anterior and posterior bellies of digastric 
muscles, which form the boundaries of digastric triangle. 
Identify the intermediate tendon of digastric after pulling 

ANTERIOR TRIANGLE OF THE NECK 1.J 
the submandibular gland laterally. Clean the stylohyoid 
muscle which envelops the tendon of digastric and is 
lying along with the posterior belly of digastric muscle. 
Identify the contents of digastric triangle (Fig. 4.1 O) 
(refer to BOC App). 

ANTERIOR TRIANGLE 
BOUNDARIES 
The boundaries of the an terior triangle of neck are: 

The an terior median p lane of the neck med ially; 
sternocleidomastoid laterally; base of the mandible and 
a line joining the angle of the mandible to the masto id 
process, superiorly (Fig. 4.10). 

SUBDIVISIONS 
The anterior triangle is s ubdivided (by the digastric 
muscle and the superior belly of the omohyoid into: 
a . Submental 
b. Digastric 
c. Caro tid 
d. Muscular triangles (Fig. 4.10). 

SUBMENTAL TRIANGLE 
This is a median triangle. It is bounded as follows. 

On each side, there is the anterior belly of the 
corresponding digastric muscles. Its base is formed by 
the body of the hyoid bone. Its apex lies a t the chin. 
The floor of the triangle is formed by the right and left 
mylohyoid muscles and the median raphe uniting them 
(Fig. 4.3). 

Contents 
1 Two to four small submental lymph nodes are situated 

in the superficial fascia between the anterior bellies 
of the digastric muscles (Fig. 4.3). They drain : 
a. Superficial tissues below the chin. 
b. Central part of the lower lip. 
c. The adjoin in g gums. 
d. Anterior part of the floor of the mouth. 
e. The tip of the tongue. Their efferents pass to the 

submandibular nodes. 
2 Small submental veins join to form the anterior 

jugular veins. 

DIGASTRIC TRIANGLE 

The area between the body of the mandfole and the 
hyoid bone is known as the submand ibular region . The 
superficial structures of this region lie in the submental 
and digastric triangles. The deep structures of the floor 
of the mouth and root of th e tongue will be stud ied 
separately at a la ter stage under the heading of sub-
mandibular region in Chapter 7. 
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Anterior 
triangle Half submental triangle - -------4.-

Boundaries 
The boundaries of the digastric triangle are as follows. 
Anteroinferiorly: Anterior belly of digastric. 
Posteroinferiorly: Posterior belly of digastric and the 
stylohyoid. 
Superiorly or base: Base of the mandible and a line 
joining the angle of the mandible to the mastoid process 
(Fig. 4.10). 

Roof 
The roof of the triangle is formed by: 
1 Skin. 
2 Superficial fascia, containing: 

a. The platysma. 
b. The cervical branch of the facial nerve. 
c. The ascending branch of the transverse or anterior 

cutaneous nerve of the neck. 
3 Deep fascia, which splits to enclose the submandi-

bular salivary gland (see Fig. 7.6). 

Floor 
The floor is formed by the mylohyoid muscle anteriorly, 
and by the hyoglossus posteriorly. A small part of the 
middle constrictor muscle of the pharynx, appears in 
the floor (Fig. 4.11}. 

Posterior belly of digastric 

~ - ----Sternocleidomastoid 
..,_#,f,,H-JL.flflllll----- Stylohyoid embracing the 

digastric 

r--- --- Posterior triangle 

Contents 
Anterior Part of the Triangle 
Structures superficial to mylohyoid are: 
1 Superficial part of the submandibular salivary gland 

(Fig. 4.3 and see Fig. 7.1). 
2 The facial vein and the submandibular lymph nodes 

are superficial to it and the facial artery is deep to it. 
3 Submental artery. 
4 Mylohyoid nerve and vessels (Fig. 4.4). 
5 The hypoglossal nerve. Other relations w ill be 

studied in the submandibular region. 

Posterior Part of the Triangle 
1 Superficial structures are: 

a. Lower part of the parotid gland. 
b. The external carotid artery befo re it enters the 

parotid gland. 
2 Deep structures, passing between the external and 

internal carotid arteries are: 
a. The styloglossus. 
b. The stylopharyngeus. 
c. The glossopharyngeal nerve (Fig. 4.13). 
d. The pharyngeal branch of the vagus nerve. 
e. The styloid process (see Fig. 5.2). 
f. A part of the parotid gland. 
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nllllH---+- --Middle constrictor 

----- - - Posterior belly of digastric 
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Mylohyoid------~ l"I' At:,,£7"-- --->r-- Hyoid pulley for tendon of 
digastric bellies 

Hyoid bone---- ----, 

Fig. 4.11 : Floor of the digastric triangle 

3 Deepest structures include: 
a. The internal carotid artery. 
b. The internal jugular vein. 
c. The vagus nerve (see Fig. 3.8b). 
Most of these struch.ues w ill be studied later. 

CAROTID TRIANGLE 

DISSECTION 
Clean the area situated between posterior belly of digastric 
and superior belly of omohyoid muscle, to expose the 
three carotid arteries with internal jugular vein. Trace IX, 
X, XI and XII nerves in relation to these vessels (Fig. 4.1 O). 

Identify middle and inferior constrictors of pharynx 
and thyrohyoid membrane forming its floor (Fig. 4.12). 

Carefully clean and preserve superior root, the loop 
and inferior root of ansa cervicalis in relation to anterior 
aspect of carotid sheath. Locate the sympathetic 
trunk situated posteromedial to the carotid sheath (see 
Fig. 3.8b). Dissect the branches of external carotid artery 
(Figs 4.13 and 4.14). 

Identify and preserve internal laryngeal nerve in the 
thyrohyoid interval. Trace it posterosuperiorly till vagus. 
Also look for external laryngeal nerve supplying the 
cricothyroid muscle (Fig. 4.13). 

The carotid triangle provides a good view of all the 
large vessels and nerves of the neck, particularly when 
its posterior boundary is retracted slightly backwards. 

BOUNDARIES 
Anteros11periorly: Posterior belly of the digastric muscle; 
and the stylohyoid (Fig. 4.12}. 
A11teroil~feriorly: Superior belly of the omohyoid. 

Posteriorly: Anterior border of the sternocleidomastoid 
muscle. 

Roof 
1 Skin. 
2 Superficial fascia containing: 

a. The plastysma. 
b. The cervical branch of the facial nerve. 
c. The transverse cutaneous nerve of the neck. 

3 Investing layer of deep cervical fascia. 

Floor 
It is formed by parts of: 
a. The middle constrictor of pharynx. 
b. The inferior constrictor of the pharynx (Fig. 4.12). 
c. Thyrohyoid membrane. 

CONTENTS 
Arteries 
1 The common carotid artery with the carotid sinus 

and the carotid body at i ts termination 
2 Internal carotid artery 
3 The external carotid artery with its superior thyroid, 

lingual, facial, ascending pharyngeal and occipital 
branches (Fig. 4.12). 

Veins 
1 The internal jugular vein. 
2 The common facial vein draining into the internal 

jugular vein. 
3 A pharyngeal vein whkh usually ends in the internal 

jugular vein. 
4 The lingual vein which usually terminates in the 

internal jugul ar vein. 
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Thyrohyoid--- --

Thyrohyoid membrane--- - ~ 

Thyroid cartilage-----+-

Insertion of sternohyoid ------>r----H 
(on oblique line) 

-.-- --Styloid process 

~ --Upper border of triangle formed by 
posterior belly of digastric 

~ f--- Thyrohyoid membrane (with openings for internal 
laryngeal nerve and superior laryngeal vessels) 

-H--'51-- --Lateral border of triangle formed by anterior 
border of stemocleidomastoid 

Fig. 4. 12: Floor of the carotid triangle 

Nerves 
1 The vagus running vertically downwards. 
2 The superior laryngeal branch of the vagus, d ividing 

into the external and internal laryngeal nerves. 
3 The spinal accessory nerve running backwards over 

the internal jugular vein. 
4 The hypoglossal nerve running forwards over the 

external and inte rnal carotid arter ies. The hypo-
glossal nerve gives off the upper root of the ansa 
cerv icalis or descendens hypoglossi, and another 
branch to the thyrohyoid (Fig. 4.16). 

5 Sym pathetic chain runs (see Fig . 3.8b) vertically 
downwards posterior to the carotid sheath. 
Carotid sheath with its contents (see Fig. 3.8). 

Lymph nodes: The deep cervical ly mph nod es are 
situated along the internal jugular vein, and include 
the jugulodigastric node below the posterior belly of 
the di.gastric and the jugulo-omohyoid node above the 
inferior belly of the omohyoid (see Fig. 8.28). 
Common Carotid Artery 
The right common carotid artery is a branch of the brachio-
cepha I ic artery. It begins in the neck behind the right 
sternoclavicular joint (Fig. 4.14, also see Fig. 8.17). The left 
common carotid artery is branch of the arch of the aorta. 
Carotid Sinus 
The termination of the common carotid artery, or the 
beginning of the internal carotid artery shows a slight 
d ilatation, known as the carotid sinus. In this region, the 

tun.ica media is thin, but the adventitia is relatively thick 
and receives a rich innervation from the glossopharyngeal 
and sym pathetic nerves. The carotid sinus acts as a baro-
receptor or pressure receptor and regulates blood pressure. 

Carotid Body 
Carotid body is a small, ova l reddish brown structure 
situated behind the bi furcation of the common carotid 
artery. It receives a rich nerve supply mainly from the 
glossop haryngeal nerve, but also from the vagus 
and sympathetic nerves. It acts as a chemoreceptor and 
responds to changes in the oxygen, carbon d ioxide 
and pH con tent of the blood. 

Other allied chemoreceptors are found near the arch of 
the aorta, the ductus arteriosus, and the right subclavian 
artery. These ar e supplied by the vagus nerve. 

CLINICAL ANATOMY 

• The carotid sinus is richly supplied by nerves . 1n 
some persons, the sinus may be hypersensitive. 
In such persons, sudden rotation of the head may 
cause slowing of heart. This condi tion is called as 
"carotid sinus syndrome". 

• The supra ventricu la r ta chycardia may be 
controlled by ca rotid s inus massage, due to 
inhibitory effects of vagus nerve on the heart. 

• The necktie should not be tied tightly, as it may 
compress bo th the in ternal carotid arteries, 
supplying the brain. 
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Maxillary artery _____ ____,,.,.111W------- ---- Superficial temporal artery 

External carotid------ ---111 

Styloid processs ---------- i---ai----- Internal jugular vein with common 
facial, lingual and pharyngeal veins 

Internal carotid - ----- --~ ~ c.;w1 

Glossopharyngeal nerve-----""",... 
Pharyngeal branch of vagus ---- - -

Facial artery-------"111111-:;i't T--_...'-,111----- Posterior auricular artery 
.,._ _ _ _ Outline of carotid traingle 

Hypoglossal nerve ---e..\~~~llJ/--11--1 +
1
f1..,. Superior laryngeal nerve 

Lingual artery __ ___.., 

Internal laryngeal nerve ----•n 
External laryngeal nerve - ------..-·11 

Superior thyroid---- ~ 

Superior root of ansa cervicalis ------- § @._ Lymph nodes 

Fig. 4.13: The ninth, tenth, eleventh and twelfth cranial nerves and their branches related to the carotid arteries and to the internal 
jugular vein, in and around the left carotid triangle 

External Carotid Artery 
External carotid artery is one of the terminal branches 
of the common carotid artery. In general, it lies anterior 
to the internal carotid artery, and is the chief artery of 
supply to structures in the front of the neck and in the 
face (Fig. 4.14, also see Fig. 8.17). 

Course and Relations 
1 The external carotid artery begins in the carotid 

triangle at the level of the upper border of the thyroid 
cartilage opposite the d isc between the third and 
fourth cervical vertebrae. It runs upw ards and 
slightly backwards and la terally, and terminates 

Occipital -----<Q.:!,,.. 

Descending branch ---

,~•- .,..>--------Maxillary 

- ~ ----Ascending palatine and tonsillar branch 

Stemocleidomastoid branch --------JI 

Ascending pharyngeal-------,--
lnternal carotid-----___,, 

Carotid sinus------
Carotid body-----~ 

i,,;~- - ~ - --Lingual 

Posterior belly of digastric 
- ----- Superior thyroid 

Fig. 4.14: Right carotid arteries including branches of the external carotid artery 
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behind the neck of the mandible by dividing into 
the maxillary and superficial temporal arteries. 

2 The external carotid artery has a slightly curved course, 
~o ~at it is anteromedia] to the internal carotid artery 
m its lower part, and anterolateral to the internal 
carotid artery in its upper part (see Fig. 20.11). 

3 In the carotid triangle, the external carotid artery is 
comparatively superficial, and lies under cover of 
the anterior border of the sternocleidomastoid. The 
artery is crossed superficially by the cervical branch 
of the facial nerve, the hypoglossal nerve (Fig. 4.13) 
and the facial, lingual and superior thyroid veins. 
Deep to the artery, there are: 
a. The wall of the pharynx. 
b. The superior laryngeal nerve which divides into the 

external and internal laryngeal nerves (Fig. 4.14). 
c. The ascending pharyngeal artery. 

4 Above the carotid triangle, the external carotid artery 
lies deep in the substance of the parotid gland. Within 
the gland, it is related superficially to the retro-
mandibular vein and the facial nerve (see Fig. 5.4). 
Deep to the external carotid artery, there are: 
a. The internal carotid artery. 
b. Structures passing between the external and internal 

carotid arteries; these being styloglossus, stylo-
pharyngeus both arising from the styloid process, 
IX nerve, pharyngeal branch of X (Fig. 4.13). 

c. Two structures deep to the internal carotid artery, 
namely the superior laryngeal nerve (Fig. 4.13) 
and the superior cervical sympathetic ganglion. 

Branches 
The external carotid artery gives off eight branches 
which may be grouped as follows. Though small parts 
of branches l ie in carotid triangle, these have been 
described completely. 

Anterior 
1 Superior thyroid (Fig. 4.14) 
2 Lingual 
3 Facial 

Posterior 
1 Occipital 
2 Posterior auricular. 

Medial 
Ascending pharyngeal. 

Terminal 
1 Maxillary 
2 Superficial temporal (Fig. 4.14). 

Superior Thyroid Artery 
The superior thyroid artery arises from the external 
carotid artery just below the level of the greater comua 
of the hyoid bone. 

It runs downwards and forwards parallel and just 
superficial to the external laryngeal nerve. 

It passes deep to the three long infrahyoid muscles 
to reach the upper pole of the lateral lobe of the thyroid 
gland. 

Its relationship to the external laryngeal nerve, which 
supplies the cricothyroid muscle is important to the 
surgeon during thyroid surgery. The artery and nerve 
are close to each other higher up, but diverge sligh tly 
near the gland. To avoid injury to the nerve, the superior 
thyroid artery is ligated as near the gland as possible 
(see Fig. 8.7). 

Apart from its terminal branches to the thyroid 
gland, it gives one important branch, the superior 
laryngeal nrten; which pierces the thyrohyoid membrane 
in company with the internal laryngeal nerve (Fig. 4.7). 
The superior thyroid artery also gives a sternocleido-
mastoid branch to that muscle and a cricothyroid 
branch that anastomoses with the artery of the opposite 
side in front of the cricovocal membrane. 

Lingual Artery 
The I ingua l artery arises from the external carotid artery 
opposite the tip of the greater cornua of the hyoid bone. 
It is tortuous in its course. 

Its course is di vided into three p a rts b y the 
hyoglossus muscle. 

The first part lies in the carotid triangle. It forms a 
characteris tic upward loop which is crossed by the 
h ypoglossal nerve. The ling ual loop permits free 
movements of the hyoid bone. 

The second part lies deep to the hyoglossus along the 
upper border of hyoid bone. It is superficial to the 
middle constrictor of the pharynx. 

The third part is called the arteria profunda linguae, 
or the deep lingual artery. It runs upwards along the 
anterior border of the hyoglossus, and then horizontally 
forwards on the undersurface of the tongue as the fourth 
part. In its verti ca l course, it lies between the 
genioglossus medially and the inferior longitudinal 
muscle of the tongue laterally. The horizontal part of 
the artery is accompanied by the lingual nerve. 

It gives branches: Suprah yoid, dorsal lingual, 
sub lingual. 

During su rgical removal of the tongue, the first part 
of the artery is ligated before it gives any branch to the 
tongue or to the tonsil. 



Styloid process with - ----
stylohyoid ligament 

Styloglossus ____ ___....._, 

IX nerve -----~, 

Lingual artery ---- --#----, 

Middle constrictor _ _ _J.:__~ 

External carotid -----
artery 

Hyoglossus - ------------' 

ANTERIOR TRIANGLE OF THE NECK 

Circumvallate papillae 

'------- -- Lingual nerve with 
submandibular ganglion 

Fig. 4.15: Lingual artery 

Facial Artery 
The facial artery arises from the external carotid just 
above the tip of the greater comua of the hyoid bone. 

It runs upwards first in the neck as cervical part and 
then on the face as facial part. The course of the artery 
in both places is tortuous. The tortuosity in the neck 
a llows free movements of the pharynx during 
deglutition. On the face, it allows free movements of 
the mandible, the lips and the cheek during mastication 
and during various facial expressions. The artery 
escapes traction and pressure during these movements. 

The cervical part of the facial artery runs upwards on 
the superior constrictor of pharynx deep to the posterior 
belly of the digastric, with the stylohyoid and to the 
ramus of the mandible. 

It grooves the posterior border of the submandibular 
salivary gland. Next the artery makes an S-bend (two 
loops) first windi.ng down over the submandibu lar gland, 
and then up over the base of the mandible (see Fig. 7.7). 

The facial part of the facial artery enters the face at 
anteroi.nferior angle of masseter muscle, runs upwards 
close to angle of mouth, side of nose till medial angle 
of eye. It is described in Chapter 2. 

The cervical part of the facial artery gives off the 
ascending palatine, tonsillar, submental, and glandular 
branches for the submandibular salivary gland and 
lymph nodes. 

The ascending palatine artery arises near the origin of 
the facial artery. It passes upwards between the 
styloglossus and the stylopharyngeus, crosses over the 
upper border of the superior constrictor and supplies 
the tonsil and the root of the tongue. 

The submen tal branch is a large artery w hich 
accompanies the mylohyoid nerve, and supplies the 
submental triangle and the sublingual salivary gland 
(Fig. 4.3). 

Occipital Artery 
The occipital artery arises from the posterior aspect of 
the external carotid artery, opposite the origin of the 
facial artery. 

It is crossed at its origin by the hypoglossal nerve. 
In the carotid triangle, the artery gives two 

sternocleidomastoid branches. The upper branch 
accompanies the accessory nerve, and the lower branch 
arises near the origin of the occipital artery. 

The further course of the artery in scalp has been 
described in Chapter 10 (see Fig. 10.5). 

Posterior Auricular Artery 
The posterior auricular artery arises from the posterior 
aspect of the external carotid just above the posterior 
belly of the digastric (Fig. 4.14). 

It runs upwards and backwards deep to the parotid 
g land, but superficial to the styloid process. It crosses 
the base of the mas toid process, and ascends behind 
the auricle. 

It supplies the back of the au ricle, the skin over the 
mastoid process, and over the back of the scalp. It is 
cut in incisions for mastoid operations. Its stylomastoid 
branch enters the stylomastoid foramen, and supplies 
the middle ea r, the mastoid a.ntrum and air cells, the 
semicircular canals, and the facial nerve. 
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Ascending Pharyngeal Artery 
This is a small branch that arises from the medial side 
of the external carotid artery. It arises very close to the 
lower end of external carotid artery (see Fig. 4.14). 

It runs vertically upwards between the side wall of 
the pharynx, and the tonsil, medial wall of the middle 
ear and the auditory tube. It sends meningeal branches 
into the cranial cavity through the foramen lacerum, 
the jugular foramen and the hypoglossa l canal. 

Maxillary Artery 
This is the larger terminal branch of the external carotid 
artery. It begins behind the neck of the mandible under 
cover of the parotid gland. It runs forwards deep to 
the neck of the mandible below the auriculotemporal 
nerve, and enters the infra temporal fossa where it will 
be studied at a later stage (see Chapter 6). 

Superficial Temporal Artery 
1 It is the smaller terminal branch of the external carotid 

artery. It begins, behind the neck of the mandible 
under cover of the parotid gland (see Fig. 5.Sa). 

2 It runs vertically upwards, crossing the root of the 
zygoma or preauricular point, where i ts pulsations 
can be easily felt. About 5 cm above the zygoma, it 
divides into anterior and posterior branches w hich 
supply the temple and scalp. The anterior branch 
a nastomoses with the supraorbital and supra-
trochlear branches of the ophthalmic artery. 

3 In addition to the branches which supply the temple, 
the scalp, the parotid gland, the auricle and the facial 
muscles, the superficial temporal artery gives off a 
transverse facial artery, already studied with the face, 
and a middle temporal nrtery which runs on the 
temporal fossa deep to the temporalis muscle. 

Ansa Cervicalis or Ansa Hypoglossi 
This is a thin nerve loop that lies embedded in the 
anterior wall of the carotid sheath over the lower part of 
the larynx. It supplies the infrahyoid muscles (Fig. 4.16). 

Formation 
It is formed by a superior and an inferior root. The 
superior root is the continua tion of the descending 
branch of the hypoglossal nerve. Its fibres are derived 
from the first cervical nerve. This root descends over 
the internal carotid artery and the common carotid 
artery. 

The inferior root or descending cervical nerve is 
derived from second and third cervical spinal nerves. 
As this root descends, it winds round the internal 
jugular vein, and then continues anteroinferiorly to join 
the superior root in front of the common carotid artery 
(Fig. 4.16). 

Communication to - --,..,...~..,,, 
hypoglossal nerve 

nerve 
- ..,.- - Ventral 

ramus of C1 

/.,.. __ Ventral 
ramus of C2 

Ventral 
ramus of C3 

Inferior root 
of ansa cervicalis 

~-++---Oescendens 

To superior belly 
of omohyoid 

To sternothyroid - --

hypoglossi 

- --To inferior belly 
of omohyoid 

Fig. 4.16: Ansa cervicalis, and branches of the first cervical 
nerve distributed through the hypoglossal nerve 

Distribution 
Superior root: To the superior belly of the omohyoid. 
A11sa cervicalis: To the sternohyoid, the sternothyroid. 
Inferior root: To the inferior belly of the omohyoid . 

a te that the thyrohyoid and geniohyo id are 
supplied by separate branches from the first cervical 
nerve through the hypoglossal nerve (Fig. 4.15). 

MUSCULAR TRIANGLE 

DISSECTION 
Identify the infrahyoid muscles on each side of the 
median plane. Cut through the origin of sternocleido-
mastoid muscle and reflect it upwards. Trace the nerve 
supply of infrahyoid muscles. 

The superficial structures in the infrahyoid region 
are included in this triangle. The deeper structures 
(thyroid gland, trachea, oesophagus, etc.) will be studied 
separately at a later stage. 

BOUNDARIES 
Anteriorly: Anterior med ian line of the neck from the 
hyoid bone to the sternum. 
Posterosuperiorly: Superior belly of the omohyoid muscle 
(Fig. 4.10). 

Posteroinferiorly: Lower part of anterior border of the 
stemocleidomastoid muscle (Fig. 4.17). 



ANTERIOR TRIANGLIE OF THE NECK 

---- Midline of neck 

Two heads of -----------.~ 
sternocleidomastoid 

Fig. 4.17: Dissection of muscular triangle 

Contents 
The infrahyoid muscles are the chief contents of the 
triangle. These muscles may also be regarded arbitrarily 
as forming the floor of the triangle (Fig. 4.6). 

The infrahyoid muscles are: 
a. Sternohyoid 
b. Sternothyroid 

c. Thyrohyoid 
d. Omohyoid. 

These ribbon muscles have the following general 
features. 

a. They are arranged in two layers, superficial 
(sternohyoid and omohyoid) and d eep (ster-
nothyroid and thyrohyoid) (Fig. 4.6). 

b. AU of them are supplied by the ventral rarni of 
first, second and third cervical spinal nerves. 

c. Because of their attachment to the hyoid bone 
and to the thyroid ca rtilage, they move these 
structures. 

d. Stemohyoid, superior belly of omohyoid, sterno-
thyroid lie superficial to the lateral or superficial 
convex surface of the thyroid gland (see Fig. 8.4). 

e. The anterior surface of isthmus of thyroid gland 
is covered by right and left sternothyroid and 
sternohyoid muscles (see Fig. 8.4). 

The specific details of infrahyoid muscles are shown 
in Table 4.1. 

Mnemonics 

External carotid artery branches 
Superior thyroid (anterior) 
Ascending pharyngeal (medial) 
Lingual (anterior) 
Facial (anterior) 
Occipital (posterior) 
Posterior auricular (posterior) 
Superficial temporal (terminal) 
Maxi llary (terminal) 
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Table 4.1: lnfrahyold muscles 
Muscle 

1. Sternohyoid 
(Fig. 4.6) 

2. Sternothyroid: 
It lies deep to the 
sternohyoid 

3. Thyrohyold: 
It lies deep to the 
sternohyoid 

4. Omohyoid: It has 
an inferior belly, a 
common tendon and 
a superior belly. It 
arises by the inferior 
belly, and is inserted 
through the superior 
belly 

Proximal attachment 

a. Posterior surface 
of manubrium 
sterni 

b. Adjoining parts of 
the clavicle and 
the posterior 
sternoclavicular 
ligament 

a. Posterior surface 
of manubrium sterni 

b. Adjoining part of 
first costal cartilage 

Oblique line of thyroid 
cartilage 

a. Upper border of 
scapula near the 
suprascapular 
notch 

b. Adjoining part of 
suprascapular 
ligament 

Distal attachment 

Medial part of lower 
border of hyoid bone 

Oblique line on the 
lamina of the thyroid 
cartilage 

Lower border of the 
body and the greater 
comua of the hyoid 
bone 

Lower border of body of 
hyoid bone lateral to the 
sternohyoid. The central 
tendon lies on the 
internal jugular vein at 
the level of the cricoid 
cartilage and is bound 
to the clavicle by a 
fascial pulley 

Nerve supply 

Ansa cervicalis 
C1 , C2, C3 

Ansa cervicalis 
C1, C2, C3 

C1 through 
hypoglossal nerve 

Superior belly by 
the superior root of 
the ansa cervicalis, 
and inferior belly by 
inferior root of 
ansa cervicalis 

Actions 

Depresses the hyoid 
bone following its 
elevation during 
swallowing and during 
vocal movements 

Depresses the larynx 
after it has been elevated 
in swallowing and in 
vocal movements 

a. Depresses the hyoid 
bone 

b. Elevates the larynx 
when the hyoid is fixed 
by the suprahyoid 
muscles 

Depresses the hyoid 
bone following its 
elevation during 
swallowing or in vocal 
movements 

• Apex of anterior triangle of neck is close to the 
sternum, while that of posterior triangle is close 
to the mastoid process. 

and monitoring patient's pulse by palpating arteries 
in the head and neck region 
• What artery is the anaesthetist palpating? 
• rune the other palpable arteries in the body. 
Ans: The anaesthetist has been monitoring the pulse 
by palpating the common carotid artery at the 
anterior border of stemocleidomastoid muscle. He 
need not get up to feel the radial pulse repeatedly. 

• Submental triangle is half on each side of the 
midline. 

• Maximum blood vessels are present in the carotid 
triangle 

• Superficial temporal artery can be palpated at the 
preauricular point. 

• The necktie should not be tied tightly, as it may 
compress both the internal ca rotid a rteries, 
supplying the brain. 

CLINICOANATOMICAL PROBLEM 

A patient is undergoing abdominal s urgery. 
Anaesthetist is sitting at the head end of the table 

Other palpable arteries in head and neck are 
superficial temporal and facial. In upper limb 
palpable arteries are third part of axillary artery, 
brachia! artery and radial pulse. 

In abdomen, one can feel abdominal aorta 
pulsation when one lies supine. 

Palpable arteries in lower limb are femoral at head 
of femur, popliteal, dorsalis pedis and posterior 
tibial. 



ANTERIOR TRIANGLE OF THE NECK 

FREQUENTlY ASKED QUESTIONS 

1. Describe carotid triangle under following headings: 
a. Boundaries 
b. Contents 
c. erves 
d. Arteries 

2. Describe the boundaries and contents of digastric 
triangle. 

3. Write short notes/ enumerate: 
a. Branches of external carotid artery 
b. Infrahyoid muscles 
c. Ansa cervicalis 
d. Facial artery-cervical part 
e. Lingual artery 

MULTIPLE CHOICE QUESTIONS 

1. Only medial branch external carotid artery is: 
a. Superior thyroid 
b. Lingua l 
c. Ascending pharyngeal 
d. Maxillary 

2. All the following are branches of external carotid 
except: 
a. Posterior ethmoidal 
b. Occipital 
c. Lingual 
d. Facial 

3. Muscles fo rming boundaries of carotid triangle are 
all except: 
a. Posterior belly of digastric 
b. Superior belly of omohyoid 
c. Inferior belly of omohyoid 
d. Sternocleidomastoid 

4. Hyoid bone develops from: 
a. 1st and 2nd arches b. 2nd and 3rd arches 
c. 3rd and 4th arches d. 1st, 2nd and 3rd arches 

5. Which of the following is not a palpable artery in 
head and neck? 
a. Facial artery 
b. Superficial temporal artery 
c. Lingual artery 
d. Common carotid artery 

6. Which of the following is not a infrahyoid muscle? 
a. Stemohyoid b. Sternothyoid 
c. Thyrohyoid d. Omohyoid- inferior belly 

7. Which of the following nerve runs with vagus 
between internal carotid artery and internal jugular 
vein till the angle of the mandible? 
a. Hypoglossal b. Accessory 
c. Glossopharyngeal d. Maxillary 

ANSWERS 
1. C 2.a 3. c 4. b 5. c 6. d 7. a 



Parotid Region 
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INTRODUCTION 
Parotid region con ta ins the largest serous salivary gland 
and the "queen of the face", the facial nerve. Parotid 
gland contains vertically disposed blood vessels and 
horizontall y situated facial nerve and its various 
branch es. Parotid gland gets affected by virus of 
mumps, which can extend the territory of its attack up 
to gonads as well. One must be careful of the branches 
of facial nerve while incising the parotid abscess by 
giving horizontal incision. Facial nerve is described in 
Chapter 4, Volume 4. 

SALIVARY GLANDS 
There are three pairs of large salivary glands-the 
parotid, submandibular and sublingual. In addition, 
there are numerous small glands in the tongue, the 
palate, the cheeks and the lips. These glands produce 
saliva which keeps the oral cavity moist, and helps in 
chewing and swallowing. The saliva also contains 
enzymes that aid digestion. 

PAROTID GLAND 
DISSECTION 

Carefully cut through the fascia! covering of the parotid 
gland from the zygomatic arch above to the angle of 
mandible below. While removing tough fascia, dissect 
the structures emerging at the periphery of the gland 
(refer to BOC App). 

Trace the duct of the parotid gland anteriorly till the 
buccinator muscle. Trace one or more of the branches 
of facial nerve till its trunk in the posterior part of the 
gland. The trunk can be followed till the stylomastoid 
foramen. Trace its posterior auricular branch. Trace the 
course of retromandibular vein and external carotid 
artery in the gland, removing the glands in pieces. Clean 
the facial nerve already dissected. Study the entire 
course of facial nerve from its beginning to the end. 

108 

CHAPTER 

5 

Facial nerve is the main nerve of the face, supplying 
all the muscles of facial expression , carrying 
secretomotor fibres to submandibular, sublingual 
salivary glands, including those in tongue and floor of 
mouth. It is also secretomotor to glands in the nasal 
cavity, palate and the lacrimal gland. It is responsible 
enough for carrying the taste fibres from anterior two-
thirds of tongue also except from the vallate papillae 
(see Chapter 4 of Volume 4). 

Features 
(Para = around; otic = ear) 
The parotid is the largest of the salivary glands. It 
weighs about 25 g. It is situated below the external 
acoustic meatus, between the ramus of the mandible 
and the sternocleidomastoid. The gland overlaps these 
structures. Anteriorly, the gland also overlaps the 
masseter muscle (Fig. 5.1). Skin over the gland is 
supplied by great auricular nerve (C2, 3). 

Capsule of Parotid Gland 
The investing layer of the deep cervical fascia forms a 
capsule for the gland (Fig. 5.2). It is supplied by great 
auricular nerve. The fascia splits (between the angle of 

Zygomatic _ _,_ _ _ 
arch 

----'~ External 
auditory 
meatus 

Jfi~'-Outline of 
parotid gland 

':l.,rr.#+-- Sternocleidomastoid 

L----4_ Angle of 
mandible 

Fig. 5.1 : Position of parotid gland 
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" " ..,.__ Platysma 

___:14a\1-- Parotid gland 
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External carotid 
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ligament 
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"--------- Investing layer 

Fig. 5.2: Capsule of the parotid gland 

the mandible and the mastoid process) to enclose the 
gland. The superficial lamina/parotidomassetric fascia, 
thick and adherent to the gland, is attached above to 
the zygomatic arch . The deep lamina is thin and is 
attached to the styloid process, tympanic plate, the angle 
and posterior border of the ramus of the mandible. A 
portion of the deep lamina, extending between the 
styloid process and the mandible, is thickened to 
form the stylomandibu/ar ligament which separates 
the parotid gland from the submandibular saliva ry 
gland. The ligament is pierced by the external carotid 
artery (see Fig. 3.4). 

Upper buccal - 7 '--- --....:::=-==~~~ 
Transverse facial artery - ---\::e-.;-- ~ !!!!!!----!'!.4~~ 

Facial process of the gland __ _).~ - - - -::=;.iii-

Parotid duct 

Lower buccal 

PAROTID REGION 

CLINICAL ANATOMY 

• Parotid swellings are very painful due to the 
unyielding na ture of the parotid fascia . 

• Mumps is an infectious disease of the salivary 
glands (usually the parot.id) caused by a specific 
virus. Viral parotit.is or mumps characteristically 
does not suppurate. Its complications are orchit.is 
and pancreatitis. 

External Features 
The gland resembles a three-sided pyramid. 

The apex of the pyramid is directed downwards 
(Figs 5.3a and b ). 

The gland has four surfaces: 
a. Superior (base of the pyramid) 
b . Superficial (Fig. 5.3a) 
c. Anteromedial 
d . Posteromedial (Fig. 5.4a). 
The surfaces are separated by three borders: 
a. Anterior (Fig. 5.4b) 
b. Posterior 
c. Medial/pharyngeal 

Relations 
The apex (Fig. 5.3a) overlaps the posterior belly of the 
digastric and the adjoining part of the carotid triangle. 
The cervica l branch of the facial nerve and the two 
divisions of t.he retromandibular vein emerge near the 
apex. 

Posterior auricular artery 

'<--H--- +--- - - Anterior and posterior divisions of 
retromandibular vein 

"-- - - - --External jugular vein 

'---- --- - - - Common facial vein 
Fig. 5.3a: Structures emerging at the periphery of the parotid gland 
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Parotid gland 

+-- - - ---- Sternocleidomastoid 
muscle 

Fig. 5.3b: Parotid gland 

Surfaces 
The superior surface or base forms the upper end of the 
gland which is small and concave. It is related to: 

a. The cartilaginous part of the external acous tic 
meatus. 

b . The posterior surface of the temporomandibular 
joint (Fig. 5.3b ). 

c. The superficial temporal vessels. 
d. The auriculotemporal nerve (Fig. 5.3a). 
The superficial surface is the largest of the four 

surfaces. It is covered wi th: 
a. Skin 
b. Superficial fascia containing the anterior branches 

of the great auricular nerve, the preauricular or 
superficial parotid lymph nodes and the posterior 
fibres of the platysma and risorius. 

c. The parotid fascia which is thick and adherent to 
the gland (Fig. 5.2). 

d. A few deep parotid lymph nodes embedded in 
the gland (Fig. 5.2). 

The anteromedial surface (Fig. 5.4a) is grooved by the 
posterior border of the ramus of the mandible. It is 
related to: 

a. The masseter 
b. The lateral surface of the temporomandibular 

joint. 
c. The posterior border of the ramus of the mandible 
d . The medial pterygoid 
e. The emerging branches of the facial nerve. 

The posteromedial surface (Fig. 5.4a) is moulded to the 
mastoid and the styloid processes and the structures 
attached to them. Thus, it is related to: 

a. The mastoid process, with the s ternocleido-
mastoid and the posterior belly of the digastric. 

b. The styloid process, w ith structures attached to 
it. 

c. The external carotid artery and facial nerve enter 
the gland through this surface. The internal carotid 
artery lies deep to the styloid process (Fig. 5.4a). 

Borders 
The anterior border separates the superficial surface from 
the anteromedial surface. It extends from the anterior 
part of the superior surface to the apex. The following 
structures emerge at this border: 

a. The parotid duct. 
b. Most of the terminal branches of the facial nerve. 
c. The transverse facial vessels. In addition, the 

accessory parotid gland lies on the parotid duct 
close to th.is border (Fig. 5.3a). 

The posterior border separates the superficial surface 
from the pos teromedia l surface. It overlap s the 
sternodeidomastoid (Fig. 5.4b). 

The medial edge or pharyngeal border separates the 
anteromedial surface from the posteromedial 
surface. It is related to the lateral walJ of the pharynx 
(Fig. 5.4a). 
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Medial pterygoid 
Branches of 
facial nerve Ramus of mandible 

Wall of pharynx 
Parotid gland 

Medial edge 

Styloid process with Anteromedial 
attached muscles surface 

Internal carotid artery Superficial Medial edge surface 
Internal jugular vein 

Facial nerve Posteromedial 
Posterior surface Mastoid process border 

Posterior belly 
(a) of digastric (b) 

Figs 5.4a and b: (a) Horizontal section through the parotid gland showing its relations and the structures passing through it, and 
(b) gross features of parotid gland 

Structures within the parotid gland 
From medial to the lateral side, these are as follows. 
l Arteries: The external carotid artery enters the gland 

through its posteromedial surface (Fig. 5.Sa). The 
maxillary artery leaves the gland through its 
anteromedial surface. The superficial temporal artery 
gives transverse facial artery and emerges at the 
anterior part of the superior surface. 

2 Veins: The retromandibular vein is formed within the 
gland by the union of the superficial temporal and 
maxillary veins. In the lower part of the gland, the 
vein div ides into anterior and poste rior divisions 
which emerge close to the apex (lower p ole) of the 
g land (Fig. 5.Sb ). 

3 The facial nerve exits from cranial cavity through 
stylomastoid foramen and enters the gland through 
the upper part of its posteromedial surface, and 
divides into its terminal branches within the gland. 
The branches leave the g land through its 
anteromedia l surface, and appear on the surface at 
the anterior border (Fig. 5.5c). 

Facial nerve lies in relation to isthmus of the gland 
w hich separa tes large superficial part from small 
deep pa rt of the gland. Facial nerve div ides into two 
b ranches (Figs 5.Sd and e): 
a . Temporofacial: Divides into temporal and zygomatic 

branches. 
b. Cervicofacial: Di vides into buccal, marginal 

mandibula r and cervical branches. 
The various branches (5-6) of facial nerve radiate like 
a goose-foot from the curved anterior border of the 
parotid gland to supply the respective muscles of 

facial expression. This pattern of branching is called 
"pes anserinus" . 

4 Parotid lymph nodes. 

Paley's facioveno11s plane 
The gland is composed of a large superficial and a small 
deep part, the two being connected by an ' isthmus' around 
which facial nerve divides (Fig. 5.Sd). 

Accessory processes of parotid gland 
Facial process-along parotid duct. It lies between 
zygom atic arch and the parotid duct (Fig. 5.3a). 

Pterygoid process-between mandibular rarnus and 
medial pterygoid. 

Glenoid process-between external acoustic meatus 
and temporomandibular joint 

Poststyloid process 

Parotid Duct/Stenson's Duct 
(Dutch Anatomist 1638-86) 
Parotid duct is thick-walled and is about 5 cm long. It 
emerges from the middle of the anterior border of the 
gland (Fig. 5.1). It runs forwards and slightly down-
wards on the masseter. Here its relations are: 

Superiorly 
1 Accessory parotid gland. 
2 The transverse facial vessels (Fig. 5.3a). 
3 Upper buccal branch of the facial nerve. 

Inferiorly 
The lower buccal branch of the facial nerve. 

At the anterior border of the masseter, the parotid 
duct turns medially and pierces: 
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Figs 5.5a toe: Structures within the parotid gland: (a) Arteries, (b) veins, (c) nerves, (d) two parts of the parotid gland are separated 
by isthmus, and (e) superficial part overlapping the deep part 

a. The buccal pad of fat. 
b . The buccopharyngeal fascia. 
c. The buccinator (obLiquely). 
Because of the oblique course of the duct through 

the buccinator, inflation of the duct is prevented during 
blowing. 

The duct runs forwards for a short distance between 
the buccinator and the oral mucosa. Finally, the duct 
turns medially and opens into the vestibule of the 
mouth (gingivobuccal vestibule) opposite the crown of 
the upper second molar tooth (see Fig. 2.20). 

Blood Supply 
The parotid gland is supplied by the external carotid 
artery and its branches that arise within the gland. The 
veins drain into the external jugular vein and internal 
jugular vein. 

Nerve Supply 
1 Parasympathetic nerves are secretomotor (Fig. 5.6). 

They reach the gland through the auriculo temporal 
nerve. 
The p reganglionic fibres begin in the inferior 
salivatory nucleus; pass through the glossopharyngeal 
nerve, its tympan ic branch, the tympanjc plexus and 
the lesse r petrosal nerve; and relay in the otic 
ganglion. 
The postganglionic fibres pass through the auriculo-
temporal nerve and reach the gland. This is shown 
in Flowchart 5.1. 

2 Sympathetic nerves are vasomotor, and are derived 
from the plexus around the middle meningeal artery. 

3 Sensory nerves to the gland come from the auriculo-
temporal nerve, but the parotid fascia is innervated by 
the sensory fibres of the great auricular nerve (C2, C3). 
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Lesser petrosal-- ----~ 
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Fig. 5.6: Parasympathetic nerve supply to the parotid gland 

Flowchart 5.1: Tracing nerve supply of parotid gland 

Inferior salivatory nucleus 

Tympanic branch 

Tympanic plexus 

Lesser petrosal nerve 

Relay in otic ganglion 

Postganglionic fibres pass through auriculotemporal nerve 

Parotid gland 

Lymphatic Drainage 
Lymph d rains first to the parotid nodes and from there 
to the upper deep cervical nodes. 

Parotid Lymph Nodes 
The parotid lymph nodes lie partly in the superficial 
fascia and partly deep to the deep fascia over the parotid 
g land (Fig. 5.4). They drain: 
a. Temple 
b. Side of the scalp 
c. Lateral surface of the auricle 
d . External acoustic meatus 
e. Middle ear 
f. Parotid gland 

g. Upper p art of the cheek 
h . Parts of the eyelids and orbit. 

Efferents from these nodes pass to the upper g roup 
of deep cerv ical nodes. 

DEVELOPMENT 
The parotid g land is ectodermal in orig in. It develops 
from the buccal epithelium just la teral to the angle of 
mouth. The outgrowth branches repeatedly to form the 
d uct system and acini. The mesode rm fo rms the 
intervening connective tissue septa. 

CLINICAL ANATOMY 

• A parotid abscess may be ca used by spread of 
infection from the op ening of parotid duct in the 
mouth cavity (Fig. 5.7). 

• A parotid abscess is best drained by horizontal 
incision / making many small holes known as 
Hilton's method (Fig . 5.8) below the angle of 
mandible. 

• Parotidectomy is the removal of the parotid gland. 
After this op era tion, a t t imes, there may be 
regenera tion of the secretomotor fibres in the 
auriculo tem poral nerve which join the g rea t 
auricular nerve. This causes stimulation of the 
sweat glands and hyperaemia in the area of its 
d istribution, thus producing redness and sweating 
in the area of skin supplied by the nerve. This 
clinical entity is called Frey syndrome. Whenever, 
such a person chews there is increased sweating 
in the region supplied by auricuJotemporal nerve. 
So it is also called 'auricuJotemporal syndrome' . 
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• During surgical removal of the parotid gland or 
parotidectomy, the facial nerve is preserved by 
removing the gland in two parts, superficial and 
deep separately. The plane of cleavage is defined 
by tracing the nerve from behind forwards. 

• Mixed parotid tumour is a slow growing lobuJated 
painless tumour without any involvement of the 
facial nerve. Malignant change of such a tumour 
is indicated by pain, rapid grow th, fixity with 
hardness, .involvement of the facial nerve, and 
enlargement of cervical lymph nodes. 

• The parotid calculi may get formed within the 
parotid gland or in its Stenson's duct. These 
can be located by injecting a radiopaque dye 
through its opening in the vestibule of the mouth. 
The procedure is called 'Sialogram' . The duct 
can be examined by a spatula or b idigital 
examination. 

Submandibular 
duct 

Opening of 
parotid duct 

,,__ __ Undersurface 
of tongue 

Sublingual 
fold 

Fig. 5.7: Openings of salivary glands 

Parotid gland with 
branches of facial nerve 

Horizontal incision for _ _ __, 
drainage of abscess 

~ - - Parotid duct 

Fig. 5.8: Horizontal incision for draining parotid abscess. 
Branches of facial nerve also seen 

• Facial nerve courses through the parotid gland, 
without supplying any structure in it. 

• Skin over the parotid gland is supplied by great 
auricular nerve, C2, C3. 

• Deepest structure in the substance of parotid gland 
is the external carotid artery. 

• Otic ganglion is the only parasympathetic ganglion 
with 4 roots. 

• Facial nerve divides into temporofacial and 
cervicofacial branches. The former gives temporal 
and zygomatic branches. The latter gives buccaJ, 
marginal mandibular and cervical branches. 

• Facial nerve passes through two foramina of skull, 
i.e internal acoustic meatus and stylomastoid 
foramen. 

CLINICOANATOMICAL PROBLEM 

A young man complained of fever and sore throat, 
noted a swelling and felt pain on both sides of his 
face in front of the ear. Within a few days, he noted 
swellings below his jaw and below his chin. He 
suddenly started looking very healthy by facial appea-
rance. The pain increased while chew ing or drinking 
lemon juice. The physician noted enlargement of all 
three salivary glands on both sides of the face. 
• Where do the ducts of salivary glands open? 
• Why did the pain increase while chewing? 
• Why did the pain increase while drinking lemon 

juice? 
Ans: The duct of the parotid gland opens at a papilla 
in the vestibule of mouth opposite the 2nd upper 
molar tooth. The duct of sub mandibular gland opens 
at the papilla on the sublingual fold. The sublingual 
gland opens by 10-12 ducts on the sublingual fold. 

The investing layer of cervical fascia encloses both 
the parotid and the submandibular glands and is 
attached to the lower border of the mandible. As 
mandible moves during chewing, the fascia gets 
stretched which resul ts in pain. The fascia and skin 
are supplied by the great auricular nerve. 

While drinking lemon juice, there is lot of pain, as 
the salivary secretion is stimulated by the acid of the 
lemon juice. 

The investing layer of cervical fascia encloses: Two 
muscles, the trapezius and the sternocleidomastoid; 
two spaces, the suprasternal space and the supra-
clavicular space; two glands, the parotid and the 
submandibular and forms two pulleys, one for the 
intermediate tendon of digastric and one for the 
intermediate tendon of omohyoid muscle. 
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FREQUENTLY ASKED QUESTIONS 

1. Describe parotid gland w1der the following headings: 
a. Gross anatomy 
b. Structures emerging at various borders, apex and 

base 
c. erve supply 
d. Clinical anatomy 

2. Describe briefly the structures present within the 
parotid gland. 

3. Write short notes on/ enumerate: 

a. Parotid duct 

b. Histology of parotid gland 

MULTIPLE CHOICE QUESTIONS 

1. Nerve carrying postganglionic parasympathetic 
fibres of the parotid gland is: 
a . Facial b. Auriculotemporal 
c. Inferior alveolar d. Buccal 

2. Somata of postganglionic secretomotor fibres to 
parotid gland lie in: 
a. Ciliary ganglion 
b. Pterygopalatine ganglion 
c. Otic ganglion 
d. Submandibular ganglion 

3. Which of the following artery passes between the 
roots of the auriculotemporal nerve? 
a. Maxillary 
b. Middle meningeal 
c. Superficial temporal 
d. Accessory meningeal 

4. Vein formed by union of posterior division of 
retromandibular and posterior auricular vein is: 
a. Internal jugular b. External jugular 
c. Common facia l d. Anterior jugular 

5. All of the following are peripheral parasympathetic 
ganglia except: 
a. Otic b. Ciliary 
c. Pterygopalati.ne d . Geniculate 

6. Which artery is not inside the parotid gland? 
a. External carotid 
b. Internal carotid 
c. Superficial temporal 
d. Maxillary 

7. One of the following nerves is not related to parotid 
gland: 
a. Temporal branch of facial 
b. Zygomatic branch of facial 
c. BuccaJ branch of facial 
d. Posterior superior alveolar branch of maxillary 

8. Pes anserinus is the arrangement in which of the 
following nerves? 
a. Vagus b. Trigeminal 
c. Facial d. Glossopharyngeal 

ANSWERS 
1. b 2. c 3. b 4.b 5. d 6. b 7.d 8. C 
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INTRODUCTION 
Temporal and infratemporal regions include muscles 
of mastication, which develop from mesoderm of first 
branchial arch. Only one joint, the temporomandibular 
joint, is present on each side between the base of skull 
and mandible to allow movements during speech and 
mastication. 

The parasympathetic ganglion is the otic ganglion, 
the only gangl ion with four roots, i.e. sensory, sym-
pathetic, motor and secretomotor or parasympathetic. 

The blood supply of this region is through the 
maxillary artery. Middle meningeal artery is its most 
important branch, as its injury results in extradural 
haemorrhage (see Fig. 1.10). 

TEMPORAL FOSSA 

In order to understand these regions, the osteology of 
the temporal fossa, and the infratemporal fossa should 
be studied. The temporal Jossa lies on the side of the sku 11, 
and is bounded by the superior temporal line and the 
zygomatic arch. 

BOUNDARIES 
Anterior: Zygomatic and frontal bones (Fig. 6.1). 
Posterior: Inferior temporal line and supramastoid crest. 
Superior: Superior temporal line 
Inferior: Zygornatic arch. 
Floor: Parts of frontal , parietal, temporal and greater 
wing of sphenoid. Temporalis muscle is attached to the 
floor and inferior temporal line. 

CONTENTS 
1 Temporalis muscle. 
2 Middle temporal artery (branch of supe rficial 

temporal artery) (see Chapter 4). 
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Coronal 
suture 

~-_,,.-:::a...._, _ __ Parietal 
bone 

Frontal - - '- Superior 
bone temporal line 

Greater - - - ..&.- Inferior 
wing of temporal line 

sphenoid -.._4-__ ___,J.-1..- Pterion 
and orbit --~-~----+- Middle 

Zygomatic - - -. l .~ .. - _-_--i~, temporal 
bone vessels 

Maxilla Occipital 
bone 

Mastoid process 
Zygomatic arch 

Fig. 6.1: Some features seen on the lateral side of the skull 

3 Zygomaticotemporal nerve and artery. 
4 Deep temporal nerves for supplying temporalis 

muscle. 
5 Deep temporal artery, branch of maxillary artery. 

INFRATEMPORAL FOSSA 

It is an irregular space below zygomatic arch. 

BOUNDARIES 
Anterior: Posterior surface of body of maxilla. 

Roof: Infratemporal surface of greater wing of sphenoid. 

Medial: Lateral pterygoid plate and pyramidal process 
of palatine bone. 

Lnteral: Ramus of mandible (Fig. 6.2). 

CONTENTS 
1 Lateral pterygoid muscle. 
2 Medial pterygoid muscle. 



Temporal fascia 

~---Temporal fossa 

Zygomatic arch 

'l-t+---;c-+-- lnfratemporal crest of 
greater wing of sphenoid 

r "H<--+---- lnfratemporal fossa 

~~--- lnfratemporal surface of 
greater wing {roof) 

+----Ramus of mandible (lateral) 

----Lateral pterygoid plate (medial) 
Medial pterygoid plate 

Fig. 6.2: Scheme to show the outline of the temporal and 
infratemporal fossae in a coronal section 

3 Mandibular nerve with its branches, otic ganglion. 
4 Maxillary nerve with posterio r superior alveola r 

nerve (see Chapter 15). 
5 Chorda tympani, branch of VII nerve. 
6 1st and 2nd parts of maxill ary artery wi th their 

branches. 
7 Posterior superior alveolar artery, branch of 3rd part 

of maxillary artery. 
8 Accompanying veins. 

LANDMARKS ON THE LATERAL 
SIDE OF THE HEAD 

The external ear or pinna is a prominent feature on the 
la teral aspect of the head. 
1 The zygomatic bone forms the prominence of the cheek 

at the inferola teral corner of the orbit. The zygomatic 
arch bridges the gap between the eye and the ear. 

2 The head of the mandible lies in front of the tragus. 
It is felt bes t during movements of the lower jaw. 

3 The mastoid process is a large bony promine nce 
situated behind the lower part of the auricle. 

4 The superior temporal line forms the upper boundary 
of the tem poral fossa which is filled up by the 
temporalis muscle. 

5 The pterion is th e area in the temporal fossa 
where four bones (frontal, parietal, temporal and 
greater wing of sphenoid) adjoin each other across 
an H-shaped suture (Fig. 6.1). 

6 The junction of the back of the head with the neck is 
indicated by the external occipital protuberance and 
the superior nuchal lines. 
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MUSCLES OF MASTICATION 

DISSECTION 
Identify the masseter muscle extending from the 
zygomatic arch to the ramus of the mandible (Fig. 6.3). 
Cut the zygomatic arch in front of and behind the 
attachment of masseter muscle and reflect it 
downwards. Divide the nerve and blood vessels to the 
muscle. Clean the ramus of mandible by stripping off 
the masseter muscle from it (refer to BOC App) . 

Give an oblique cut from the centre of mandibular 
notch to the lower end of anterior border of ramus of 
mandible. Turn this part of the bone including the 
insertion of temporalis muscle upwards (Fig. 6.4). Strip 
the muscle from the skull and identify deep temporal 
nerves and vessels. 

Make one cut through the neck of the mandible. Give 
another cut through the ramus at a distance of 4 cm 
from the neck. Remove the bone carefully in between 
these two cuts, avoiding injury to the underlying 
structures. The lateral pterygoid is exposed in the upper 
part and medial pterygoid in the lower part of the 
dissection (Fig. 6.5). 

FEATURES 
The muscles of mastication move the mandible during 
mastication and speech. They are the masseter, th e 
temporalis, the la te ral pterygoid a nd the medial 
pterygoid. They develop from the mesoderm of the first 
branchial arch, and are supplied by the mandibular 
nerve which is the nerve of that arch. The muscles are 
enumerated in Table 6.1 and shown in Figs 6.3 to 6.5. 
Temporal fascia and relations of lateral and medial 
pterygoid muscles are described. 

TEMPORAL FASCIA 
Th e temporal fascia is a thick ap on eu rotic sheet 
th a t roofs over th e temporal fossa and covers the 
temporalis muscle. Superiorly, the fascia is single 
layered and is attached to the superior temporal line. 
Inferiorly, it splits into two layers which are attached 
to the inner and outer lips of the upper border of the 
zygomatic arch. The small gap between the two layers 
con tains fat, a branch from the superficial temporal 
artery and the zygomaticotemporal nerve. 

The superficial surface of the temporal fascia receives 
an expansion from the epicranial aponeurosis (see 
Fig. 2.3). This surface gives origin to the auricularis 
anterior and superior, and is related to the superficial 
temporal vessels, the auriculotemporal nerve, and the 
temporal branch of the facial nerve (see Fig. 5.3a). Th.e 
deep surface of the temporal fascia gives origin to some 
fibres of the temporalis muscle. 
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Table 6.1: Muscles of mastication 
Muscle Origin Fibres Insertion Nerve supply Actions 
1. Masseter a. Superficial layer a. Superficial fibres pass a. Superficial layer into Masseteric nerve, a a. Elevates mandible to 

Quadrilateral, covers (largest) : From anterior downwards and the lower part of the branch of anterior close the mouth to bite 
lateral surface of two-thirds of lower backwards at 45° lateral surface of division of mandibular b. Superficial fibres cause 
ramus of mandible, border of zygomatic ramus of mandible nerve protrusion 
has three layers arch and adjoining 
(Fig. 6.3) zygomatic process of 

maxilla 
b. Deep layer: From deep b. Deep fibres pass b. Deep layer into rest 

surface of zygomatic vertically downwards of the ramus of 
arch the mandible 

c. Middle layer: From lower c. Middle fibres pass c. Middle layer into the 

2. Temporalis 
Fan-shaped, fills the 
temporal fossa 
(Fig. 6.4) 

3. Lateral pterygoid 
Short, conical, has 
upper and lower 
heads (Fig. 6.5) 

4 . Medial pterygoid 
Quadrilateral, has a 
small superficial and 
a large deep head 
(Fig. 6.5) 

border of posterior 
one-third of zyomatic 
arch 

a. Temporal fossa, 
excluding zygomatic 
bone 

b. Temporal fascia 

a. Upper head (small): 
From infratemporal 

surface and crest of 
greater wing of 
sphenoid bone 

b. Lower head (larger): 
From lateral surface of 
lateral pterygoid plate. 
Origin is medial to 
insertion 

a. Superficial head 
(small slip): From 
tuberosity of maxilla 
and adjoining bone 

b. Deep head (quite 
large): From medial 
surface of lateral 
pterygoid plate and 
adjoining process of 
palatine bone 

vertically downwards central part of ramus 
of the mandible 

Anterior fibres run vertically, a. Margins and deep Two deep temporal a. Elevates mandible 
middle obliquely and surface of coronoid branches from anterior b. Helps in side to side 
posterior horizontally. All process. division of mandibular 
converge and pass through b. Anterior border nerve 
gap deep to zygomatic arch 

Fibres run backwards 
and laterally and 
converge for insertion 

Fibres run downwards, 
backwards and laterally. 
The two heads embrace 
part of the lower head 
of lateral pterygoid 
(Fig. 6.5) 

of ramus of the 
mandible 

a. Pterygoid fovea on A branch from anterior 
the anterior surface division of mandibular 
of neck of mandible nerve 

b. Anterior margin of 
articular disc and 
capsule of temporo-
mandibular joint. 
Insertion is postero-
lateral and at a 
slightly higher level 
than origin 

Roughened area on the Nerve to medial 
medial surface of angle pterygoid, branch of 
and adjoining ramus of the main trunk of 
mandible, below and mandibular nerve 
behind the mandibular 
foramen and mylohyoid 
groove 

grinding movement 
c. Posterior fibres retract 

the protruded mandible 

a. Depress mandible to 
open mouth, with 
suprahyoid muscles. 
It is indispensible for 
actively opening the 
mouth 

b. Protrudes mandible 
c. Right lateral pterygoid 

turns the chin to left 
side 

a: Elevates mandible 
b. Helps protrude 

mandible 
c. Right medial pterygoid 

with right lateral 
pterygoid turn the chin 
to left side as part of 
grinding movements 

I 
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Masseter --+=:___Jb-- -==~~'('lr-"i---~'...:_-/-- External acoustic 
(deep head} meatus 

Masseter- - -+-----~ 
(superficial head) .__ __ Styloid process 

Fig. 6.3: Origin and insertion of the masseter muscle. Origin of temporalis also shown 

Zygomatic arch------- -~ 
(cut) 

r~:::::;;,~ ('" ~ •..-----4-+-- Temporomandibular 
Coronoid process - ~ .__ ____ +- joint capsule 

Fig. 6.4: Origin and insertion of the temporalis muscle 

The fascia is extremely dense. In some species (e.g. 
tortoise), the temporal fascia is replaced by bone. 

RELATIONS OF LATERAL PTERYGOID 
The lateral pterygoid m ay be regarded as the key 
muscle of this region because its relations provide a 
fair idea about the layout of s tructures in the infra-
temporal fossa. The relations are as follows: 

Superficial 
1 Masseter (Fig. 6.4) 
2 Ramus of the mandible 
3 Tendon of the temporaJis 
4 The maxillary artery (Fig. 6.6). 

Deep 
1 Mandibular nerve 
2 Middle meningeal artery (Fig. 6.11). 
3 Sphenomandibular ligament 
4 Deep head of the medial pterygoid . 

Structures Emerging at the Upper Border 
1 Deep temporal nerves (Fig. 6.6) 
2 Masseteric nerve. 

Structures Emerging at the Lower Border 
1 Lingual nerve and artery 
2 Inferior alveolar nerve 
3 The middle meningeal and accessory meningeal 

arteries pass upwards deep to it (Fig. 6.6). 
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r---- Insertion of lateral pterygoid 
into pterygoid fovea 

~f-J.~-+--Upperandlowerheads 
of lateral pterygoid 

--,...-+.,=- 4---- Deep head of 
medial pterygoid 

--------Superficial head of 
medial pterygoid 

'--------Inferior alveolar nerve 
'---------Lingual nerve 

Fig. 6.5: The lateral and medial pterygoid muscles 

Pharyngeal ----------, 

Artery of pterygoid canal ---------, 

Sphenopalatine (terminal part) ------Accessory meningeal 
- -----Middle meningeal 

,-.----Masseteric 
artery and nerve 

Maxillary artery 

1-1--lh-------- Inferior alveolar 
nerve and artery 

~ -~------Mylohyoid 
nerve and artery 

Fig. 6.6: Some relations of the lateral pterygoid muscle and branches of maxillary artery 

Structures Passing through 
the Gap between the Two Heads 
1 The maxillary artery enters the gap 
2 The buccal branch of the mandibular nerve comes 

out through the gap (Fig. 6.6). 

The pterygoid plexus of veins surrounds the lateral 
pterygoid. 

RELATIONS OF MEDIAL PTERYGOID 
The superficial and deep heads of medial pterygoid 
enclose the lower h ead of lateral p terygoid muscle 
(Fig. 6.5). 

Superficial Relations 
The upper part of the muscle is separated from the 
lateral pterygoid muscle by: 



1 The lateral pterygoid plate 
2 The lingual nerve (Fig. 6.5). 
3 The inferior alveolar nerve. 

Lower down the muscle is separated from the ram us 
of the mandible by the lingu al and in ferior alveolar 
nerves, the maxillary artery, and the sphenomandibular 
ligament. 

Deep Relations 
The relations are: 
1 Tensor veli palatini 
2 Superior constrictor of pharynx 
3 Styloglossus 
4 Stylopharyngeus attached to the styloid process. 

CLINICAL ANATOMY 

Temporalis and masseter muscles are palpated by 
requesting the person to dench the teeth. Medial and 
lateral pterygoid muscles can be tested by requesting 
the person to move the lower jaw from one side to 
other side. 

MAXILLARY ARTERY 

DISSECTION 
External carotid artery divides into its two terminal 
branches, maxillary and superficial temporal on the 
anteromedial surface of the parotid gland (see Fig. 5.5a). 
The maxillary artery, appears in this region. Identify 
some of its branches. Most important to be identified is 
the middle meningeal artery. Revise its course and 

Superficial temporal - ---<..---
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branches given in Chapter 12. Accompanying these 
branches are the veins and pterygoid venous plexus 
and the superficial content of infratemporal fossa . 
Remove these veins. Try to see its communication with 
the cavernous sinus and facial vein. 

Features 
This is the larger terminal branch of the external carotid 
artery, given off behind the neck of the mandible. It 
has a wide territory of distribution, and supplies: 
1 The external and middle ears, and the auditory tube 

(Fig. 6.7) 
2 The d ura mater 
3 The upper and lower jaws with their teeth 
4 The muscles of the temporal and infratemporal 

regions 
5 The nose and paranasaJ air sinuses 
6 The palate 
7 The root of the pharynx. 

COURSE AND RELATIONS 
For descriptive purposes, the maxillary artery is divided 
into three parts (Fig. 6.7 and Table 6.2). 
1 The first (mandibular) part runs horizontally forwa rds, 

first between the neck of the mandible and the 
sp henomandibular ligament, below the auriculo-
temporaJ nerve, and then along the lower border of 
the lateral pterygoid . 

2 The second (pterygoid) part runs upwards and forwards 
superficial to the lower head of the lateral pterygoid. 

3 The tlrird (pterygopalatine) part passes between the 
two heads of the lateral pterygoid and through the 
pterygomaxillary fissure, to enter the pterygopalatine 
fossa. 

D First part of maxillary artery 
1. Deep auricular 
2. Anterior tympanic 
3. Middle meningeal 
4. Accessory meningeal 
5. Inferior alveolar 

D Second part of maxillary artery 
1. Masseteric 
2. Deep temporal 
3. Pterygoid 
4. Buccal 

Third part of maxillary artery 
1. Posterior superior alveolar 
2. lnfraorbital 
3. Greater palatine 
4. Pharyngeal 
5. Artery of pterygoid canal 
6. Sphenopalatine 

External carotid ___ _,, 

Fig. 6.7: Branches of three parts of the maxillary artery 
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Table 6.2: Branches of maxillary artery (Figs 6.6 and 6. 7) 
Branches Foramina transmitting Distribution 
A. Of first part 

1. Deep auricular Foramen in the floor (cartilage or bone) of 
external acoustic meatus 

Skin of external acoustic meatus, and outer surface 
of tympanic membrane 

2. Anterior tympanic 
3. Middle meningeal 

4. Accessory meningeal 
5. Inferior alveolar 

B. Of second part 
1. Masseteric 
2. Deep temporal 
3. Pterygoid 
4. Buccal 

C. Of third part 

Petrotympanic fissure 
Foramen spinosum 

Foramen ovale 
Mandibular foramen 

Inner surface of tympanic membrane 
Supplies more of bone and less of meninges; also 
5th and 7th nerves, middle ear and tensor tympani 
Main distribution is extracranial to pterygoids 
Lower 8 teeth and mylohyoid muscle 

Masseter 
Temporalis (two branches) 
Lateral and medial pterygoids 
Skin of the cheek 

1. Posterior superior 
alveolar 

2. lnfraorbital 

Alveolar canals in body of maxilla 

Inferior orbital fissure 

Upper molar and premolar teeth and gums; 
maxillary sinus 
Lower orbital muscles; lacrimal sac; maxillary 
sinus; upper incisor and canine teeth 

3. Greater palatine 

4. Pharyngeal 

Greater palatine canal 

Pharyngeal (palatovaginal) canal 

Soft palate; tonsil ; palatine glands and mucosa of 
upper gums 
Roof of nose and pharynx; auditory tube; sphenoidal 
sinus 

5. Artery of pterygoid canal Pterygoid canal 
6. Sphenopalatine Sphenopalatine foramen 

(terminal part) 

BRANCHES OF FIRST PART OF THE MAXILLARY ARTERY 
1 The deep auricular artery supplies the external acoustic 

meatus, the tympanic membrane and the temporo-
mandibular joint (Fig. 6.7). 

2 The anterior tympanic branch supplies the middle ear 
including the medial surface of th e tympa nic 
membrane. 

3 The middle meningeal artery has been described in 
Chapter 12. It lies between la teral pterygoid and 
sphenomandibular ligament, then between two roots 
of auriculotemporal nerve, enters the skull through 
forarnen spinosum to reach middle cranial fossa. It 
divides into a large fronta l branch which courses 
towards the pterion and a smaller parie tal branch 
(Fig. 6.11, also see Fig. 12.14). 

4 The accessory meningeal artery enters the cranial cavity 
through the foramen ovale. Apart from the meninges, 
it supplies structures in the infratemporal fossa. 

5 The inferior alveolar artery runs d ownwards and 
forwards medial to the ramus of the mandible to 
reach the mandibular foramen. Passing through this 
foramen, the artery enters the mandibular canal 
(within the body of the mandible) in which it runs 
downwards and then forwards. 

Auditory tube; upper pharynx and middle ear 
Lateral and medial walls of nose and various air 
sinuses (artery of epistaxis) 

Before entering the mandibular canal, the artery gives 
off a lingual branch to the tongue; and a mylohyoid 
branch that descends in the mylohyoid groove (on the 
medial aspect of the mandible) and runs forw ards 
above the mylohyoid muscle (see Fig. 1.25). 
Within th e mandibular canal, the artery gives 
branches to the mandible and to the roots of the each 
tooth attached to the bone. 
It also gives off a mental branch that passes through 
the mental foramen to supply the chin (see Fig. 1.24). 

BRANCHES OF SECOND PART 
OF THE MAXILLARY ARTERY 
These are mainly muscular. These are: (i) masseteric, 
(ii) and (iii) deep temporal branches (anterior and posterior) 
ascend on the la te ral aspect of the skull deep to the 
temporalis muscle, (iv) to the pterygoid muscles, and 
(v) buccal branch supplies the skin of cheek. 

BRANCHES OF THIRD PART OF THE MAXILLARY ARTERY 
1 The posterior superior alveolar artery arises just before 

the maxillary artery enters the pterygomaxilla ry 
fissure. It descends on the posterior surface of the 



maxilla and gives branches that enter canals in the 
bone to supply the molar and premolar teeth, and 
the maxrnary air sinus. 

2 The infrnorbital artery also arises jus t before the 
maxillary artery enters the pterygomaxillary fissure. 
It enters the orbit through the inferior orbital fissure. 
Tt then runs forwards in relation to the floor of the 
orbit, first in the infraorbital groove and then in 
the infraorbital canal to emerge on the face through 
the infraorbital foramen. It gives off some orbital 
branches, for structures in the orbit; middle superior 
alveolar branch for premolar teeth and the anterior 
superior alveolar branches that enter apertures in the 
maxilla to reach the incisor and canine teeth attached 
to the bone. 
After emerging on the face, the infraorbital artery 
gives branches to the lacrimal sac, the nose and the 
upper lip. 
The remaining branches of the third part arise within 
the pterygopalatine fossa (Fig. 6.7). 

3 The greater palatine artery runs downwards in the 
greater palatine canal to emerge on the posterolateral 
part of the hard palate through the greater palatine 
foramen. It then runs forwards near the lateral 
margin of the palate to reach the incisive canal (near 
the rnidline) through which some terminal branches 
enter the nasal cavity (see Fig. 1.12). 
Branches of the artery supply the palate and gums. 
Whi le sti ll wi thin the greater palatine canal, it gives 
off the lesser palatine arteries that emerge on the palate 
through the lesser palatine foramina, and run 
backwards into the soft palate and tonsil. 

4 The pharyngeal branch runs backwards through a 
canal related to the inferior aspect of the body of the 
sphenoid bone (pharyngeal or palatinovaginal 
canal). It supplies part of the nasophary nx, the 
auditory tube and the sphenoidal air sinus. 

5 The artery of the pterygoid canal runs backwards in 
the canal of the same name and helps to supply the 
pharynx, the auditory tube and the tympanic cavity. 

6 The sphenopalatine artery passes medially through the 
sphenopalatine foramen to enter the cavity of the 
nose. It gives off posterolateral nasal branches to 
the lateral wall of the nose and to the paranasal 
sinuses; and posteromedial branches to the nasal 
septum . Sphenopala tine artery is the artery of 
"epistaxis" (see Fig. 15.5). 

PTERYGOID PLEXUS OF VEINS 
It lies around and with.in the lateral pterygoid muscle. 
The tributaries of the plexus correspond to the branches 
of the maxillary artery. The plexus is drained by the 
maxillary vein which begins at the posterjor end of the 

TEMPORAL AND INFRATEMPORAL REGIONS 111111 
plexus and urutes with the superficial temporal vein to 
form the retromandibular vein. Thus, the maxillary vein 
accompanies only the first part of the maxiUary artery. 

The plexus commurucates: 
a. With the inferior ophthalmic vein through the 

inferior orbital fissure. 
b. With the cavernous sinus through the emissary 

veins. 
c. With the facial vein through the deep facial vein. 

CLINICAL ANATOMY 

• The anterior branch of middle meningeal artery 
is likely to be injured at the pterion in roadside 
accidents. It leads to extradural haemorrhage (see 
Fig. 1.10). The clot must be sucked out at the earliest, 
otherwise it may compress the motor area of brain. 

• Bleeding from lower teeth is from branches of 
inferior al veolar artery (1st part of maxillary 
artery) and from upper teeth is from branches of 
3rd part of maxillary artery. These are posterior 
superior alveolar and infraorbital arteries. 

• Sphenopalatine is the terminal branch of 3rd part 
of maxillary artery. It anastomoses with 
neighbouring vessels to form la rge capillary 
plexus called J(jesselbach's plexus at the antero 
inferior angle of the nasal septum. It is a common 
site of bleeding from nose or epistaxis and is 
known as Little's area. So sphenopalatine artery 
is called " the artery of epistaxis." 

TEMPOROMANDIBULAR JOINT 

DISSECTION 
Cut the lateral pterygoid muscle close to its insertion. 
Dislodge the head of mandible from the articular disc. 
Locate the articular cartilages covering the head of the 
mandible and the mandibu lar fossa. Take out the 
articular disc as well and study its shape and its role in 
increasing the varieties of movements. 

Type of Joint 
This is a synovial joint of the condylar variety. 

Articular Surfaces 
The upper articular surface is formed by the following 
parts of the temporal bone: 
1 Articular tubercle 
2 Anterior part of mandibular fossa (Fig. 6.8). 
3 Posterior non-articular part formed by the tympanic 

plate. 
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Meniscotemporal compartment 

Mandibular fossa 

Meniscomandibular 

~---Intra-articular 
disc 

Tympanic 
plate 

compartment Head of mandible 
Fig. 6.8: Subdivisions and attachments of the articular disc of 
TMJ 

The inferior articular surface is formed by the head 
of the mandible. 

The articular surfaces are covered withfibrocnrtilage. 
The joint cavity is divided into upper and lower parts 
by an intra-articular disc. 

Ligaments 
The ligaments are the fibrous capsule, the lateral 
ligament, the sphenomandibular ligament, and the 
stylomandibular ligament. 
1 The fibrous capsule is attad1ed above to the articular 

tubercle, the circumference of the mandibular fossa 
in front and the squamotympanic fissure behind, and 
below to the neck of the mandible. The capsule is loose 
above the intra-articular disc, and tight below it. The 
synoviaJ membrane lines the fibrous capsule and the 
neck of the mandible (Fig. 6.9). 

2 The lateral temporomandibular ligament reinforces and 
strengthens the lateral part of the capsuJar ligament. 
Its fibres are directed downwards and backwards. It 
is attached above to the articular tubercle, and below 
to the posterola teraJ aspect of the neck of the mandible. 

Lateral ligament 

Fig. 6.9: Fibrous capsule and lateral ligament of the temporo-
mandibular joint 

3 The splrenomandibular ligament is an accessory ligament, 
that lies on a deep plane away from the fibrous capsule. 
It is attached superiorly to the spine of the sphenoid, 
and inferiorly to the lingula of the mandibuJar foramen. 
It is a remnant of the dorsal part of Meckel's cartilage. 
The ligament is related laterally to: 
a. Lateral pterygoid muscle (Fig. 6.10). 
b . Auriculotemporal nerve. 
c. Maxillary artery (Fig. 6.11). 
The ligament is related medially to: 
a. Chorda tympani nerve. 
b. Wall of the pharynx. ear its lower end, it is 

pierced by the mylohyoid nerve and vessels. 
4 The stylomandibular ligament is another accessory 

ligament of the joint. It represents a thickened part 
of the deep cervical fascia which separates the parotid 
and submandibular salivary glands. It is attached 
above to the lateral surface of the styloid process, 
and below to the angle and adjacent part of posterior 
border of the ramus of the mandible (Fig. 6.11). 

ARTICULAR DISC 
The articular disc is an oval predominantly fibrous plate 
tha t divides the joint into an upper and a lower 
compartments. The upper compartment permits gliding 
movements, and the lower, rotatory as well as gliding 
movements. 

The disc has a concavo-convex superior surface, and 
a concave inferior surface. The periphery of the disc is 
attached to the fibrous capsule. The disc is composed 
of an anterior extension, anterior thick band, inter-
mediate zone, posterior thick band and bilaminar 
region (Fig. 6.8) containing venous plexus. The disc 
represents the degenerated primitive insertion of lateral 
pterygoid. The disc prevents friction between the 
articulating surfaces. 

It acts as a cushion and helps in shock absorption. It 
stabilises the condyle by filling up the space between 
articulating surfaces. 

The proprioceptive fibres present in the disc help to 
regulate movements of the joint. 

The disc helps in distribution of weight across the 
TMJ by increasing the area of contact. 

RELATIONS OF TEMPOROMANDIBULAR JOINT 
Lateral 
1 Skin and fasciae 
2 Parotid gland (Fig. 6.11, inset) 
3 Temporal branches of the facial nerve. 

Medial 
1 The tympanic plate separates the joint from the 

internal carotid artery. 
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Posterior band--------,. 

Intermediate zone------~ 

Anterior band---==---~ 

Anterior extension ---- ~ 

.-------------Mandibular Iossa 

.------------Meniscotemporal compartment 

.----------Intra-articular disc 

++------Squamotympanic fissure 

~----Head of mandible 

~-----Meniscomandibular compartment 

Fig. 6.10: Articular surfaces of the left temporomandibular joint 

Superficial temporal artery ----- with middle meningeal artery if Spine of sphenoid 

Foramen spinosum 

Nervous spinosus ------....-+ Chorda tympani nerve 
Auriculotemporal --- - - Lingual nerve Sphenomandibular ligament _______ ....,, 

.-;:=-==: 
Middle meningeal artery --~-..iiiiiiii.ll 

Stylomandibular ligament --<------"'1 
and external carotid artery 

Mylohyoid artery and nerve ------

Auriculotemporal nerve 
Superficial temporal vessels 

.W "-.""l:'71:----- Inferior alveolar 
nerve and artery ------

- --Inner surface ,_ _____ _ 

INSET Superior 

Middle 
meningeal artery 

Lateral Skin and 
superficial fascia 

Parotid gland 
Retromandibular 

vein & facial nerve 
Deep fascia 

Maxillary artery 

Inferior 

External carotid artery 

Lateral 
pterygoid 
muscle 

Masseteric 
vessels 

Fig. 6.11 : Superficial relations of the sphenomandibular ligament seen after removal of the lateral pterygoid. Medial relations of 
temporomandibular joint also seen. Inset shows other relations of the joint 

2 Spi_ne of the sphenoid, with upper end of the spheno-
mandibular ligament attached to it. 

3 Auriculotemporal and chorda tympani nerves. 
4 Middle meningeal artery (Fig. 6.11). 

Anterior 
1 Lateral pterygoid 
2 Masseteric nerve and artery (Fig. 6.8). 

Posterior 
1 The p arotid gland sepa rates the joint from the 

external auditory m eatus. 
2 Superficial temporal vessels. 
3 Auriculotemporal nerve (see Fig. 5.3). 

Superior 
1 Middle cranial fossa 
2 Middle meningeal vessels. 
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Inferior 
Maxillary artery and vein. 

BLOOD SUPPLY 
Branches from superficial temporal and maxillary 
arteries. Veins follow the arteries. 

NERVE SUPPLY 
Auriculotemporal nerve and masseteric nerve. 

MOVEMENTS 
1 Depression (open mouth) (Fig. 6.11) 
2 Elevation (closed mouth) 
3 Protrusion (protraction of chin) 
4 Retrusion (retraction of chin) 
5 Lateral or side to side movements during chewing 

or grinding. 
Movements of this joint can be palpated by putting 

finger at preauricular point or into external auditory 
meatus. The movements at the joint can be divided into 
those between the upper articular surface and the 
articular disc, i.e. meniscotemporal (upper) compart-
ment and those between the disc and the head of the 
mandible, i.e. meniscomandibular (lower) compartment. 
Most movements occur simultaneously at the right and 
left ternporomandibular joints. 

In forward movement or protraction of the mandible, 
the articular disc with the head of the mandible glides 
forwards over the upper articular surface. Movement 
occurs in meniscotemporal compartment. In retraction, 
the articular disc glides backwards over the upper 

articular surface taking the head of mandible with it. 
Mandible rotates around a horizontal axis extending 
from left to right condyle. 

In slight opening of the mouth or depression of the 
mandible, the head of the mandible moves on the 
undersurface of the disc like a hinge in lower compart-
ment (Fig. 6.12b). The movement occurs around a 
vertical axis passing through the condyle and posterior 
border of the rarnus of mandible. In wide opening of 
the mouth, this hinge-like movement is followed by 
gliding of the disc and the head of the mandible in 
upper compartment, as in protraction. At the end of 
this movement, the head comes to lie under the articular 
tubercle (Fig. 6.12c). These movements are reversed in 
closing the mouth or elevation of the mandible. 

Chewing movements involve side to side movements 
of the mandible. In these movements, the head of (say) 
right side glides forwards along with the disc as in 
protraction, but the head of the left side merely rotates 
on a vertical axis. As a result of this, the chin moves 
forwards and to left side (the side on which no gliding 
has occurred). Alternate movements of this kind on the 
two sides result in side to side movements of the jaw. 
Here the mandible rotates around an imaginary axis 
running along the mid-sagittal plane. 

Muscles Producing Movements 
-1, Depression is brought about mainly by the lateral 
pterygoid. The digastric, geniohyoid and mylohyoid 
muscles help when the mouth is opened wide or against 
resistance. 

Figs 6.12a to c : Movements in lower and upper compartments during opening of the mouth 



Lateral----
pterygoid 

muscle 

Masseter 
muscle 

lo,;,'t--- Temporalis 
muscle 

Fig. 6.13: Movements of temporomandibular joint (arrows) by 
muscles of mastication 

The origin of only lateral pterygoid is anterior, 
sligh tly lower and medial to its insertion. During 
contraction, it rotates the head of mandible and opens 
the mouth. During wide opening, it pulls the articular 
disc forwards. So movement occurs in both the 
compartments. It is also done passively by gravity 
(Figs 6.10 and 6.13). 

i Elevation is brought about by the masseter, the 
anterior vertical, middle oblique fibres of temporalis, 
and the medial pterygoid muscles of both sides. These 
are antigravity muscles. 

f-- Protrusion is done by the lateral and medial 
pterygoids and superficial oblique fibres of masseter. 

Retraction is produced by the posterior horizontal 
fibres of the temporalis and deep vertical fibres of 
masseter. 

Lateral or side to side movements, e.g. chewing from 
left side produced by right lateral pterygoid, right 
medial pterygoid which push the chin to left side. 
Then left temporalis (anterior fibres), left masseter 
(deep fibres) (H) chew the food. Chewing from right 
side involves left lateral pterygoid, le ft medial 
p terygoid, right temporalis and right masseter. Since 
so many muscles are involved, chewing becomes 
tiring. 

CLINICAL ANATOMY 

• Dislocation of mandible: During excessive 
opening of the mouth, the head of the mandible 
of one or both sides may slip anteriorly into the 
infratemporal fossa, as a result of which there is 
inability to close the mouth. Reduction is done by 

TEMPORAL AND INFRATEMPORAL REGIONS 

depressing the jaw with the thumbs placed on the 
last molar teeth, and at the same time elevating 
the chin (Fig. 6.14). 

• Derangement of the articular disc may result from 
any injury, like overclosure or malocclusion. This 
gives rise to clicking and pain during movements 
of the jaw. 

• In operations on the temporomandibular joint, the 
VII nerve and auriculotemporal nerve, branch of 
mandibular division of V should be preserved 
with care (Fig. 6.15). 

Mandibular fossa 
Articular eminence---~ Head of mandible 

Fig. 6.14: Dislocation of the head of mandible 

Auriculotemporal - A------~.;-< 
nerve 

Facial nerve and-~,------¥il 
its branches 

Fig. 6.15: Close relation of the two nerves to the temporo-
mandibular joint 

- I 
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MANDIBULAR NERVE 

DISSECTION 
Identify middle meningeal artery arising from the 
maxillary artery and trace it till the foramen spinosum. 
Note the two roots of auriculotemporal nerve 
surrounding the artery. Trace the origin of the auriculo-
temporal nerve from mandibular nerve (Fig. 6.11 ). 
Dissect all the other branches of the nerve. Identify the 
chorda tympani nerve joining the lingual branch of 
mandibular nerve. Lift the trunk of mandibular nerve 
laterally and locate the otic ganglion (refer to BOC App). 

Trace all connections of the otic ganglion. 

INTRODUCTION 
This is the largest mixed branch of the trigeminal nerve. 
It is the nerve of the first branchial arch and supplies 
all s tructures derived from that arch. Otic and 
submandibular ganglia are associated with this nerve 
(Fig. 6.16). 

COURSE AND RELATIONS 
Mandibular nerve begins in the middle cranial fossa 
through a large sensory root and a small motor root. 
The sensory root arises from the lateral part of the 
trigeminal ganglion, and leaves the cranial cavity 
through the foramen ovale (Fig. 6.17, also see Fig. 12.14). 

The motor root lies deep to the trigeminal ganglion 
and to the sensory root. It also passes through the 
foramen ovale to join the sensory root just below the 

foramen thus forming the main trunk. The main trunk 
lies in the infratempora l fossa, on the tensor veli 
palatini, deep to the lateral pterygoid. After a short 
course, the main trunk divides into a small anterior 
trunk and a large posterior trunk (Fig. 6.16). 

BRANCHES 
From the main trunk: 
a. Meningeal branch 
b. Nerve to the med ial pterygoid. 
From the anterior trunk: 
a. A sensory branch, the buccal nerve 
b. Motor branches, the masseteric and deep temporal 

nerves and the nerve to the lateral pterygoid. 
From the posterior trunk: 
a. Auriculotemporal 
b. Lingual 
c. Inferior alveolar nerves. 

Meningeal Branch or Nervus Spinosus 
Meningeal branch en ters the skull through the foramen 
spinosum w ith the middle meningeal arte ry and 
supplies the d ura mater of the middle cranial fossa. 

Nerve lo Medial Pferygold 
Nerve to medial p terygoid arises close to the otic 
ganglion and supplies the medial pterygoid from its 
deep surface. This nerve gives a motor root to the otic 
ganglion which does not relay and supplies the tensor 
veli palatini, and the tensor tympani muscles (Fig. 6.17). 

Meningeal branch-------
Nerve to medial pterygoid----~ 

VII nerve---w-

Lesser petrosal nerve 
-----Mandibular nerve 
~-- - Otic ganglion 
~--Masseteric 

IX nerve----~ 

Auriculotemporal-------' 
Chorda tympani-------' 

lingual nerve--------
lnferior alveolar--------+-___,._--11 

Submandibular ganglion-------;--rmn4r.J, ! .r fl.=:. "'-!:':;::=f~~ on hyoglossus '--

Fig. 6.16: Distribution of mandibular nerve {V3) 
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~--Tympanic branch 

Mandibular nerve-------+ 

Nerve to tensor veli palatini--~ 

4--- Glossopharyngeal nerve 

~ - ---+c:l--- Lesser petrosal nerve 

~=-:E:.~;;;;;---- - Nerve to tensor tympani 

Postganglionic fibres------!+-------,,:;:tntr 

Sensory root ------tt---t+--+;-,,1 

Nerve to medial pterygoid 

Base of mandible 

__,,__ _____ Auriculotemporal nerve giving 
branches to parolid gland 

• ~ ~ '=:-:-'~ iii-- - Sympathetic plexus along 
middle meningeal artery 

-----External carotid artery 

-----Medial pterygoid 

Fig. 6.17: Right otic ganglion seen from medial side 

Buccal Nerve 
Buccal nerve is the only sensory branch of the anterior 
division of the mandibular nerve. It passes between the 
two heads of the lateral pterygoid, runs downwards 
and forwards, and supplies the skin of cheek and 
mucous membrane related to the buccinator (Fig. 6.6). 
It also supplies the labial aspect of gums of molar and 
premolar teeth. 

Masseteric Nerve 
Masseteric nerve emerges at the upper border of the 
lateral pterygoid just i.n front of the temporomandibular 
joint, passes laterally through the mandibular notch in 
company with the masseteric vessels, and enters the 
deep surface of the masseter. It also supplies the 
temporomand ibular joint (see Fig. 1.24). 

Deep Temporal Nerves 
Deep temporal nerves are two nerves, anterior and 
posterior. They pass between the skull and the lateral 
pterygoid, and enter the deep surface of the temporalis. 

Nerve to Lateral Pferygold 
erve to la teral pterygoid enters the d eep surface of 

the muscle. 

Aurlculotemporal Nerve 
Auriculotemporal nerve arises by two roots which run 
backwards, encircle the middle meningeal artery, and 
unite to form a single trunk (Figs 6.11, 6.16 and 6.17). 
The nerve continues backwards between the neck of 

the mandible and the sphenomandibular ligament, 
above the maxillary artery. Behind the neck of the 
mandible, it turns upwards and ascends on the temple 
behind the superficial temporal vessels. 

The auricular part of the nerve supplies the skin of the 
tragus; and the upper parts of the pinna, the external 
acoustic meatus and the tympanic membrane. (Note 
that the lower parts of these regions are supplied by the 
great auricular nerve and the auricular branch of the 
vagus nerve.) The temporal part supplies the skin of 
the temple (see Fig. 2.5). ln addition, the auriculoternporal 
nerve also supplies the parotid gland (secretomotor 
and also sensory, Fig. 6.17) and the temporomandibular 
joint (see Table A.2). 

Ungual Nerve 
Lingual nerve (Table 6.3) is one of the two terminal 
branches of the posterior division of the mandibular 

Table 6.3: Branches of the mandibular nerve (CN V3) 
Muscular Sensory Others 
Temporalis and masseter Meningeal Carries 

Auriculotemporal taste 
fibres 

Medial and lateral pterygoids Inferior alveolar Carries 
and mental secreto-

motor fibres 
Tensor veli palatini and Lingual Articular 
tensor tympani 
Mylohyoid and digastric Buccal 
(anterior belly) 
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nerve (Fig. 6.16). It is sensory to the anterior two-thirds 
of the tongue and to the floor of the mouth. However, 
the fibres of the chorda tympani (branch of facial nerve) 
which is secretomotor to the submandibular and 
sub lingual salivary glands and gustatory to the anterior 
two-thirds of the tongue, are also distributed through 
the lingual nerve (Fig. 6.18). 

Course 
Lingual nerve begins one cm below the skull. About 
2 cm below skull, it is joined by chorda tympani nerve 
at an acute angle. Then it lies in contact with mandible 
medial to 3rd molar tooth. Finally, it lies on surface of 
hyoglossus and genioglossus to reach the tongue. 

Relations 
It begins 1 cm below the skull. It runs first between the 
tensor veli palatini and the lateral pterygoid, and then 
between the lateral and medial pterygoids. 

About 2 cm below the skull, it is joined by the chorda 
tympani nerve (Fig. 6.18). 

Emerging at the lower border of the lateral pterygoid, 
the nerve runs downwards and forwards between 
the ramus of the mandible and the medial pterygoid. 

ext it lies in direct contact with the mandible, medial 
to the third molar tooth between the origins of the 
superior constrictor and the mylohyoid muscles (see 
Fig. 1.25). 

It soon leaves the gum and runs over the hyoglossus 
deep to the mylohyoid. Finally, it lies on the surface of 
the genioglossus deep to the mylohyoid. Here it winds 
around the submandibular duct and divides into its 
terminal branches (see Fig. 7.4). 

Inferior Alveolar Nerve 
Inferior alveolar nerve is the larger terminal branch of 
the posterior division of the mandibular nerve 
(Fig. 6.16). It runs vertically downwards lateral to the 
media l pterygoid and to the sphenomandibular 
ligament. It enters the mandibular foramen and runs 
in the mandibular canal. It is accompanied by the 
inferior alveolar artery (see Fig. 1.25). 

Branches 
1 The mylohyoid branch contains all the motor fibres of 

the posterior division. It arises just before the inferior 
alveolar nerve enters the mandibular foramen. It 
pierces the sphenomandibular ligament with the 
mylohyoid artery, runs in the mylohyoid groove, and 
supplies the mylohyoid muscle and the anterior belly 
of the digastric (Fig. 6.11). 

2 While running in the mandibular canal the inferior 
alveolar nerve gives branches that supply the lower 
teeth and gums. 

3 The mental nerve emerges at the mental foramen and 
supplies the skin of the chin, and the skin and 

1111------------Sensory root 

Motor root of Vll---------+-

Tympanic plexus------~ 

Geniculate ganglion of facial nerve 

.--------- - - Greater petrosal nerve 

~--------Sympathetic nerve 

Nerve of pterygoid canal 

~==:::::=:~:::__)~4,======s:~=~7,1.._;=_=_J:_=_=---Deep petrosal nerve 

Facial canal 

Chorda tympani---,~+-- --' 

Glossopharyngeal nerve-----_, 

Tympanic branch-------~ 
Auriculotemporal nerve _________ __, 

Ct!------Internal carotid plexus 

11----Nerve to parotid gland 

'----Otic ganglion 

~---Communication between otic ganglion 
and chorda tympani 

~---Sympathetic root 
~---Inferior alveolar nerve 

'-----Lingual nerve 
'---------Middle meningeal artery 

'----------Lesser petrosal nerve 

Fig. 6.18: Connections of otic ganglion (schematic) 



mucous membrane of the lower lip (Fig. 6.16). Its 
incisive branch supplies the labial aspect of gums of 
canine and incisor teeth. 

OTIC GANGLION 

rt is a peripheral parasympathetic ganglion w hich 
relays secretomotor fibres to the paro tid gland. 
Topographically , it is intimately related to the 
mandibular nerve, but functionally, it is a part of the 
glossopharyngeal nerve (Figs 6.17 and 6.18). 

Size and Situation 
It is 2 to 3 mm in size, and is situated in the infra-
temporal fossa, just below the foramen ovale. It lies 
medial to the mandibular nerve, and lateral to the tensor 
veli palatini. It surrounds the origin of the nerve to the 
medial pterygoid (Fig. 6.16). 

Connections and Branches 
The secretomotor motor or parasympathetic root is formed 
by the lesser petrosal nerve. Its origin and course is 
shown in Flowchart 6.1. 

The sympathetic root is derived from the plexus on 
the middle meningeal artery. It contains postganglionic 
fibres arising in the superior cervical ganglion. The 
fibres pass through the otic ganglion without relay and 
reach the parotid gland via the auriculotemporal nerve. 
They are vasomotor in function. 

The sensory roof comes from the auriculotemporal 
nerve and is sensory to the parotid gland. 

Flowchart 6.1 : Secretomotor fibres for parotid gland 

Preganglionic fibres from inferior salivatory nucleus 

IX i rve I 
Tympanic branch 

Tympanic plexus 

Lesser petrosal nerve 

l Otic ganglion 

Postganglionic fibres 

Join auriculotemporal nerve 

Parotid gland j 
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Other fib res passing through the gangUon are as 
follows: 

a. The nerve to medial p terygoid gives a motor root 
to the ganglion which passes through it without 
relay and supplies medially placed tensor veli 
pala tini and laterally placed tensor tympani muscles. 

b. The chorda tympani nerve is connected to the otic 
ganglion and also to the nerve of the pterygoid 
canal (Fig. 6.18). These connections provide an 
alternative pathway of taste from the anterior two-
thirds of the tongue. 

CLINICAL ANATOMY 

• The motor part of the mandibular nerve is tested 
clinically by asking the patient to clench her/ his 
teeth and then feeling for the contracting masseter 
and temporalis muscles on the two sides. If one 
masseter is paralysed, the jaw deviates to the para-
lysed side, on opening the mouth by the action of 
the normal lateral pterygoid of the opposite side. 
The activity of the pterygoid muscles is tested by 
asking the patient to move the chin from side to 
side. 

• Referred pain: In cases with cancer of the tongue, 
pain radiates to the ear an d to the temporal fossa, 
over the distribution of the auriculotemporal nerve 
as both lingual and auriculotemporal nerves are 
branches of mandibular nerve. Sometimes the 
lingual nerve is divided to relieve intractable pain 
of this kind . This may be done where the nerve lies 
in contact with the mandible below and behind the 
last molar tooth, covered only by mucous membrane. 

• Mandibular neuralgia: Trigeminal neuralgia of the 
mandibular division is often difficult to treat. In 
such cases, the sensory root of the nerve may be 
d ivided behind the ganglion, and this is now the 
operation of choice when pain is confined to the 
dis tribution of the maxillary and mandibular 
nerves. During division, the ophthalmic fibres that 
lie in the superomedial part of the root are spared, 
to preserve the corneal reflex thus avoiding 
damage to the cornea (Fig. 6.19). 

• Lingual nerve lies in contact w ith mandible, 
medial to the third molar tooth. In extraction of 
malplaced 'wisdom' tooth, care must be taken not 
to injure the lingual nerve (see Fig. 1.25). Its injury 
results in loss of all sensations from anterior two-
thirds of the tongue. 

• A lesion at the forarnen ovale leads to paraesthesia 
along the mandible, tongue, temporal region and 
paralysis of the muscles of mastication. This also 
leads to loss of jaw-jerk reflex. 

• The mandibular nerve supplies both the efferent 
and afferent loops of the jaw-jerk reflex, as it is a 
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mixed nerve. Tapping the chin causes contraction 
of the pterygoid muscles. 

• In extraction of mandibular teeth, inferior alveolar 
nerve needs to be anaesthetised. The drug is given 
into the nerve before it enters the mandibular canal 

• Inferior alveolar nerve: Inferior alveolar nerve as it 
travels the mandibular canal can be damaged by 
the fracture of the mandible. This injury can be 
assessed by testing sensation over the chin. 

• During extraction of the 3rd molar, the buccal 
nerve may get involved by the local anaesthesia 
causing temporary numbness of the cheek. 

V2 

Division of sensory --
root with fibres of 

V2 and V3 nerves 

Preservation of fibres 
of V1 nerve 

Fig. 6.19: Partial cutting of the sensory root of trigeminal nerve 

Inferior alveolar nerve ---
in mandibular foramen 

Fig. 6.20: Injection given in mandibular foramen for 
anaesthetising the inferior alveolar nerve before extraction of 
last molar tooth 

Mnemonics 
Function of Lateral (La) vs. Medial (Me) ptery-
goid muscles 

"La": Jaw is open, so latera l pterygoid opens mouth. 
"Me": Jaw is closed, so medial pterygoid closes the mouth. 

• Mandibular nerve is the only mixed branch of 
trigeminal nerve 

• The nerve is associated w ith two parasympathetic 
ganglia, i.e. otic and submandibular ganglia 

• Maxillary a rtery gives many branches; some 
accompany branches of maxillary nerve and others 
branches of mandibular nerve as there is n o 
mandibular artery 

• Only muscle of mastication w hich depresses the 
TMJ is the lateral pterygoid muscle 

• Spine of sphenoid is related to chorda tympani and 
auriculotemporal nerves. Injury to the spine will 
hamper the secretion of 3 salivary glands. 

• Auriculotemporal nerve and branches of facial 
nerve are related to temporomandibular joint. 

CLINICOANATOMICAL PROBLEM 

A patient of carcinoma in anterior two-thirds of 
tongue complains of pain in his lower teeth, temporal 
region and the temporomandibular joint. 
• Why is pain of tongue referred to lower teeth? 
• Which are the other areas of referred pain? 
Ans: Sensations from anterior two-thirds of the 
tongue are carried by lingual, branch of mandibular 
nerve. Since there are too many pain impulses due 
to disease, these impulses course through other 
branches of the nerve, where it is gets referred. So 
pain is felt in lower teeth, from where sensations are 
carried by inferior alveolar nerve. The mandibular 
nerve also carries sensation from temporo-
mandibular joint and temporal region so the pain 
also gets referred to these regions. 
Examples of referred pain are: 
• Pain of gallbladder is referred to right shoulder 
• Pain of myocardial ischaemia is felt in the chest 

and medial side of left arm 
• Pain of foregut derived organs is felt in epigastrium 
• Pain of midgut derived organs is felt in 

periumbilical region 
• Pain of hindgut derived organs is felt in supra pubic 

region 



TEMPORAL ANO INFRATEMPORAL REGIONS 

FREQUENTLY ASKED QUESTIONS 

1. Describe temporomandibular joint under the 
following headings: 
a. Bones taking part 
b. Capsule and ligaments 
c. Relations 
d. Movements and their muscles 
e. Clinical anatomy 

2. Describ e muscles of mas tica ti o n unde r the 
following headings: 

a. Origin 
c. Actions 

b. Insertion 
d. Clinical anatomy 

3. Write short notes on/ enumerate: 
a. Otic ganglion and its connections 
b. Branches of 1s t part of maxillary artery 
c. Branches of mandibular nerve 
d . Branches of 3rd p art of maxillary artery 
d . Sphenomandibular ligament and the structures 

piercing it 

MULTIPLE CHOICE QUESTIONS 

1. Action of lateral pterygoid muscle is: 
a. Elevation and retraction of mandible 
b. Depression and retraction of mandible 
c. Elevation and protrusion of mandible 
d. Depression and protrusion of mandible 

2. Which of the following muscles is used for opening 
the mouth? 
a. Medial pterygoid b. Temporalis 
c. Lateral pterygoid d . Masseter 

3. Which of the following ligaments is not a ligament 
of temporomandibular joint? 
a. Pterygomandibular 
b. Sphenomandibular 
c. Lateral ligament 
d. Stylomandibular 

4. Which one is not a branch of maxillary artery? 
a. Anterior tympanic b. Anterior ethmoidal 
c. Middle meningeal d. Inferior alveolar 

5. Which of the following is not a muscle of masti-
cation? 
a. Medial pterygoid 
b. Masseter 
c. Temporalis 
d. Orbicularis oris 

6. Dislocated mandible can be reversed by: 
a. Depressing the jaw posteriorly and elevating the 

chin 
b. Depressing the jaw and depressing the chin 
c. Elevating the jaw and elevating the chin 
d. Depressing the chin and elevating the jaw 

posteriorly 
7. Nervus spinosus is a branch of: 

a. Maxillary nerve b. Mandibular nerve 
c. Ophthalmic nerve d. 2nd cerv ical nerve 

8. Lingual nerve is the branch of: 
a. Facial nerve 
b. Glossopharyngeal nerve 
c. Mandibular nerve 
d. Hypoglossal nerve 

9. Lingual nerve can be pressed against a bone inside 
the mouth near the roots of the: 
a. Third upper molar tooth 
b. Second upper molar tooth 
c. Third lower molar tooth 
d. First lower molar tooth 

10. Nerve piercing sphenomandibular ligament is: 
a. erve to mylohyoid 
b. Inferior alveolar 
c. Buccal 
d. Lingual 

ANSWERS 
1.d 2. c 3.a 4. b 5.d 6. a 7. b 8. c 9. c 10.a 
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Submandibular Region 

'Z,µ ;J l<AJ ,/,ml /M mot- le /r,/4,, ii loo Jt>uou.:;<y 
-George Bernard Shaw 

INTRODUCTION 
Submandibular region includes deeper structures in the 
area between the mandible and hyoid bone including 
the floor of the mouth and the root of the tongue. 

The submandibular region contains the suprahyoid 
muscles, submandibular and sublingual salivary glands 
and submandibular ganglion. Chorda tympani from 
facial nerve provides preganglionic secretomotor fi°!Jres 
to the glands. Chorda tympani also carries fibres of 
sensation of taste from anterior two-thirds of tongue 
except from the circumvallate papillae. Taste from the 
circumvalla te papillae is carried by the glosso-
pharyngeal nerve. 

SUPRAHYOID MUSCLES 

DISSECTION 
Cut the facial artery and vein present at the antero-
inferior angle of masseter muscle. Separate the origin 
of anterior belly of digastric muscle from the digastric 
fossa near the symphysis menti. Push the mandible 
upwards. Clean and expose the posterior belly of 
digastric muscle and its accompanying stylohyoid 
muscle. Identify the digastrics, stylohyoid, mylohyoid, 
geniohyoid, hyoglossus (refer to BOC App). 

Features 
The supra hyoid muscles are the digastric, the 
stylohyoid, the mylohyoid and the geniohyoid. The 
muscles are in following layers: 
1 First layer formed by digastric (Greek two bellies) and 

stylohyoid (Fig. 7.1). 
2 Second layer formed by mylohyoid (Greek pertaining 

to hyoid bone) (Fig. 7.2). 
3 Third layer formed by geniohyoid and hyoglossus 

(Fig. 7.4). 
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4 Fourth layer formed by genioglossus (Fig. 7.4). 
The muscles are described in Table 7.1. 

RELATIONS OF POSTERIOR BELLY OF DIGASTRIC 
Superficial 
1 Mas toid p rocess w ith the sternocleidomastoid, 

splenius capitis and the longissirnus capitis (Fig. 7.3, 
also see Fig. 5.4a). 

2 The stylohyoid. 
3 The parotid gland with retromandibular vein. 
4 Submandibular salivary gland (Fig. 7.3) and lymph 

nodes. 
5 Angle of the mandible with medial pterygoid. 

Deep 
1 Transverse process of the atlas with superior oblique 

and the rectus capitis lateralis. 
2 Internal carotid, external carotid, lingual, facial and 

occipital arteries 
3 Internal jugular vein. 
4 Vagus, accessory and hypoglossal cranial nerves 

(Fig. 7.3). 
5 The hyoglossus muscle. 

Upper Border 
1 The posterior auricular artery (see Fig. 4.14). 
2 The styloh yoid muscle. 

Lower Border 
Lower border is related to occipital artery (see Fig. 4.14). 

RELATIONS OF MYLOHYOID 
Superficial 
1 Anterior belly of digastric (Fig. 7.1) 
2 Superficial part of the submandibular salivary gland. 
3 Mylohyoid nerve and vessels. 
4 Submental branch of the facial artery. 



Muscle 
1. Oigastric (DG): It has 

two bellies united by 
an intermediate tendon 
(Figs 7.1 and 7.2) 

2. Stylohyoid (SH): Small 
muscle, lies on upper 
border of DGP 
(Fig. 7.2) 

3. Mylohyoid (MH): Flat, 
triangular muscle; two 
mylohyoids form floor 
of mouth cavity, deep 
to DGA (Figs 7.1 and 7.2) 

4. Geniohyoid (GH): 

Origin 
a. Anterior belly (DGA): 

From digastric fossa 
of mandible 

b. Posterior belly (DGP): 
From mastoid notch 
of temporal bone 

Posterior surface of 
styloid process 

Mylohyoid line of 
mandible (see Fig. 1.23) 

Inferior mental spine 
Short and narrow muscle; (genial tubercle) 
lies above medial part 
of MH (Fig. 7.4) 

5. Hyoglossus: It is a Whole length of greater 
muscle of tongue. It cornua and lateral part 
forms important land- of body of hyoid bone 
mark in this region (see Fig. 1.47) 
(Fig. 7.4) 

Head and Neck 

Table 7.1: Suprahyoid muscles 
Fibres 
a. Anterior belly runs 

downwards and 
backwards 

b. Posterior belly runs 
downwards and 
forwards 

Insertion 
Both heads meet at the 
intermediate tendon 
which perforates SH and 
is held by a fibrous 
pulley to the hyoid bone 

Tendon is perforated by Junction of body and 
DGP tendon greater cornua of hyoid 

bone (see Fig. 1.47) 

Fibres run medially and a. Posterior fibres: Body 
slightly downwards of hyoid bone 

(see Fig. 1.47) 
b. Middle and anterior 

fibres; median raphe, 
between mandible 
and hyoid bone 

Runs backwards and Anterior surface of body 
downwards of hyoid bone 

Fibres run upwards and Side of tongue between 
forwards styloglossus and inferior 

longitudinal muscle of 
tongue 

Ne,ve supply 
a. Anterior belly by 

nerve to mylohyoid 
b. Posterior belly by 

facial nerve 

Facial nerve 

Nerve to mylohyoid 

C1 through hypo-
glossal nerve 

Hypoglossal (XII) 
nerve 

Actions 
a. Depresses 

mandible when 
mouth is opened 
widely or against 
resistance; it is 
secondary to lateral 
pterygoid 

b. Elevates hyoid bone 

a. Pulls hyoid bone 
upwards and 
backwards 

b. With other hyoid 
muscles, it fixes the 
hyoid bone 

a. Elevates floor of 
mouth in first stage 
of deglutition 

b. Helps in depression 
of mandible, and 
elevation of hyoid 
bone 

a. Elevates hyoid bone 
b. May depress 

mandible when 
hyoid is fixed 

Depresses tongue 
makes dorsum convex, 
retracts the protruded 
tongue 
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Masseter muscle --------------

Marginal mandibular branch --- ------------. 
of facial nerve 

Submandibular gland ----
with lymph nodes ~ ,......~ ~ +---+--- Facial artery between 

the gland and angle of mandible 
Facial vein--- --

Hyoid bone----- +'<-._ __ _ 
Stylohyoid muscle--------------' 

Fig. 7.1: Relation of marginal mandibular branch of facial nerve to the submandibular gland and its lymph nodes 

Submandibular _ _,...,_ 
gland with 

lymph nodes 
Stylohyoid 

muscle 

~-- -Submandibular duct 

,--j.....,..>-- Mylohyoid 
muscle 

~ ---Digastric 
muscle 

'-------Hyoid bone 

Fig. 7.2: Mylohyoid muscle dividing the gland into two 
parts 

Deep 
1 Hyoglossus with its superficial relations, namely the 

styloglossus, the lingual nerve, the submandibular 
ganglion, the d eep pa rt of the submandibular 
salivary gland, the submandibular duct, the hypo-
glossal nerve, and the venae comitantes hypoglossi 
(Figs 7.2 and 7.4). 

2 The genioglossus w ith its superficial relations, 
namely the sublingual salivary g land, the lingual 
nerve, submandibular duct, the lingual artery, and 
the hypoglossal nerve (Fig. 7.4). 

RELATIONS OF HYOGLOSSUS 
Superficial 
Styloglossus, lingual nerve, submandibular ganglion, 
deep part of the submandibular gland, submandibular 
duct, hypoglossal nerve and veins accompanying it 
(Fig. 7.4). 

Deep 
1 Inierior longitudinal muscle of the tongue. 
2 Genioglossus. 
3 Middle constrictor of the pharynx. 
4 Glossopharyngeal nerve. 
5 Stylohyoid ligament. 
6 Lingual artery. 

Structures passing deep to posterior border of 
hyoglossus, from above downwards: 
1 Glossopharyngeal nerve. 
2 Stylohyoid ligament. 
3 Lingual artery (Fig. 7.4). 

SUBMANDIBULAR SALIVARY GLAND 

DISSECTION 
Submandibular gland is seen in the digastric triangle. 
On pushing the superficial part of the gland posteriorly, 
the entire mylohyoid muscle is exposed. The deep part 
of the gland lies on the superior surface of the muscle. 
Separate the facial artery from the deep surface of gland 
and identify its branches in neck. The hyoglossus 



muscle is recognised as a quadrilateral muscle lying 
on deeper plane than mylohyoid muscle. Identify lingual 
nerve with submandibular ganglion, and hypoglossal 
nerve running on the hyoglossus muscle from lateral 
to the medial side. Deep part of gland and its duct 
are also visible on this surface of hyoglossus muscle 
(Fig. 7.4). 

Carefully release the hyoglossus muscle from the 
hyoid bone and reflect it towards the tongue. Note the 
structures deep to the muscle, e.g. genioglossus 
muscle, lingual artery, vein and middle constrictor of 
the pharynx. 

Occipital artery 
Sternocleidomastoid _ _ _ , 

Splenius capitis --~ -
Longissimus capitis ---->,,~ ... 

Mastoid process---~._ 

Parotid gland ____ __.,_ 

Facial artery ------'~ IP.k: 

SUBMANDIBULAR REGION 

FEATURES 
Thjs is a large salivary gland, situated in the anterior 
par t of the digastric triangle. The gland is about the 
size of a walnut weighing about 15 to 20 g. It is roughly 
J-shaped, being indented by the posterior border of the 
mylohyoid whlch divides it into a larger part superficial 
to the muscle, and a small part lying deep to the muscle 
(Fig. 7.5). 

Coverings: The gland is partially enclosed between 
two layers of deep cervical fascia . The superficial 
(Fig. 7.6) layer of fascia covers the inferior surface of 
the gland and is attached to the base of the mandible. 

,--------Superior oblique muscle 

Rectus capitis lateralis 
~r.::,,--....-.,..... ____ Transverse process of atlas 

,----- Internal jugular vein .~~-

Posterior belly of digastric 

Fig. 7.3: Posterior belly of the digastric muscle, and structures related to it, seen from below 

Styloglossus 
/f"':'"5i~ - - Lingual nerve 

..----Stylohyoid ligament 
------Glossopharyngeal nerve 

~-----Hypoglossal nerve 
~------Hyoid bone 

--------Deep part of submandibular 
gland 

Fig. 7.4: Submandibula r region showing the superficial relations of the hyoglossus and genioglossus muscles, the deep part of 
submandibular gland also shown 
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Sublingual 
gland 

..&-___,...IJ--______ Deeppartof 
submandibular gland 

"---------Superificial part of 
submandibular gland 

Fig. 7.5: Horizontal section through the submandibular region 
showing the location of the submandibular and sublingual glands 

The deep layer covers the medial surface of the gland 
and is superiorly to the mylohyoid line of the mandible 
(Fig. 7.6). 

SUPERFICIAL PART 
This part of the gland fills the digastric triangle. It 
extends superiorly deep to the mandible up to the 
mylohyoid line. Inferiorly: It overlaps stylohyoid and 
the posterior belly of digastric (Figs 7.1 and 7.2). It has 
three surfaces: 
a. Inferior (Fig. 7.1) 
b. Lateral 
c. Med ial surfaces. 

Relations 
The inferior surface is covered by: 
a. Skin 
b. Platysma 

Mylohyoid line 

Submandibular 
gland ---1 of hyoid 

Superficial lamina of fascia 

/ <t,J,1--f--- Mandibular canal 
with inferior 
alveolar nerve 
and vessels 

Submandibular 
fossa 

Base of 
mandible 

Fig. 7.6: Fascia! coverings of the superficial part of the sub-
mandibular salivary gland 

c. Cervical branch of the facial nerve 
d. Deep fascia 
e. Facial vein (Fig. 7.7). 
f. SubmandibuJar lymph nodes (Fig. 7.1). 

The lateral surface is related to: 
a. The submandibular fossa on the mandible. 
b. Insertion of the medial pterygoid (Fig. 7.7). 
c. The facial artery (Figs 7.7 and 7.8). 

The medial surface is related to: 
Mylohyoid, hyoglossus and styloglossus muscles 

from before backwards (Fig. 7.8). 

DEEP PART 
This part is small in size. It lies deep to the mylohyoid, 
and superficial to the hyoglossus and the styloglossus 
(Fig. 7.4). Posteriorly, it is continuous with the super-
ficial part round the posterior border of the mylohyoid 
(Fig. 7.5). Anteriorly, it extends up to the posterior end 
of the sublingual gland. 

Relations 
Present in between mylohyoid and hyoglossus 
Laterally - Mylohyoid 
Medially - Hyoglossus 
Above - Lingual nerve with sub mandibular ganglion 
Below - Hypoglossal nerve 

SUBMANDIBULAR DUCT/WHARTON'S DUCT 
(ENGLISH SCIENTIST: 1614-73) 
It is thin walled, and is about 5 cm long. It emerges at 
the anterior end of the deep part of the gland and runs 
forwards on the hyoglossus, between the lingual and 
hypoglossal nerves. At the anterior border of the 
hyoglossus, the duct is crossed by the lingual nerve 
(Fig. 7.4). It opens on the floor of the mouth, on the 
summit of the sublingual papilla, at the side of the 
frenulwn of the tongue (see Fig. 17.2}. 

Blood Supply and Lymphatic Drainage 
The submandibular gland is supplied by the facial 
artery. 

The facial artery arises from the external carotid just 
above the tip of the greater comua of the hyoid bone. 

The cervical part of the facial artery runs upwards on 
the superior constrictor of pharynx deep to the posterior 
belly of the digastric, and stylohyoid to the ramus of 
the mandible. It grooves the posterior end of the 
submandibuJar salivary gland. ext the artery makes 
an S-bend (two loops) first winding down over the 
submandibular gland, and then up over the base of the 
mandible (Figs 7.7 and 7.8). Facial artery is palpable 
on the base of mandible at the anteroinferior angle of 
masseter muscle. 



\llllr--- - Anteroinferior 

Medial - __,...,., 
part of masseter 

pterygoid Facial artery 

Submandibular ----i~~~ 
gland Facial vein 

o"c:,c::s~o 
<>0 

\_ Investing fascia 

Fig. 7.7: Relationship of the facial vessels to the submandibular 
gland and to the mandible 

Skin---">:<::::===::::a_ 
Anterior belly of - --.<~ • 

digastric (1st layer) ~=--" 
Submandibular--#-~ 

gland 

Mylohyoid 
(2nd layer) 

Hyoglossus - ~~eZC+r-llT ..., ___ ---'Ilk"--- Submandibular 
(3rd layer) duct 

Facial artery -11-~ • Tongue 

Stylohyoid Pharynx 

The veins drain into the common facial or lingual 
vein. 

Lymph passes to submandibular lymph nodes. 

Nerve Supply 
It is supplied by branches from the submandibular 
ganglion. These branches convey: 
1 Secretomotor fibres (see Table A.2) 
2 Sensory fibres from the lingual nerve 
3 Vasomotor sympathetic fibres from the plexus on the 

facial artery. 
The secretomotor pathway is shown in Flowchart 7.1. 

SUBLINGUAL SALIVARY GLAND 
This is smallest of the three salivary glands. It is almond-
shaped and weighs about 3 to 4 g. It lies above the 
mylohyoid, below the mucosa of the floor of the mouth, 
medial to the sublingual fossa of the mandible and 
lateral to the genioglossus (Figs 7.2, 7.4 and 7.8). 

SUBMANDIBULAR REGION 

Flowchart 7.1: Secretomotor fibres to the glands 

Superior salivatory nucleus 

Nervus intermedius 

Facial nerve 

Chorda tympani 

Joins lingual nerve, branch of V3 

Submandibular ganglion 

l Relay 

Postganglionic fibres 

Submandibular and sublingual glands j 
Relations 
Front - Meets opposite side gland 
Behind - Comes in contact with deeper part of 

submandibular gland 
Above - Mucous membrane of mouth 
Below - Mylohyoid muscle 
Lateral - Sublingual fossa 
Medial - Genioglossus muscles (Fig. 7.8) 

About 15 ducts emerge from the gland. Most of them 
open directly into the floor of the mouth on the summit 
of the sublingual fold. A few of them join the sub-
mandibular duct (Fig. 17.2). 

The gland receives its blood supply from the lingual 
and submental arteries. The nerve supply is similar to 
that of the submandibular gland. 

SUBMANDIBULAR GANGLION 
This is a parasympathetic peripheral ganglion. It is a 
relay station for secretomotor fibres to the submandibular 
and sublingual salivary glands. Topographjcally, it is 
related to the lingual nerve, but functionally, it is 
connected to the chorda tympani branch of the facial 
nerve (see Table 1.3 and Flowchart 7.1). 

The fusiform ganglion lies on the hyoglossus muscle 
just above the deep part of the submandibular salivary 
gland, suspended from the lingual nerve by two roots 
(Fig. 7.9). 

CONNECTIONS AND BRANCHES 
1 The secretomotor fibres pass from the lingual nerve 

to the ganglion through the posterior root. These are 
parasympathetic preganglionic fibres that arise in the 
superior salivatory nucleus and pass through nervus 
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Tongue 

Postganglionic fibres to ---==-, 
sublingual gland 

Sympathetic fibres to ________ ..., 
sublingual gland 

Submandibular ----------
ganglion 

Facial nerve ... 
] Chorda tympani 

'------- Fibres carrying 
general sensations 

Preganglionic fibres 

Postganglionic sympathetic 
plexus of facial artery 

Fig. 7.9: Connection of the submandibular ganglion 

intermedius till the facial nerve, the chorda tympani 
and the lingual nerve to reach the ganglion for relay. 
Postganglionic fibres for the subrnandibular gland 
reach the gland through five or six branches from the 
ganglfon. Postganglionic fibres for the sublingual and 
anterior lingual glands re-enter the lingual nerve 
through the anterior root and travel to the gland through 
the distal part of the lingual nerve (Flowchart 7.1). 

2 The sympathetic fibres are derived from the plexus 
around the facial artery. It contains postganglionic 
fibres arising in the superior cervical ganglion. They 
pass through subrnandibular ganglion without relay, 
and supply vasomotor fibres to the submandibular 
and sublingual glands (Fig. 7.9). 

3 Sensory fibres reach the ganglion through the lingual 
nerve (Table 7.2). 

Parotid 
Table 7. 2: Comparison of the three salivary glands 

Submandibular Sublingual 
Location 

Size 
Relation to 
fascia 
Type of gland 

Gross features 

Secretomotor root 
Sympathetic root 

Sensory 
Development 
Opening or 
the duct 

In relation to external ear, 
angle of mandible, mastoid 
process (see Fig. 5.1) 
Largest 
Enclosed by investing 
layer of cervical fascia 
Purely serous secreting (Fig. 7.10) 

Comprises 3 surfaces, 
3 borders, apex and base 
one artery, one vein, one nerve 
and lymph nodes lie within 
the gland (see Chapter 5) 
From IX cranial nerve 
Plexus around middle 
meningeal artery 
Auriculotemporal 
Ectoderm 
Vestibule of mouth opposite 
2nd upper molar tooth (Fig. 5.7) 

Lies in submandibular fossa 
close to angle of mandible 
(Fig. 7.6) 
Medium sized 
Enclosed by investing 
layer of cervical fascia 
Mixed, both serous and 
mucus secreting (Fig. 7.11) 
Comprises 3 surfaces, 
inferior, lateral and medial. 
One artery which indents the 
posterior end of the gland. 
Only lymph nodes lie within it 
From VII cranial nerve 
Plexus around facial artery 

Lingual nerve 
Endoderm 
Papilla on in sublingual fold 
in the floor of the mouth 
(Fig. 17.2) 

Lies in sublingual Iossa on 
the base of the mandible 
(Fig. 7.2) 
Smallest 
Not enclosed 

Purely mucus secreting 
(Fig. 7.12) 
Related closely to lingual 
nerve and submandibular 
duct 

From VII cranial nerve 
Same as submandibular 
gland 
Lingual nerve 
Endoderm 
10-12 ducts open on 
sublingual fold in the floor 
of the mouth (Fig. 17.2) 



lnterlobular---1r:'¥:li;..,:;.~~;..=:.~~~~ 
connective tissue 

Serous acinus--'F--....,.l,::".1 

• Fig. 7.10: Histology of parotid gland 

Fig. 7.11 : Histology of submandibular gland 

Fig. 7.12: Histology of sublingual gland 

SUBMANDIBULAR REGION 

Duct 

Serous acini are small and round 
with basophilic stain 
Pyramidal cells line the acini 
Nuclei are round and basal 

Both serous acini and mucous acini 
seen 
Pyramidal cells line the acini 
Some mucous acini are covered by 
serous demilune 

Mucous acini are larger, light stained 
and variable in size 
Typical demilunes of Gianuzzi on 
one side of mucous acini 
Nuclei of mucous acini are flattened 
and peripheral 

I 
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CLINICAL ANATOMY 

• The chorda tympani supplying secretomotor 
fibres to submandibular and sublingual salivary 
glands lies medial to the spine of sphenoid (see 
Fig. 1.11 b ). The auriculotemporal nerve supplying 
secretomotor fibres to the parotid gland is related 
to lateral aspect of spine of sphenoid. Injury to 
spine may involve both these nerves with loss of 
secretion from aJI three salivary glands. 

• Submandibular lymph nodes lie both within and 
outside the submandibular salivary gland. The gland 
is to be removed if lymph nodes are affected in any 
disease especially carcinoma of tongue (Fig. 7.1). 

• Mylohyoid muscle divides the gland into superficial 
and deep parts (Fig. 7.5). Lymph nodes lie around 
and within the gland. Cancer of the tongue or of the 
gland may metastasise into the mandible also (Fig. 7.2). 

• The duct of submandibular gland may get impacted 
by a small stone, which can be demonstrated on 
radiographs. 

• Secretion of submandibular gland is more viscous, 
so there are more chances of the gland getting 
calculi or small stones. 

• Submandibular gland can be manually palpated 
by putting one finger within the mouth and one 
finger outside, in relation to the position of the 
gland (Fig. 7.13). The enlarged lymph nodes lying 
on the surface of the gland and within its sub-
stance can also be palpated. 

• Excision of the submandibular gland for calculus 
or tumour is done by an incision below the angle 
of the jaw. Since the marginal mandibular branch 
of the facial nerve passes posteroinferior to the 
angle of the jaw before crossing it, the incision 
must be placed more than 4 cm below the angle 
to preserve the nerve (Fig. 7.1). 

The nerve also passes across the lymph nodes 
of submandibular region. One should be careful 
of the nerve while doing biopsy of lymph node. 

r=il-+---'.-- Submandibular 
gland 

Fig. 7.13: Bimanual palpation of submandibular gland and 
lymph nodes 

• Chorda ty mpani nerve carries secretomo tor 
fibres to the submandibular ganglion. It also carries 
taste from most of the anterior two-thirds of the 
tongue. 

• The submandibular lymph nodes are also present 
in the submandibular gland. In cancer of the 
tongue, this gland is also excised to get rid off 
the lymph nodes with secondaries from the 
tongue. 

• Facial artery is tortuous to accommodate to the 
movements of pharynx. It is the chief artery of the 
palatine tonsil. 

• Suprahyoid muscles are disposed in four layers: 
1st layer: Digastrics and stylohyoid 
2nd layer: Mylohyoid 
3rd layer: Geniohyoid and hyoglossus 
4th layer: Genioglossus (Fig. 7.8) 

CLINICOANATOMICAL PROBLEM 

A patient is diagnosed with cancer of the tongue. 
The lesion was on the dorsum of tongue close to its 
lateral border. 

• Where does all the lymph from cancerous lesion 
drain? 

• Which other parts have be removed during the 
surgery to remove the lesion? 

Ans: The lymph from dorsum of tongue close to 
lateral border chiefly drains into the submandibular 
group of lymph nodes. Few lymph vessels may even 
cross the midline to drain into the opposite 
submandibular lymph nodes. 

These lymph nodes are present within and outside 
the submandibular salivary gland . So during 
removal of lymph nodes this salivary gland is also 
to be removed. 

The incision in the neck is to be placed about 4 cm 
below the angle of mandible, to p reserve the 
marginal mandibular branch of facial nerve as it 
passes posteroinferior to the angle of the jaw 
before crossing it. If this branch is injured muscles 
of lower lip would get paralysed (Fig. 7.1). 



SUBMANDIBULAR REGION 

FREQUENTLY ASKED QUESTIONS 

1. Describe the submandibular salivary gland under 
the following headings: 
a. Parts 
b. Relations 
c. Nerve supply 
d. Clinical anatomy 

2. Describe the attachments, nerve supply and actions 
of both bellies of digastric muscle. 

3. Write short notes on: 
a. Hyoglossus muscle 
b. Mylohyoid muscle 
c. Submandibular ganglion 

MULTIPLE CHOICE QUESTIONS 

1. One of the following s ta tements about chorda 
tympani nerve is not true: 
a. Branch of facial nerve 
b. Joins lingual nerve in infratemporal fossa 
c. Carries postgangHonic parasympathetic fibres 
d. Carries taste fibres from most of the anterior two-

thirds of tongue 
2. Nerve carrying preganglionic parasympathetic 

fibres to submandibular ganglion: 
a. Greater petrosal b. Lesser petrosal 
c. Deep petrosal d. Chorda tympani 

3. Which of the following nerves lies posteroinferior 
to angle of mandible? 
a. Zygomatic branch of facia l 
b. Buccal branch of facial 

c. Marginal mandibular branch of facial 
d . Cervical branch of facial 

4. Submandibular lymph nodes drain all of the 
following areas except: 
a. Lateral side of tongue 
b. External nose, upper lip 
c. Lateral halves of eyelids 
d . Medial halves of eyelids 

5. Which muscle divides the submandibular gland 
into a superficial and deep parts? 
a. Hyoglossus 
b. Mylohyoid 
c. Geniohyoid 
d. Anterior belly of digastric 

ANSWERS 
1.c 2. d 3.c 4. c 5. b 
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Structures in the Neck 
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INTRODUCTION 
The thyroid gland lies in front of the neck. Skin incision 
for its surgery should be horizontal, for better healing 
and for cosmetic reasons. Branches of subclavian artery 
anastomose with those of axillary artery around the 
scapula. 

Scalenus anterior is important. It may compress 
the subclavian artery to ca use "scalenus anterior 
syndrome". 

Lymph nodes are clinically important in deciding 
the prognosis and treatment of malignancies. 

Contents: There are numerous structures in the neck. 
For convenience, they may be grouped as follows: 

a. Gln11ds: Thyroid and parathyroid. 
b. Thymus: Involutes at puberty. 
c. Arteries: Subclavian and carotid. 
d. Veins: Subclavian, internal jugular and brachio-

cephalic. 
e. Nerves: Glossopharyngeal, vagus, accessory, 

hypoglossal described in Volume 4. 
f. Sympathetic trunk: It has three cervical ganglia. 
g. Lymph nodes and thoracic duct. 
h . Styloid apparatus. 

GLANDS 

DISSECTION 
Sternocleidomastoid muscle has already been reflected 
laterally from its origin. Cut the sternothyroid muscle 
near its origin and reflect it upwards. Clean the surface 
of trachea and identify inferior thyroid vein and remains 
of the thymus gland (darker in colour than fat). 

Isthmus of the thyroid gland lies on the 2nd-4th 
tracheal rings. Pyramidal lobe if present projects from 
the upper border of the isthmus. On each side of isthmus 
is the lateral lobe of the gland. Clean the lobes and 
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identify the vessels of thyroid gland. Identify the recurrent 
laryngeal nerves tucked between the lateral surfaces of 
trachea and oesophagus. Look for beaded thoracic duct 
present on the left of oesophagus. Trace the superior 
and inferior thyroid arteries. Identify cricothyroid and 
inferior constrictor muscles lying medial to the lobes of 
thyroid gland (Figs 8.1 to 8.6) (refer to BOC App). 

Thyroid gland 
Cut the isthmus of the thyroid gland and turn one of the 
lobes laterally. Locate an anastomosis between the 
posterior branch of superior thyroid and ascending 
branch of inferior thyroid arteries supplying the gland. 
Identify the two parathyroid glands just lateral to this 
anastomotic vessel (Figs 8.7 and 8.12). 

THYROID GLAND 
The thyroid (shield-like) is an endocrine gland with rich 
blood supply situated in the lower part of the front an d 
sides of the neck. It regulates the basal metabolic rate, 
stimulates somatic and psychic growth, and plays an 
important role in calcium metabolism. Since it is placed 
superficially it can easily be examined. This is the only 
gland using natural iodine for the synthesis of its 
hormones which are stored within the follicles to be 
used according to the needs of the body. 

The gland consists of right and left lobes that are 
joined to each other by the isthmus (Fig. 8.1). A third, 
pyramidal lobe, may project upwards from the isthmus 
(or from one of the lobes). Sometimes a fibrous or fibro-
muscular band (levator glandulae thyroidae) descends 
from the body of the hyoid bone to the isthmus or to 
the pyramidal lobe (Fig. 8.2). 

Situation and Extent 
1 The gland lies agains t vertebrae CS-C7 and Tl, 

embracing the upper part of the trachea (Fig. 8.2). 



Lobe of thyroid gland--~ 

Isthmus of thyroid gland- - -_,,, 
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~ -::~'......Jr.ll-'.1.--- - - Hyoid bone 

~ 'HM l---~ ---Thyroid cartilage 

J I Clavicle 

Trachea--------___, L_ Manubrium sterni 
Fig. 8.1: Position of thyroid gland 

Vertebral 
levels 
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thyroidea 

Thyroid cartilage 

'A +-- True capsule 

--IE'-"'-+\- Cricoid cartilage -~--1,-- Pyramidal lobe 
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'---- ~ - Cricotracheal membrane 
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False capsule 
,-....~ iiii-'~ -- Fourth tracheal ring 

"---------- Venous plexus 
Fig. 8.2: Scheme to show the location and subdivisions of the 
thyroid gland including the false capsule 

2 Each lobe extends from the middle of th yroid 
cartilage to the fourth or fifth tracheal ring. 

3 The isthmus extends from the second to the fourth 
tracheal ring. 

Dimensions and Weight 
Each lobe measures about 5 x 2.5 x 2.5 cm, and the 
isthmus 1.2 x 1.2 cm . On an average, the gland weighs 
about 25 g. H owever, it is la rger in females than in 
males, and further increases in size during menstrua-
tion and pregnancy. 

Capsules of Thyroid 
1 The true capsule is the peripheral condensation of the 

connective tissue of the gland. 
A dense capillary plexus is present deep to the true 
capsule. To avoid haemorrhage during operations, 

the thyroid is removed along with the true capsule. 
lt can be compared with the pros tate in which the 
venous plexus lies between the two capsules of the 
g land, and therefore, during p rosta tectomy both 
capsules are left behind (Figs 8.3a and b). 

2 The false capsule is derived from the pretracheal layer 
of the deep cervical fascia (Fig. 8.2). lt is thin along 
the posterior border of the lobes, but thick on the 
inner surface of the g land wh ere it form s a 
suspensory ligament (of Berry), which connects the 
lobe to the cricoid cartilage (Fig. 8.4). 

Thyroid False capsule 

-+- - Plane of cleavage 1----~------~'R 

(a) 

Prostate ~ ---False capsule -------------...... _. A tJ QD_p q) e---venous plexus 

(b) 

True capsule 

Plane of cleavage 

Figs 8.3a and b: Schemes of comparing the relationship of 
the venous plexuses related to: (a) The thyroid gland, and 
(b) the prostate, with the true and false capsules around these 
organs. Note the plane of cleavage along which the organ is 
separated from neighbouring structures during surgical removal 
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Fig. 8.4: Transverse section through the anterior part of the neck at the level of the isthmus of the thyroid gland 

Parts and Relations 
The lobes are conical in shape havin g: 
a. An apex 
b . A base 
c. Three surfaces: Lateral, m edial and posterolateral. 
d. Two borders: Anterior and pos terior. 

The apex is directed upwards and slightly laterally. 
It is limited superiorly by the attachment of the stemo-
thyroid muscle to the oblique line of thyroid ca rtilage 
wruch is medial to the apex. The apex is related to superior 
thyroid artery and the external laryngeal nerve (Fig. 8.5). 

The base is at level with the 4th or 5th tracheal ring. 
It is related to inferior thy roid artery and recurrent 
laryngeal nerve (Fig. 8.7). 

The lateral or superficial surface is convex, and is 
covered b y: 

a. The stem oh yoid 
b . The superior belly of omohyoid 
c. The stemothyroid 
d . The anterior border of the sternocleidomastoid 

(Fig. 8.4). 
The medial surface is related to: 
a. Two tubes, trachea and oesophagus 
b. Two muscles, inferior constrictor and cricothyroid 
c. Two nerves, external laryngeal and recurrent 

laryngeal (Fig. 8.5). 
The posterolateral or posterior surface is related to the 

carotid sheath and overlaps the common carotid a rtery 
(Fig. 8.4). 

The anterior border is thin and is related to the anterior 
b ranch of superior thyroid arte ry (Fig. 8.7). 

The posterior border is thick and rounded and separates 
the medial and posterior surfaces. It is related to: 

Superior laryngeal nerve and 
superior thyroid artery 

Internal laryngeal nerve and 
superior laryngeal artery 

Hyoid bone 

Thyrohyoid 
membrane 

Thyroid cartilage 

Cricothyroid 
muscle 

Cricoid cartilage 

External 
laryngeal 

Inferior constrictor 

OuUine of lobe 
of thyroid gland 

Outline of isthmus 
of thyroid gland 

_._-- Oesophagus 

Trachea - - S ~~lt---1-- - Recurrent 
laryngeal nerve 

Fig. 8.5: Deep relations of the thyroid gland 

a. Inferior thyroid artery. 
b . Anasto mosis between the poste ri or b ranch of 

superior and ascending branch of inferior thyroid 
arteries. 

c. Parathyroid glands. 
d. Thoracic duct only on the left s ide (Fig. 8.7). 
The isthmus connects the lower parts of the two lobes. 

It has: 
a. Two surfaces: Anterior and p osterior. 
b . Two borders: Superior and inferior. 



The anterior surface is covered by: 
a. The right and left stemothyroid and sternohyoid 

muscles. 
b. The anterior jugular veins. 
c. Fascia and skin (Fig. 8.4). 
The posterior swface is related to the second to fourth 

tracheal rings. 
The upper border is related to anterior branches of the 

right and left superior thyroid arteries (Fig. 8.6) which 
anastomose here. 

Lower border: Inferior thyroid veins leave the gland 
at this border (Fig. 8.8). 

Arterial Supply 
The thyroid gland is supplied by the superior and 
inferior thyroid arteries. 
1 The superior thyroid artery is the first anterior branch 

of the external carotid artery (Figs 8.6 and 8.7). It rw1s 
downwards and forwards in intimate relation to the 
external laryngeal nerve. After givin g branches to 
adjacent structures, the artery pierces the pretracheaJ 
fascia to reach the apex of the lobe where the nerve 
deviates medially. At the upper pole the artery 
divides into anterior and posterior branches. 
The anterior branch descends on the anterior border 
of the lobe and continues along the upper border of 
the isthmus to anastomose with its fellow of the 
opposite side. 
The posterior branch descends on the posterior border 
of the lobe and anastomoses with the ascending 
branch of inferior thyroid artery (Fig. 8.7). 

2 The inferior thyroid artery is a branch of thyrocervical 
trunk (which arises from the subclavian artery). 

Thyrohyoid membrane with---- --=-.-,---, 
internal laryngeal nerve and 

superior laryngeal artery 
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It runs first upwards, then media lly, and finally 
downwards to reach the base of the gland. During 
its course, it passes behind the carotid sheath and 
the middle cervical sympathetic ganglion; and in 
fron t of the vertebral vessels; and gives off branches 
to adjacent structures (see Fig. 9.5). 
Its terminal part is intimately related to the recurrent 
laryngeal nerve, while proximal part is away from 
the nerve. 
The artery divides into 4 to 5 glandular branches 
which pierce the fascia separately to reach the lower 
part of the gland. One ascending branch anastomoses 
with the pos terior branch of the superior thyroid 
artery and supplies the parathyroid glands. 

3 Sometimes (in 3% of individuals), the thyroid is also 
supplied by the lowest thyroid artery (thyroidea ima 
artery) which arises from the brachlocephalic trunk 
or directly from the arch of the aorta. It enters the 
lower part of the isthmus. 

4 Accessory thyroid arteries arising from trachea] and 
oesophageal arteries also supply the thyroid. 

Venous Drainage 
The thyroid is drained by the superior, middle and 
inferior thyroid veins. 

The superior thyroid vein emerges at the upper pole 
and accompanies the superior thyroid artery. It ends 
in the internal jugular vein (Fig. 8.8). 

The middle thyroid vein is a short, wide channel which 
emerges at the middle of the lobe and soon enters the 
internal jugular vein. 

The inferior thyroid veins emerge at the lower border 
of isthmus. They form a plexus in front of the trachea, 
and drain into the left brachiocephalic vein. 

!!i=------Superior thyroid arising from 
external carotid with external 
laryngeal nerve 

External laryngeal nerve----_j~ ~~,-•_1_~_,'1JN 
supplying cricothyroid muscle 

,---- Inferior thyroid artery 

Righi vagus nerve,------:::! 

Right recurrent laryngeal nerve---~ 

Brachiocephalic trunk-----

~-- Left subclavian artery 

- ----Left recurrent laryngeal nerve 
,._ _ ____ Left vagus nerve 

+-------Trachea 
--- ----Arch of aorta 

Fig. 8.6: Arterial supply of anterior aspect of thyroid gland 
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,,.-- - - ---Ascending branch of 
inferior thyroid artery 

_...,....,.,~-- Scalenus anterior 

J.al'L---Transverse cervical artery 

IHl!'IP--- Supra scapular artery 

Subclavian artery 

Fig. 8.7: Arterial supply of the surfaces of thyroid gland. Sites of ligatures of the superior and inferior thyroid arteries shown 

Superior thyroid vein------

Hyoid bone 
Superior laryngeal vein - -i-=~ cervical lymph 

nodes 

Inferior thyroid vein 

Left 
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Lower deep---~ 
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Manubrium - '---
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Middle thyroid 
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-r-4'----- Left internal 
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1st rib 
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Fig. 8.8: Venous drainage and lymphatic drainage of the thyroid 
gland (lateral view). Deep cervical lymph nodes also shown 

A fourth thyroid vein (Kocher) may emerge between 
the middle and inferior veins, and drain into the internal 
jugular vein. 
Lymphatic Drainage 
Lymph from the upper part of the gland reaches the upper 
deep cervical lymph nodes either dfrectly or through the 
prelaryngeal nodes. Lymph from the lower part of the 
gland drains to the lower deep cervical nodes directly, 
and also through the pretracheal and para tracheal nodes. 

Nerve Supply 
Nerves are derived mainly from the middle cervical 
ganglion and partly from the superior and inferior 
cervical ganglia. These are vasoconstrictor. 

HISTOLOGY 
The thyroid gland is made up of the following two types 
of secretory cells. 
1 Follicular cells lining the folUcles of the gland secrete 

tri-iodothyronin and tetraiodothyronin (thyroxin) 
which stimulate basal metabolic rate and somatic and 
psychic growth of the individual. During active 
phase, the lining of the follicles is columnar, while 
in resting phase, it is cuboidal. Follicles contain the 
colloid (the hormone) in their lumina (Fig. 8.9). 

_ __,..,,...___.,r-_ Colloid 
in thyroid 
follicle 

Cuboidal - ~ ..,...:,~-,.__....;:_~..;,:; 
cells 

Thyroid follicles lined by cuboldal to columnar cells 
containing colloid 

Scanty conneclive tissue with capillaries 

'C' cells in connective tissue 

Fig. 8.9: Histology of thyroid gland 



2 Parafollicular cells (C cells) are fewer and light cells. 
These lie in between the follicles. They secrete thyro-
calcitonin which promotes deposition of calcium 
salts in skeletal and other tissues, and tends to 
produce hypocalcaemia. These effects are opposite 
to those of parathormone. 

DEVELOPMENT 
The thyroid develops from a median endodermal thyroid 
diverticul11m which grows down in fron t of the neck 
from the floor of the primitive pharynx (foramen 
caecum), just caudal to the tuberculurn impar (Figs 8.10a 
to d). 

The lower end of the diverticulum enlarges to form 
the gland. The rest of the diverticulum remains narrow 
and is known as the thyroglossal duct. Most of the d uct 
soon disappears. The position of the upper end is 
marked by the forame11 caecum of the tongue, and the 
lower end often persists as the pyramidal lobe. The gland 
becomes functional durin g third month of deve-
lopment. 

Remnants of the thyroglossal duct m ay form 
thyroglossal cysts, or a thyroglossal fistula. Thyroid 
tissue may develop at abnormal sites along the course 
of the duct resulting in lingual or retrosterna l thyroids. 
Accessory thyroids may be present. 

Fifth arch has-- --, 
disappeared 

Sixth arch---~ 

Site of 
foramen 
caecum 

(b) 

~ yroglossal 

(c) 

- --~--Tracheal 
groove 

Thyroid developing 
from thyroglossal duct 

(d) 

Lateral 
thyroid 
from 4th 
pouch 

Figs 8.10a to d: Development of thyroid gland 

STRUCTURES IN THE NECK 

CLINICAL ANATOMY 

• Any swelling of the thyroid gland (goitre) should 
be palpated from behind (Fig. 8.11). 

• Removal of the thyroid (thyroidectomy) with true 
capsule may be necessa ry in hyperthyroidism. 

• In subtotal thyroidectomy, the posterior parts of 
both lobes are left behind. Thi.s avoids the risk of 
simultaneous removal of the parathyroids and 
also of postoperative myxoedema (caused by 
deficiency of thyroid hormones). 

• During thyroidectomy, the superior thyroid artery 
is liga ted near the gland to save the external 
laryngeal nerve; and the inferior thyroid artery is 
liga ted away from the gland to save the recurrent 
laryngeal nerve (Fig. 8.7). 

• Hypothyroidism causes cretinism in infants and 
myxoedema in adults. 

• Benign tumours of the gland may displace and 
even compress neighbouring structures, like the 
carotid sheath, the trachea, etc. Malignant growths 
tend to invade and erode neighbouring structures. 
Pressure symptoms and nerve involvements are 
common in carcinoma of the gland giving rise to 
dyspnoea, dysphagia and dysphonia. 

Fig. 8.11: Palpation of thyroid gland from behind 

PARATHYROID GLANDS 
Parathyroid glands are two pairs (superior and inferior) 
of small endocrine glands, that usually lie on the 
posterior border of the thyroid gland, within the false 
capsule (Figs 8.12a and b). The superior parathyroids are 
also referred to as parathyroid JV because they develop 
from the endoderm of the fourth pharyngeal pouch. The 
inferior parathyroids, similarly, are also called parathyroid 
lll because they develop from the third pouch. 
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The parathyroids secrete the hormone parathormone 
which controls the metabolism of calcium and 
phosphorus along with thyrocalcitonin. 

Each parathyroid gland is oval or lentiform in shape, 
measuring 6 x 4 x 2 mm (the size of a split pea). Each 
gland weighs about 50 mg. 

Position 
The anastomosis between the superior and inferior 
thyroid arteries is usually a good guide to the glands 
because they usually lie close to it (Fig. 8.12a). 

The superior parathyroid is more constant in position 
and usually lies at the middle of the posterior border 
of the lobe of the thyroid gland. It is usually dorsal to 
the recurrent laryngeal nerve. 

The inferior parathyroid is more variable in position. 
It may lie: 

a. Within the thyroid capsule, below the inferior 
thyroid artery and near the lower pole of the 
thyroid lobe (Fig. 8.12b). 

b. Beh ind and outside the thyroid capsule, 
immediately above the inferior thyroid artery. 

c. Within the substance of the lobe near its posterior 
border. It is usually ventral to the recurrent laryn-
geal nerve. 

Vascular Supply 
The parathyroid glands receive a rich blood supply 
from the inferior thyroid artery and from the anasto-
mos is between the superior and inferior thyro id 
arteries. The veins and lymphatics of the gland are 
associated with those of the thyroid and the thymus. 

Nerve Supply 
Vasomotor nerves are derived from the middle and 
superior cervical ganglia. Parathyroid activity is 
controlled by blood calcium levels; low levels stimulate 
and high levels inhibit the activity of the glands. 

HISTOLOGY 
The reticular tissue fo rms framework of the parathyroid 
gland. The parenchyma consists of principal cells and 
oxyphilic cells. Principal cells o r chief cells are ar ranged 
in sheets with numerous sinusoids and capi llari es 
traversing them. The principal cells are polygonal or 
round with a centrally placed vesicular nuclei and a 
pale staining acidophilic cytoplasm (Fig. 8.12c}. 

Oxyphilic cells are a few in number, occur singly or 
in small groups. These are larger than principal cells. 
They have d arkly s taining nuclei and strongly 
acidophilic cytoplasm. Oxyphilic cells are seen to 
increase with age. 

The principal or chief cells secrete parathormone 
responsible for maintaining the blood calcium level. 

Lobe of-----, 
thyroid gland 

Ascending ~ ~-'!l::::.......,~-f11•J 
branch of 

inferior thyroid 
artery 

·,;.,c;-+-- Inferior 
parathyroid 

(a) 

- --------Superior thyroid artery 

Posterior branch 
of superior thyroid 

Ascending branch--- ~ 
of inferior thyroid 

Principal ...-l~~@'~~tmt 
cells 

Principal cells 
Oxyphil cells 

(b) 
Inferior thyroid artery 

-+--Thyroid 
follicle 
with 
colloid 

(..),,'rr,r,:.,,.~4--Oxyphil 
cells 

Capsule separating the parathyroid from thyroid tissue 

(c) 

Figs 8.12a to c: Schemes to show the location of the parathyroid 
glands: (a) Transverse section through the left lobe of the thyroid 
gland, (b) posterior view of the left lobe of the thyroid gland, and 
(c) histology of the parathyroid gland 



CLINICAL ANATOMY 

• Tumours of the parathyroid glands lead to excessive 
secretion of parathormone (hyper-parathyroidism). 
This leads to increased removal of calcium from 
bone, making them weak and liable to fracture. 
Calcium levels in blood increase (hypercalcaemia) 
and increased urinary excretion of calcium can 
lead to the forma tion of s tones in the urinary tract. 

• Hypoparathyroidism may occur spontaneously or 
from accidental removal of the glands during thyroid-
ectomy. This results in hypocalcaemia leading to 
increased neuromuscular irritability causing mus-
cular spasm and convulsions (tetany) (Fig. 8.13). 

• Parathyroid glands are tough glands and will 
continue to function if these are transplanted from 
an excised thyroid gland into the sternocleido-
mastoid muscle. 

Fig. 8.13: Spasm in the hand due to tetany 

THYMUS 
The thymus (Greek thyme /en/) is an important lymphoid 
organ, situated in the anterior and superior mediastina 
of the thorax, extending above into the lower part of 
the neck. It is well developed a t birth, continues to grow 
up to puberty, and thereafter , undergoes gradual 
atrophy and replacement by fat. 

The thymus is a bilobed structure, made up of two 
pyramidal lobes of unequal size which are connected 
together by areolar tissue. 

Each lobe develops from the endoderm of the third 
pharyngeal pouch. It lies on the p ericardium, the g reat 
vessels of the superior mediastinum, and the trachea. 

The thymus weighs 10-15 g at birth, 30-40 g at puberty, 
and only 10 g after mid-adult life. Thus, after puberty, 
it becomes inconspicuous due to replacement by fat. 

STRUCTURIES IN THE NECK 

Blood Supply 
The thymus is supplied by branches from the internal 
thoracic and inferior thyroid arteries. Its veins drain 
into the left brachiocephalic, internal thoracic and 
inferior thyroid veins. 

Nerve Supply 
Vasomotor nerves are derived from the s tellate 
ganglion. The capsule is supplied by the phrenic nerve 
and by the descendens cervicafo:. 

HISTOLOGY OF THYMUS 
Thymus consists of a thin outer fibrous covering known 
as the capsule. From the capsule extend many thin 
connective tissue septa dividing it incompletely into 
various lobules. Each lobule has a peripheral darker 
cortex and a central lighter medulla. The interlobular 
septa a re partial and do not extend into the medulla, 
so that there is continuity of th,e medullary tissue of 
the various lobules (Fig. 8.14). 

Chief cells present in thymus a re: 
a. Thymic lymphocytes: These are situated in the 

interstices of the thymic reticulum and are immuno-
logically competent but uncommitted cells. 

b. Epithelial reticular cells: These are fla ttened cells 
with pale nuclei. Their processes branch and lie 
in apposition with the processes of the adjoining 
cells forming thin membrane. These reticular cells 
develop from the endoderm of third pharyngeal 
pouch. These cells secrete hormones, thymosin, 
thyrnopoietin, thy mulin and thymic humoral 
factor. These hormones are irequired for prolifera-
tion, differentiation, maturation of T 1 ymphocytes. 

Hassall's 
corpuscle 

Trabeculae only in cortical part with dark lymphocytes 

Medulla of adjacent lobules continuous and contains lighter 
re ticular cells 

Hassall's corpuscles made up of concentric lamellae of 
epithelial cells surrounding a hyaline mass 

Fig. 8.14: Histology of thymus 
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Functions 
1 The thymus controls lymphopoiesis, and maintains 

an effective pool of circulating ly mphocytes, 
competent to react to innumerable ant igenic 
stimuli. 

2 It controls development of the peripheral lymphoid 
tissues of the body during the neonatal period. By 
puberty, the main ly mphoid tissues are fully 
developed. 

3 The cortical lymphocytes of the thymus arise from 
stem cells of bone marrow origin. Most (95%) of the 
ly mp hocytes (T lymphocytes) produced are 
autoallergic (act against the host or 'self' antigens), 
short-lived (3-5 days) and never move out of the 
organ. They are destroyed within the thymus by 
phagocytes. Their remnants are seen as Hassall's 
corpuscles. 
The remaining 5% of the T lymphocytes are long-
lived (3 months or more), and move out of the 
thymus to join the circulating pool of lymphocytes 
where they act as immunologically competent but 
uncommitted cells, i.e. they can react to any un-
familiar, new antigen. On the other hand, the other 
circulating lymphocytes (from lymph nodes, spleen, 
e tc.) are committed cells, i.e. they can mount an 
immtme response only when exposed to a particular 
antigen. Thymic lymphopoiesis, lympholysis and 
involution are all intrinsicaUy controlled. 

4 The medullary epithelial cells of the thymus are 
thought to secrete: 
a. Lymphopoietin, which s timulates lymphocy te 

production both in the cortex of the thymus and 
in peripheral lymphoid organs. 

b. The competence-inducing factor, which may be 
responsible for making new lymphocytes compe-
tent to react to antigenic stimuli. 

5 Normally there are no germinal centres in the thymic 
cortex. Such centres appear in autoimmune diseases. 
This may indicate a defect in the normal function of 
the thymus. 

DEVELOPMENT OF THYMUS AND PARATHYROIDS 

Development of Thymus 
• Thymus develops from the endoderm of the ventral 

wing of the third pharyngeal pouch and from the 
mesenchyme into which the epithelial tubes grow. 

• The bila teral primordia of the thymus lose their 
connections with the pharyngeal wall, come together 
in the median plane to form bilobed structure which 
migrates into the superior mediastinum part of the 
thoracic cavity. 

• Thymus continues to grow after birth till puberty, 
after w hich i t begins to undergo involution. 

Consequently, it is difficulty to recognize in old age, 
as it is atrophied and replaced by fatty tissue. 

Development of Parathyroid Glands 
Inferior parathyroid glands are derived from the dorsal 
wing of the third pharyngeal pouch. 
• Primordia of the inferior parathyroids along with 

primordia of thymus lose their connection with the 
pharyngeal wall. 

• The downwards migrating thymus also pulls the 
inferior parathyroids with it, which finally come to 
rest on the inferior part of dorsal surface of the thyroid 
gland. 

Superior parathyroid glands are derived from the 
endoderm of 4th pharyngeal pouch. 
• The prim.ordia of superior parathyroid glands, after 

loosing connection with the pharyngeal wall, come 
to rest on the superior part of dorsal surface of the 
thyroid gland. 

• As mentioned above, because of dow nwards 
migration with the thymus, the parathyroid glands 
derived from 3rd pouch become inferiorly located 
as compared to those derived from the 4th pouch. 

CLINICAL ANATOMY 

• Involution of the thymus is enhanced by hyper-
trophy of the adrenal cortex, injection of cortisone 
or of androgenic hormone. The involution is 
delayed by castration and adrenalectomy. 

• Thymic h yperplasia or tumours are often 
associated with myasthenia gravis, characterized 
by excessive fatigability of voluntary muscles. 
The precise role of the thymus in this disease is 
uncertain; it may influence, directly or indirectly, 
the transmission at the neuromuscular junction. 
Figure 8.15 shows drooping of eyelids. 

• Th ymic tumours may p ress on the trachea, 
oesophagus and the large veins of the neck, causing 
hoarseness, cough, dysphagia and cyanosis. 

Fig. 8.15: Myasthenia gravis 



BLOOD VESSELS OF THE NECK 

DISSECTION 
Identify scalenus anterior muscle in the anteroinferior 
part of the neck. Subclavian artery gets divided into 
three parts by this muscle. Identify vertebral, internal 
thoracic artery and the thyrocervical trunk with its 
branches arising from the first part of the artery, 
costocervical arising from second part and either dorsal 
scapular or none from the third part. 

SUBCLAVIAN ARTERY 

This is the principal artery which continues as axillary 
artery for the upper limb. It also supplies a considerable 
part of the neck and brain through its branches (Fig. 8.16). 

Origin 
On the right side, it is branch of the brachiocephalic 
artery. It arises posterior to the sternoclavicular joint. 
On the left side, it is a branch of the arch of the aorta. It 
asce nds an d enters the neck posterior to th e left 
sternoclavicular joint. Both arteries pursue a similar 
course in the neck (Fig. 8.17). 

Course 
1 Each artery arches laterally from the sternoclavicular 

joint to the ou ter border of the firs t rib where it 
ends by becoming continuous with the axillary artery 
(Fig. 8.17). 

2 The scalen us anterior muscle crosses the artery 
anteriorly and divides it into three parts. The first 
part is medial, the second part posterior, and the 
third part lateral to scalenus anterior. 

External - --+~--½~~ n ~----,F- Internal 
carotid carotid 

~ ;;:;::;======-- Hyoid bone 

..,._ ____ Thyroid cartilage 

-----t.-::.-::=. _____ Subclavian 

Fig. 8.16: Origin and course of the subclavian arteries 

STRUCTURES IN THE NECK 1.J 
\\\\'\I---- Scalenus 

anterior 

~--~-~ I---'~+-- Right and 

Axillary 
artery 

Right 
subclavian 

artery 

Brachiocephahc 

left common 
carotid 

Left 
subclavian 

Fig. 8.17: Course of subclavian and carotid arteries 

Relations of the First Part 
Anterior 
Immediate relations from medial to lateral side are: 
1 Common ca rotid artery 
2 Vagus 
3 Internal jugular vein 
4 The sternothyroid and the sternohyoid muscles 
5 Sternocleidomastoid. 

Posterior (Posteroinferior) 
1 Supra.pleural membrane 
2 Cervical pleura 
3 Apex of lung (Fig. 8.18). 

Relations of the Second Part 
Anterior 
1 Scalenus anterior 
2 Righ t phrenic nerve deep to the prevertebral fascia 
3 Sternocleidomastoid. 

Posterior (Posleroinferior) 
1 Supra.pleural membrane 
2 Cervical pleura 
3 Apex of lung. 

Subclavian 
artery 

---.-er-~ Ansa subclavia 

Scalenus 
medius 

'--'1--+-- Suprapleural 
membrane 
Cervical pleura 

--+-t--Apical part 
of lung 

Fig. 8.18: Schematic transverse section through the lower part 
of neck to show the relations of the left subclavian artery 
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Costocervical trunk ---------, 

.--~-----Superior intercostal 

Thyrocervical trunk ,__ ___ Neck of first rib 

1---- Second rib 

-----Second posterior intercostal 

.______.___. _ _____ Apex of lung 

Fig. 8.19: Branches of the subclavian artery. Note that the branches actually arise at different levels, but are shown at one level 
schematically 

Superior 
Upper and middle trunks of the brachia! plexus. 

Relations of the Third Part 
Anterior 
1 Middle one-third of the clavicle 
2 The posterior border of the stemocleidomastoid. 

Posterior (Posterolnferior) 
1 Scalenus medius 
2 Lower trunk of brachial plexus 
3 Suprapleural membrane 
4 Cervical pleura 
5 Apex of lung. 

Superior 
Upper and middle trunks of brachia! plexus. 

Inferior 
First rib (Fig. 8.19). 

Branches 
From the first part 
1 Vertebral artery (Fig. 8.19). 
2 Internal thoracic artery. 
3 Thyrocervical trunk, which divides into three branches: 

a. Inferior thyroid (Fig. 8.20). 
b. Suprascapular. 
c. Transverse cervical arteries. 

4 Costocervical trunk, which divides into two branches: 
a. Superior intercostal. 
b. Deep cervical arteries. 
This artery comes from second part on the right side. 

From the third part 
Dorsal scapular artery-occasionally. 

----Scalenus anterior 

Right common carotid 

Subclavian artery 

.--- Brachiocephalic 

Fig. 8.20: Branches of the right subclavian artery 

Vertebral Artery 
Vertebral artery is the first and largest branch of the 
firs t part of the subclavian artery. It runs a long course 
and ends in the cranial cavity by supplying the brain. 

It is divided into four parts. The first part extends 
from its origin to the fora.men tran sversarium of the 
sixth cervical vertebra (see Fig. 9.2). This part runs 
upwards and backwards into the angle between the 
scalenus anterior and the longus colli muscles, behind 
the common carotid artery, the vertebral vein and the 
inferior thyroid artery (see Fig. 9.5). DetaHs of all the 
fo ur parts are d escribed in the sec tion on the 
prevertebral region (see Chapter 9). 

Internal Thoracic Artery 
Internal thoracic artery arises from the inferior aspect 
of the first part of the subclavian artery opposite the 



origin of the thyrocervical trunk. The origin lies near 
the medial border of the scalenus anterior (Fig . 8.20). 
The artery runs downwards and medially in front of 
the cervical pleura. Anteriorly, the artery is related to 
the sternal end of the clavicle. The artery enters the 
thorax by passing behind the first costal cartilage. It 
runs till 6th intercostal space w here it ends by dividing 
into superior epigastric and musculophrenic arteries. 
For course of the artery in the thorax see Chapter 14, 
Volume 1. 

Thyrocervica/ Trunk 
Thyrocervical trunk is a short, wide vessel which 
arises from the front of the firs t part of the subclavian 
artery, close to the medial border of the scalenus 
anterior, and between the phrenic and vagus nerves. It 
almost immediately divides into the inferior thyroid, 
suprascapular and transverse cervical arteries (Figs 8.19 
and 8.20). 

The inferior thyroid arten; is described with the thyroid 
gland. In addition to glandular branches to the thyroid, 
it gives: 

a. The ascending cervical artery which runs upwards 
in front of the transverse processes of cervical 
vertebrae. 

b. The inferior laryngeal artery which accompanies 
the recurrent laryngeal nerve, and enters the 
larynx deep to the lower border o f the inferior 
constrictor (Fig. 8.7). 

c. Other branches which supply the pharynx, the 
trachea, the oesophagus and surrounding muscles. 

The suprascnpular artery runs laterally and down-
wards, and crosses the scalenus anterior and the phrenic 
nerve. 

It l ies beh ind the internal jugular vein and the 
sternocleidomastoid. It then crosses the trunks of the 
brachia! plexus and runs in the posterior triangle, 
beh ind a nd parallel with the clavicle, to reach the 
superior border of the scapu la (see Fig. 3.9). 

It crosses above the suprascapular ligament and takes 
part in the anastomoses around the scapula (see Chapter 6, 
Volume 1). In addition to branches to surrounding 
muscles, the artery also supplies the clavicle, scapula, 
shoulder and acromioclavicular joints. 

The transverse cervical artery runs laterally above the 
suprascapular artery (see Fig. 3.9). 

It crosses the scalenus anterior and the phrenic nerve 
passing behind the internal jugu lar vein and the 
s ternocleidomastoid. 

It then crosses the brachia] plexus and the floor of 
the posterior triangle to reach the anterior border of 
trapezius, where it divides into a superficial and deep 
branches. The superficial branch accompanies the spinal 
root of accessory nerve till the lower end of the muscle. 

STRUCTURES IN THE NECK 

The deep branch passes deep to levator scapulae and 
takes part in the anastomoses arow1d the scapula (see 
Chapter 6, Volume 1). 

Sometimes the two branches may arise separa tely; 
the superficial from thyrocervical trunk and the deep 
from the third part of subclavian artery. Then these are 
named as superficial cer vical and dorsal scapula r 
arteries. 

Dorsal Scapular Artery 
This artery occasionally arises from the third part of 
subclavian artery. If transverse cervical does not divide 
into superficial and deep branches but continues as 
superficial branch, the distribution of deep branch is 
taken over by dorsal scapular artery. 

Costocervical Trunk 
Costocervical trunk arises from the posterior surface 
of the second part of the subclavian artery on the right 
side; but from the first part of the artery on the left side. 
It arches backwards over the cervica l pleura, and 
divides into the descending superior intercosta l and 
ascending deep cervical arteries at the neck of the first 
rib (Fig. 8.19). 

The superior intercostal artery descends in front of the 
neck of the first rib, and divides into the first and second 
posterior intercosta l arteries. 

The deep cervical artery is analogous to the posterior 
branch of a posterior intercostal artery. It passes 
backwards between the transverse p rocess of the 7th 
cervical vertebra and the neck of the first rib. It then 
ascends between the semispinalis capitis and cerv icis 
up to the axis ve rtebra. It anastomoses with the occipital 
and vertebral arteries. 

CLINICAL ANATOMY 

• The third part of the subclav ian a rtery can be 
effectively compressed against the first rib after 
depressing the shoulder. The pressure is applied 
downwards, backwards, and medially in the angle 
between the stemocleidomastoid and the clavicle. 

• A cervical rib may compress the subdavian artery, 
diminishing the radial pulse (Fig. 8.21). 

• The right subclavian artery may arise from the 
descending thoracic aorta. In that case, it passes 
pos terior to the oesophagus w hich m ay be 
compressed and the condition is known as 
(dysphagia lusoria). 

• An aneurysm may form in the third part of the 
subclavian artery. Its pressure on the brachia! 
plexus causes pain, weakness, and numbness in 
the upper limb. 
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• Obstruction to the subclavian artery proximal to 
the origin of vertebral artery may lead to "stealing 
of blood from the brain through the opposite verte-
bral artery. This may provide necessary blood to 
the affected side. The nervous symptoms incurred 
are called "subclavian steal syndrome" (Fig. 8.22). 

Qf~ ~ ~ ::------- Cervical rib 
pressing on the 
subclavian 
artery 

-------- Narrowed axillary 
artery 

Fig. 8.21 : The cervical rib pressing on the subclavian artery 
narrowing the axillary artery and diminishing the radial pulse 

1-t------Basilar artery 

.-F---Blocked 
subclavian artery 

Fig. 8.22: Subclavian steal syndrome 

COMMON CAROTID ARTERY 

DISSECTION 
The common carotid artery has been exposed in the 
carotid triangle. Clean it in its entire course. Identify 
the internal carotid artery and trace it till it leaves the 
neck. 

Veins 
Identify the tributaries of subclavian, internal jugular and 
brachiocephalic veins. 

Features 
The origin and course of the common carotid arteries 
has been described in Chapter 4. The common carotid 
artery is enclosed in the carotid sheath. 

Course 
Common carotid artery begins in the thorax in front of 
the trachea opposite a point a little to the left of the 
centre of the manubrium . It ascends to the back of left 
sternoclavicular joint and enters the neck. 

In the neck, both arteries have a similar course. Each 
artery runs upwards w ithin the carotid sheath, under 
cover of the anterior border of the sternocleidomastoid. 
It lies in fron t of the lower four cervical transverse 
processes. At the level of the upper border of the thyroid 
cartilage, the artery ends by d ividing into the external 
and internal carotid arteries. 

Relations of the Artery in the Neck 
Anterior Relations 
1 The common carotid artery is crossed by the superior 

belly of omohyoid at the level of cricoid cartilage 
(see Fig. 4.14). 

2 Below the omohyoid, the artery is deeply situated, 
and is covered by: 
a. The sternocleidomastoid 
b. The anterior jugular vein 
c. The sternohyoid 
d. The sternothyroid and the middle thyroid vein . 

Posterior Relations 
1 Transverse process of vertebrae C4-8, and the 

muscles attached to their anterior tubercles (longus 
colli, longus capitis, scalenus anterior). 

2 The inferior thyroid artery crosses medially at the 
level of the cricoid cartilage. 

3 Vertebral artery (Fig. 8.23). 
4 On the left side the thoracic d uct crosses laterally 

behind the ar tery at the level of vertebra C7, in front 
of the vertebral vessels. 

Medial Relations 
1 Thyroid gland 
2 Larynx and pharynx; trachea, oesophagus and 

recurrent laryngeal nerve (Fig. 8.5) . 
Lateral Relation 
Internal jugular vein. 
Posterolaferal Relation 
Vagus nerve (Fig. 8.4). 



-----Prevertebral fascia 
process of C4 

H---- Longus colli 

!ol---l~--iH~---Sympathetic trunk 
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--------- Middle cervical ganglion 
- - ---Vertebral artery 

>-----Transverse process of C7 
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'-----Thoracic duct 

----=-- ----Ansa subclavia 
Fig. 8.23: Schematic sagittal section showing posterior relations 
of the common carotid artery 

CLINICAL ANATOMY 

The pulsation of common carotid artery can be felt 
by compressing again st the carotid tubercle, i.e. the 
anterior tubercle of the transverse process of vertebra 
C6 which lies a t the level of the cricoid cartilage. 

INTERNAL CAROTID ARTERY 

The internal carotid artery is one of the two terminal 
branches of the common ca rotid artery. It begins a t the 
level of the upper border of the thyroid ca rtilage 
opposite the disc between the third and fourth cervical 
ver tebrae, and ends ins ide the crania l cavity b y 
supplying the brain. This is the principal artery of the 
brain and the eye. It also supplies the rela ted bones and 
meninges. 

For con venience of description, the course of the 
ar tery is d ivided into four parts: 

a. Cervical part, in the neck 
b. Petrous part, within the petrous temporal bone 

(see Fig. 12.16) 
c. Cavernous part, within the cavernous sinus 
d. Cerebral part in rela tion to base of the brain. 

Cervical Part 
1 It ascends vertically in the neck from its origin to the 

base of the skull to reach the lower end of the carotid 
canal. This part is enclosed in the carotid shea th (with 
the internal jugular vein and the vagus). 

2 No b ranches arise from the internal ca rotid artery in 
the neck. 

3 Its initial part usually shows a dilatation, the carotid 
sinus which acts as a baroreceptor (see Fig. 4.14). 
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4 The lower part of the artery (in the carotid triangle) 

is comparatively superficial. The upper part, above 
the posterior belly of digastric, is deep to the paro tid 
gland, the styloid apparatus, and many o ther struc-
tures. 

Relations 
Anterior or superficial 
1 In the carotid triangle: 

a. Anterior border of sternocleidomastoid 
b. The external carotid artery is anteromedial to it 

(Fig. 8.16). 
2 Above the carotid triangle (Fig. 8.23): 

a. Posterior belly of digastric 
b. Stylohyoid 
c. Stylopharyngeus 
d. Styloid process 
e. Parotid g land with structures within it. 

Posterior 
1 Supe1ior cervical ganglion 
2 Carotid sheath 
3 The glossopharyngeal, vagus, accessory and hyp o-

glossal nerves at the base of the skull. 

Medial 
1 Pharynx 
2 The external carotid is anteromedial to it below the 

parotid. 

Lateral 
1 Internal jugular vein 
2 Temporomandibular joint (at the base of the skull). 

Petrous Part 
1 In the carotid canal, the artery first runs upwards, 

and then turns forwards and medially at right angles. 
It emerges a t the apex of the petrous temporal bone, 
in the posterior wall of the fora men lacerum where 
it turns upwards and medially. 

2 Relations: The artery is surrounded by venous and 
sympathetic plexuses. It is related to the middle ear 
and the cochlea (posterosu pe-riorly); the auditory 
tube and tensor tympani (anterolaterally); and the 
trigeminal ganglion (superiorly) (see Fig. 12.14). 

3 Branches: 
a. Cnroticotympanic branches enter the middle ear, 

and anastomose with the anterior and posterior 
tympanic arteries (see Fig. 12.16). 

b. The pterygoid branch (small and inconstant) enters 
U1e pterygoid canal with th•~ nerve of that canal 
and anastomoses with the greater p alatine artery. 
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Internal carotid ------,. 

Auditory tube---~ 

Tensor veli palatini ----
Parotid gland ---1&_~ 

Styloid process-__,....,...,.. 

Stylopharyngeus - -+-~, 
Pharyngeal branch of vagus __ .,.__ ...,..~ 

External carotid---------. 
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Fig. 8.24: Schematic sagittal section showing the anterior and posterior relations of the internal carotid artery 

Cavernous and Cerebral Parts of Internal 
Carotid Artery 
Cavernous part runs in the cavernous sinus (see Fig.12.6). 
Cerebral part lies at base of skull and gives ophthalmic, 
anterior cerebral, middle cerebral, posterior communicat-
ing and anterior choroidal arteries (see Volume 4). 

SUBCLAVIAN VEIN 
Course 
It is a continuation of the axillary vein. It begins at the 
outer border of the first rib, and ends at the medial 
border of the scalenus anterior by joining the internal 
jugular vein to form the brachiocephalic vein. 

It lies: 
a. In front of the subclavian artery, the scalenus 

anterior and the right phrenic nerve 
b. Behind the clavicle and the subclavius 
c. Above the first rib and pleura. 
Its tributaries are: 
a. The external jugular vein (Fig. 8.25) 
b . The dorsal scapular vein 
c. The thoracic duct on the left side 
d. The right lymphatic duct on the right side. 

INTERNAL JUGULAR VEIN 
Course 
1 It is a direct continuation of the sigmoid sinus. It 

begins at the jugular foramen, and ends behind the 
sternal end of the clavicle by joining the subclavian 
vein to form the brachiocephalic vein. 

2 The origin is marked by a dilation, the superior bulb 
which lies in the jugular fossa of the temporal bone, 

beneath the floor of the middle ear cavity. The 
terminatio111 of the vein is marked by the inferior bulb 
which lies beneath the lesser supraclavicular fossa. 

Relations 
Superftcinl 
1 Sternocleidomastoid 
2 Posterior belly of digastric 
3 Superior belly of omohyoid 
4 Parotid gland 
5 Styloid process 
6 The internal carotid artery, and the glossopharyn-

geal, vagus, accessory and hypoglossal cranial nerves 
(at the basie of skull). 

Posterior 
1 Transverse process of atlas 
2 Cervical p lexus 
3 Scalenus anterior 
4 First part of subclavian artery. 

Medin/ 
1 Internal carotid artery 
2 Common c:arotid artery 
3 Vagus nerve. 

Tributaries 
1 Inferior petrosal sinus 
2 Common facial vein 
3 Lingual vein 
4 Pharyngeal veins 
5 Superior thyroid vein 
6 Middle thyroid vein (Fig. 8.25). 
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-11-J!#Jl!:S~l!!:..._- Inferior bulb of internal jugular vein 

\3<-::1-----=-"11---Vertebral 

First, second and 
third posterior intercostal veins 

L___ _____ Left superior intercostal vein 
L___ ________ Left brachiocephalic 

Fig. 8.25: The veins of the neck 

The thoracic duct opens into the angle of union 
between the left internal jugular vein and the left sub-
clavian vein. The right lymphatic duct opens simiJarly 
on the right side. 

Tn the middle of the neck, the internal jugular vein 
may communicate with th e externa l jugular vein 
through the oblique jugular vein which runs across the 
anterior border of the stem ocleidomastoid. 

CLINICAL ANATOMY 

• Deep to the lesser supraclav icular fossa, the 
internal jugular vein is easily accessible for 
recording of venous p ulse tracings. The vein can 
be cannulated by direct puncture in the interval 
be tween s te rnal and clavicul ar h ead s of 
stemocleidomastoid muscle. 

• In congestive card iac failure or any other d isease 
where venous pressure is ra ised, the internal 
jugular vein is markedly diJated and engorged. 

BRACHIOCEPHALIC VEIN 

1 The right brachiocephalic vein (2.5 cm long) is shorter 
than the left (6 cm long) (Fig. 8.25) . 

2 Each vein is formed behind the stemoclavicular joint, 
by the union of the internal jugular vein and the 
subclavian vein. 

3 The right vein runs vertically downwards. The left 
vein runs obliquely downwards and to the right 

behind the upper half of the manubrium stemi. The 
two brachiocephalic veins unite at the lower border 
of the right first costal cartilage to form the superior 
vena cava. 

4 The tributaries correspond to the bran ches of the first 
part of the subclavian artery. These are as follows: 

Right Brachiocephalic 
a. Vertebral 
b. Internal thoracic 
c. Inferior thyroid 
d . First posterior intercostal. 

Left Brachiocephalic 
a. Vertebral (Fig. 8.25) 
b. Internal thoracic 
c. Inferior thyroid 
d . First posterior intercostal. 
e. Left superior intercostal. 
f. Thymic and pericardia) veins. 

CERVICAL PART OF SYMPATHETIC TRUNK 

DISSECTION 
The course of IX-XII cranial nerves has been seen 
in different chapters. Now trace these nerves and 
their branches. Read their course and branches in 
Chapter 4 of Volume 4. 
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Sympathetic Trunk 
The sympathetic trunk has been identified as lying 
posteromedial to the carotid sheath. Trace it upwards 
and downwards and locate the three ceNical ganglia. 

Dissect the formation and branches of the ceNical 
plexus. Identify the phrenic neNe on the surface of 
scalenus anterior muscle behind the prevertebral fascia. 

Features 
The cervical parts of the right and left sympathetic 
trunks are situated one on each side of the cervical part 
of the vertebral column, behind the carotid shea th 
(common carotid and internal carotid arteries) and in 
front of the prevertebral fascia. 

FORMATION 
There are no white rami communicans (i.e. incoming root) 
in the neck and this part of the trunk is formed by fibres 
which emerge from segments Tl to T4 of the spinal 
cord, and then ascend into the neck (Fig. 8.26). Grey 
rami communicans (i.e. outgoing roots) are present. 

RELATIONS 
Anterior 
a. Internal carotid artery 
b. Common carotid artery 
c. Carotid sheath (Fig. 8.4) 
d . Inferior thyroid artery. 

-

Posterior 
a. Prevertebral fascia 
b. Longus capitis and cervicis muscles 
c. Transverse processes of the lower six cervica l 

vertebrae. 

GANGLIA 
Theoretically there should be eight sympathetic ganglia 
corresponding to the eight cervical nerves, but due to 
fusion there are only three ganglia, superior, middle 
and inferior. 

Superior Cervical Ganglion 
Size and Shape 
This is the largest of the three ganglia. It is spindle-
shaped, and about 2.5 cm long (Fig. 8.26). 

Situation and Formation 
It lies just below the skull, opposite the second and third 
cervical vertebrae, behind the carotid sheath and in 
front of the prevertebral fascia (longus capitis). It is 
formed by fusion of the upper 4 cervical ganglia. 

Communications. With cranial nerves IX, X and XII, 
and with the external and recurrent laryngeal nerves. 

Branches 
1 Grey rami communicans pass to the ventral rami of 

upper four cervical nerves (Fig. 8.26). 
2 The internal carotid nerve arises from the upper end 

of the ganglion and forms a plexus around the 

~ -~-----,JI----------Pharynx and pharyngeal 

Subclavian artery ---,ff 

Ansa subclavia --""----:--:::: 

Middle and inferior -------....L....-' 
cardiac branches 

branch 

.....:;;;;=-~ ~ --- Inferior cervical ganglion 
(stellate ganglion) 

Deep cardiac plexus 

Fig. 8.26: The cervical sympathetic trunks and their branches 



internal carotid artery. A part of this plexus supplies 
the dilator pupillae (see Chapter 19). Some of these 
fibres form the deep petrosal nerve for pterygo-
palatine ganglion; others g ive fibres along long 
ciliary nerve for the ciliary ganglion. 

3 The external carotid branches form a plexus around 
the external carotid artery. Some of these fibres form 
the sympathetic roots of the otic and submandibular 
ganglia (see Table 1.3). 

4 Pharyngeal branches take part in the formation of 
the pharyngeal plexus. 

5 The left superior cervical cardiac branch goes to the 
superficial cardiac plexus while the right branch goes 
to the deep cardiac plexus. 

Middle Cervical Ganglion 
Size and Shape 
This ganglion is very small. It may be divided into 
2 to 3 smaller parts, or may be absent. 

Situation 
It lies in the lower part of the neck, in front of vertebra 
C6 just above the inferior thyroid artery, behind the 
carotid sheath (Fig. 8.26). 

Formation 
It is formed by fusion of the fifth and sixth cervical 
ganglia connections. It is connected w ith the inferior 
cervical ganglion directly, and also through a loop that 
winds round the subdavian artery. This loop is called 
the ansa subclavia. 

Branches 
1 Grey rami communicans are given to the ventral ramj 

of the 5th and 6th cervical nerves. 
2 Thyroid branches accompany the inferior thyroid 

artery to the thyroid gland. They also supply the 
parathyroid glands (Fig. 8.26) . 

3 Trachea l and oesophageal branches. 
4 The middle cervical cardiac branch is the largest of 

the sympathetic cardiac branches. It goes to the deep 
cardiac plexus. 

Inferior Cervical Ganglion 
Size, Shape and Formation 
It is formed by fusion of 7th and 8th cervical ganglia. 
This is often fused with the first thoracic ganglion and 
is then known as the cervicothoracic ganglion or stellate 
ganglion because it is star-shaped. 

It is situated between the transverse process of 
vertebra C7 and the neck of the first rib. It lies behind 
the vertebral artery, and in front of ramus of spinal 
nerve CS. A cervicothoracic ganglion extends in front of 
the neck of the first rib. 
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Branches 
1 Grey rarni communkans are given to the ventral rami 

of nerves C7 and CS. 
2 Ver tebral branches form a plexus around the 

vertebral artery. 
3 Subclavian branches form a p lexus around the 

subclavian artery. This plexus is joined by branches 
from the ansa subclavia (Fig. 8.26). 

4 An inferior cervical cardiac branch goes to the deep 
cardiac plexus. 
Branches of the cervical sympathetic ganglia put in 

Table 8.1. 

CLINICAL ANATOMY 

• The head and neck are supplied by sympathetic 
nerves arising from the upper four thoracic 
segments of the spina l cord . Most of these 
preganglionic fibres pass through the stellate 
ganglion to relay in the superior cervical ganglion. 

• Injury to cervical sympathetic trunk produces 
Horner's syndrome. It is characterized by: 
a. Ptosis-drooping of the upper eyelid. 
b. Miosis-constriction of the pupil (Fig. 8.27). 
c. Anhydrosis-loss of sweating on that side of 

the face. 
d . Enophthalmos-retraction of the eyeball. 
e. Loss of the ciliospinal reflex-pinching the skin 

on the nape of the neck does not produce dilata-
tion of the pupil (which normally takes place). 

• Homer's syndrome can also be caused by a lesion 
within the central nervous system anywhere at or 
above the first thoracic segment of the spinal cord 
involving sympathetic fibres. 

Fig. 8.27: Homer's syndrome on left side 
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Table 8.1: Branches of cervical sympathetic ganglia 

Arterial branches 

Grey rami communicans 
Along cranial nerves 

Visceral branches 

Superior cervical ganglion 
i. Along internal carotid artery 

as internal carotid nerve 
ii. Along common carotid and 

external carotid arteries 
Along 1-4 cervical nerves 
Along cranial nerves 
IX, X, XI and XII 
Pharynx, cardiac 

LYMPHATIC DRAINAGE OF HEAD AND NECK 

DISSECTION 
Identify the lymph nodes in the submental, the 
submandibular, the parotid, the mastoid and the occipital 
regions including the deep cervical nodes. Dissect the 
main lymph trunk present at the root of the neck. 

Features 
Lymph nodes in head and neck are as follows: 
a. Superficial group 
b . Deep group 
c. Deepest group 

SUPERFICIAL GROUP 
Buccal and Mandibular Nodes 
The bucca l node lies on the buccina tor, and the 
mandibular node at the lower border of the mandible 
near the anteroinferior angle of the masseter, in close 
relation to the marginal mandibular branch of the facial 
nerve. They drain part of the cheek a.nd the lower eyelid. 

Occipital lymph nodes - - - -
with greater occipital nerve 

Buccal and mandibular --- +\.-,...--I,---' 
lymph nodes 

Spinal accessory ----....1 
nerve 

Lateral superficial -----;,,_. 
cervical group 

Middle cervical ganglion 
Along inferior thyroid artery 

Along 5 and 6 cervical nerves 

Thyroid, cardiac 

Inferior cervical ganglion 
Along subclavian and 
vertebral arteries 

Along 7 and 8 cervical nerves 

Cardiac 

Their efferents pass to the a.nterosuperior group of deep 
cervical nodes (Fig. 8.28). 

Preauricular Nodes 
Drain parotid gland, temporal region, middle ear, etc. 

Postauricular (Mastoid) Nodes 
The postauricular nodes lie on the mastoid process, 
superficial to the stem ocleidomastoid and deep to the 
aur icularis posterior. They drain a strip of scalp just 
above and behind the auricle, the upper half of the 
medial surface and margin of the auricle, and the 
posterior wall of the external acoustic meatus. Their 
efferents pass to the posterosuperior group of deep 
cervical nodes (Fig. 8.28). 

Occipital Nodes 
The occipital nod es lie at the apex of the posterior 
triangle superficia l to the attachment of the trapezius. 
They drain the occipital region of th e scalp. Their 
efferen ts pass to the supraclavicular members of the 
posteroinferior group of deep cervical nodes. 

Fig. 8.28: Superficial lymph nodes of the neck 



Anterior Superficial Cervical Nodes 
The anterior cervical nodes lie along the anterior jugular 
vein and are unimportant. The suprastemal lymph node 
is a member of this group. They drain the skjn of the 
anterior part of the neck below the hyoid bone. Their 
efferents pass to the deep cervical nodes of both sides 
(Fig. 8.28). 

Lateral Superficial Cervical Nodes 
The superficial cervical nodes lie along the external 
jugular vein superficial to the stem ocleidomastoid. They 
drain the lobule of the auricle, the floor of the external 
acoustic meatus, and the skin over the lower parotid 
region and the angle of the jaw. Their efferents pass 
round both borders of the muscle to reach the upper 
and lower deep cervical nodes. 

DEEP GROUP 
It comprises five levels (Fig. 8.29). 

Submental and Submandibular Nodes 
Submental nodes lie deep to the chin. These dram the 
lymph from tip of tongue and anterior part of floor of 
mouth. The submandibular nodes drain lateral surface 
of tongue, lower gums and teeth and central area of 
forehead. 

The s11b111a11dibular lymph nodes are clinically very 
important because of their wide area of drainage. They 

Submental and---------.------
submandibular nodes 

Pretracheal and-------~ )).. 
prelaryngeal nodes 

Paratracheal nodes---------re 

STRUCTURE:$ IN THE NECK 

are very commonly enlarged. The nodes lie beneath the 
deep cervical fascia on the surface of the submandibular 
salivary gland. They drain: 

a. Centre of the forehead. 
b. ose with the frontal , maxillary and ethmoidal 

air sinuses. 
c. The inner canthus of the eye. 
d. The upper lip and the anterior part of the cheek 

with the underlying gum and teeth. 
e. The outer part of the lower lip with the lower 

gums and teeth excluding the incisors. 
f. The anterior two-thirds of the tongue excluding 

the tip, and the floor of the mouth. They also 
receive efferents from the submental lymph nodes. 

The efferents from the submandibular nodes pass 
mostly to the jugulo-omohyoid node and partly to 
the jugulodigastric node. These nodes are situated 
along the internal jugular vein and are members of 
the deep cervical chain (see Fig. 8.29). 

Upper Lateral Group around lntornal Jugular Vein 
The j11g11/odigastric node (Fig. 8.29) is a member of this 
group. It lies below the posterior belly of digastric, 
between the angle of the mandible and anterior border 
of the sternocleidomastoid, in the triangle bounded by 
the posterior belly of digastric, the facial vein and the 
internal jugular vein. It is the main node draining the 
tonsil. 

,....M-------Upper lateral group 
fjugulodigastric lymph node) 

~ •-41-~ ..,,.-----Middle lateral woup 

L (internal jugular vein with deep 
cervical lymph nodes) 

Lymph nodes in posterior triangle 

...n--- - - - Lower lateral group 
fjugulo-omohyoid node) 

nodes 

Fig. 8.29: Deep and deepest groups of lymph nodes in the neck 
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Middle Lateral Group around Internal Jugular Vein 
These d rain thyroid and parathyroid glands. They 
receive efferents from prelaryngeal, pretracheal and 
paratracheal lymph nodes. 

Lower Lateral Nodes around Internal Jugular Vein 
The jugulo-omohyoid node is a group. It lies just above 
the intermediate tendon of the omohyoid, under cover 
of the posterior border of the sternocleidomastoid. It is 
the main lymph node of the tongue. 

Lymph Nodes in Posterior Triangle 
The lymph nodes are present arow1d the spinal root of 
accessory nerve. 

Efferents of the deep cervical lymph nodes join 
together to form the jugular lymph trunks, one on each 
side. The left jugular trunk opens into the thoracic duct. 
The right trunk may open either into the right lymphatic 
duct, or directly into the angle of junction between the 
internal jugular and subclavian veins. 

DEEPEST GROUP 
Prelaryngeal and Pretracheal Nodes 
The prelaryn geal and pretracheal nodes I ie deep to the 
inves ting fascia, the prelaryngeal nodes on the 
cricothyroid membrane, and the pretrachea l in front of 
the trachea below the isthmus of the thyroid gland. 
They drain the larynx, the trachea and the isthmus of 
the thyroid. They also receive afferents from the anterior 
cervical nodes. Their efferents pass to the nearby deep 
cervical nodes. 

Paratracheal Nodes 
The paratracheal nodes lie on the sides of the trachea 
and oesophagus along the recurrent laryngeal nerves. 
They receive lymph from the oesophagus, the trachea 
and the larynx, and pass it on to the deep cervical nodes. 

Retropharyngeal Nodes 
The retropharyngeal nodes (Fig. 8.4) lie in front of the 
prevertebral fascia and behind the buccopharyngeal 
fascia covering the posterior wall of the pharynx. They 
extend laterally in front of the lateral mass of the a tlas 
and along the lateral border of the longus capitis. They 
drain the pharynx, the auditory tube, the soft palate, 
the posterior part of the hard palate, and the nose. Their 
efferents pass to the upper lateral group of deep cervical 
nodes (Fig. 8.4). 

Waldeyer's Ring 
The ring comprises lingual, palatine, tuba l and 
nasopharyngeal tonsils (see Fig. 14.13). 

MAIN LYMPH TRUNKS AT THE ROOT OF THE NECK 
1 The thoracic duct is the largest lymph trunk of the 

body. It begins in the abdomen from the upper end 
of the cisterna chyli enters the thorax through aortic 
opening, traverses the thorax, and ends on the left 
side of the root of the neck by opening into the angle 
of junction between the left internal jugular vein and 
the left subclavian vein (Fig. 8.25). Before its termina-
tion, it forms an arch at the level of the transverse 
process of vertebra C7 rising 3 to 4 cm above the 
clavicle. The relations of the arch are: 
Anterior: 
a. Left common carotid artery 
b. Vagus 
c. Internal jugular vein. 
Posterior: 
a. Vertebral artery and vein 
b. Sympathetic trunk 
c. Thyrocervical trunk and its b ranches 
d. Prevertebral fascia 
e. Phrenic nerve 
f. Scalenus anterior. 

Apart from its tributaries i.n the abdomen and 
thorax, the thoracic duct receives (in the neck): 
a. The left jugular trunk 
b. The left subclavian trunk 
c. The left bronchomediastinal trunk. 
It drains most of the body, except for the right upper 
limb, the right halves of the head, the neck and the 
thorax and the superior surfaoe of the liver. 

2 The right jugular trunk drains half of the head and neck. 
3 The right subclavian trunk drains the upper limb. 
4 The bronchomediastinal trunk drams the lung, half of 

the mediastinum and parts of the anterior walls of 
the thorax and abdomen. 

5 On the right side, the subclavian, jugular and 
bronchomediastinal trunks unite to form the right 
lymplr trunk which ends in a manner similar to the 
thoracic duct (Fig. 8.25). 

CLINICAL ANAT 

• The deep cervical lymph nod es lie on the internal 
jugular vein. These nodes often become adherent 
to the vein in malignancy or in tuberculosis. 
Therefore, during operation on such patients the 
vein is also resected. These are examined from 
behind with the neck slightly flexed. 

• Superficial cervical, supraclavicular and lymph 
nodes of anterior triangle can easily be palpated 
(Fig. 8.30). 



• Chronic infection of the palatine tonsil causes 
enlargement of jugulodigastric lymph nodes 
which adhere to the intemaJ jugular vein. 

• Painful enJargement of the submandibular lymph 
nodes is common because infections in tongue, 
mouth and cheek are quite common. These nodes 
may be affected by tubercular bacteria. 

• Spinal root of accessory nerve may get entangled 
in the enlarged lymph nodes situated in the 
posterior triangle of neck. While taking biopsy of 
the lymph node, one must be careful not to injure 
the accessory nerve lest trapezius gets damaged 
(see Fig. 3.9). 

The left supracla vicular nodes are called 
Virchow's lymph nodes. Cancer from stomach and 
testis may metastasize into these lymph nodes, 
which may become palpable. 

0 
Q 

~ - -_J~~----::":::P-- Lymph nodes of 
anterior triangle 

Fig. 8.30: Palpation of the lymph nodes 

Stylomandibular ---"-.J.lril~ 
ligament 

Stylopharyngeus ----~ 

Pharynx--------' 

(a) 

Styloid 
process 
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STYLOID APPARATUS 

The styloid process with its attached structures is called 
the styloid appara tus. The structures attached to the 
process are three muscles and two ligaments . The 
muscles are the stylohyoid, styloglossus and stylo-
pharyngeus and ligaments are the stylohyoid and 
stylomandibular (Figs 8.31a and b ). 

The appara tus is of diverse origin. The styloid 
process, the stylohyoid ligament and stylohyoid muscle 
are d eri ved from the second branchial arch ; the 
stylopharyngeus from the third arch; the styloglossus 
from occipital myotomes; and the stylomandibular 
ligam ent from a part of the deep fascia of neck. 

The five attachments resemble the reins of a chariot. Two 
of these reins (ligaments) are nonadjustable, whereas 
the other three (muscles) are adjustable and are 
controlled each by a separate cranial nerve, seventh, 
ninth and twelfth nerves. 

The styloid process is a long, slender and pointed bony 
process projecting downwards, forwards and slightly 
medially from the temporal bone. It descends between 
the external and internal carotid arteries to reach the 
side of the pharynx. It is interposed between the parotid 
gland laterally and the internal jugular vein medfally. 

The styloglossus muscle a rises from the anterior 
surface of the styloid process and is inserted into the 
side of the tongue. 

The stylopharyngeus muscle arises from the medial 
surface of the base of the styloid process and is inserted 
on the posterior border of the lamina of the thyroid 
cartilage (see Fig. 14.23). 

Stylohyoid extends between posterior surface of 
styloid process and hyoid bone. It splits at its lower end 
to enclose the intermediate tendon of digastric muscle. 

Styloid process 

Facial 
nerve 

Styloglossus (XII) 

~-#-./1-- Stylohyoid (VII) 

"-----/Af#----- Stylohyoid ligament 

(b) 

Figs 8.31a and b: The styloid apparatus: (a) Superior view, and (b) lateral view 
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The stylomandibular ligament is attached laterally to 
styloid process above and angle of mandible below. 

The stylohyoid ligament extends from the tip of the 
styloid process to the lesser cornua of the hyoid bone. 

Features 
1 External carotid artery crosses tip of styloid process 

superficially and pierces stylomandibular ligament. 
2 Facial nerve crosses the base of styloid process 

laterally after it emerges from stylomastoid foramen. 

DEVELOPMENT OF THE ARTERIES 
Brachoicephalic 
artery 
Right subclavian 
artery 

Left subclavian 
artery 
Common carotid 

Internal carotid 
artery 

External carotid 
artery 
Pulmonary trunk 
Arch of aorta 

Right aortic sac 

Proximal part from the right 
4th aortic arch artery and 
remaining part from right 7th 
cervical intersegmental artery. 
Only left 7th cervical interseg-
mental artery. 
Third aortic arch proximal to 
external carotid bud. 
Third aortic arch, distal 
to the external carotid bud and 
original dorsal aorta cranial to 
the attachment of third aortic 
arch. 
Develop as sprout from the 
third aortic arch. 
Part of truncus arteriosus. 
Left aortic sac 
Left 4th aortic arch 
Left dorsal aorta. 

Relation to recurrent laryngeal nerve (Fig. 8.32). 
Recurrent laryngeal is given off from vagi in relation 
to distal part of 6th arch artery. Since this distal part 

II 
I I 

I I 
I I --/ f/ 

{ f .,.,--
1 t' 
11 
11 
11 
\ I 
\. 

External 
carotid - - 1 M-,H-- Internal 

carotid 
artery 

Vagus 
nerve 

~ ---+-1--- Arch of 
aorta 
Subclavian 
artery 

~ - tt-t-- Ductus 
arteriosus 

Fig. 8.32: Relation to recurrent laryngeal nerve 

forms ligamentum arteriosum on left side only, the re-
current laryngeal nerve hooks around this ligarnentum 
in thorax to reach tracheo-oesophageal groove. 

On the right side there is no ligamentum arteriosum, 
the recurrent laryngeal nerve slips upwards in the neck 
and hooks around the right subclavian artery to reach 
the trachea-oesophageal groove. 

• Isthmus of thyroid gland acts as a shield for trachea. 
• Parathyroid glands lie along the anas tomotic 

channel between posterior branch of superior 
thyroid artery and ascending branch of inferior 
thyroid artery. 

• Internal carotid artery comprises 4 parts: Cervical, 
petrous, cavernous and cerebral. 

• Superior cervical ganglion gives grey rami 
communicates (grc) to Cl- C4 nerves. 

• Middle cervical ganglion gives grc to CS, C6 nerves. 
• Inferior cervical ganglion gives grc to C7, C8 nerves. 
• Scalenus anterior can press upon the subclavian 

artery and braclual plexus, causing nervous and 
vascular changes in upper limb. 

• Phrenic nerve (C4) supplies motor fibres to 
musculature of diaphragm. It carries sensory fibres 
from peritoneum underlying diaphragm, media-
stinal pleura and pericardium. 

• Styloid apparatus comprises styloglossus (XII), 
s tylohyoid (VII), s tylopharyngeus muscles (IX); 
and stylohyoid and stylomandibular ligaments. 

CLINICOANATOMICAL PROBLEM 
A 40-year-old woman complained of a swelling in 
front of her neck, nervousness and loss of weight. 
Her diagnosis was h yperthyroidism. Partial 
thyroidectomy was performed, and she complained 
of hoarseness after the operation. 
• Why does thyroid swelling move up and down 

during deglutition? 
• Why does she complain of hoarseness after the 

operation? 
• Which other gland can be removed with thyroid? 
Ans: The thyroid gland is suspended from uicoid 
cartilage by the pretracheal fascia and ligament of 
Berry. So all the swellings associated w ith thyroid 
gland move with deglutition. 

She complains of hoarseness. It may be due to injury 
to the recurrent laryngeal nerve as it lies close to the 
inferior thyroid artery near the lower pole of the gland. 

The parathyroid glan d lying on the back of thyroid 
gland may be removed. Parathyroid controls calcium 
level in the blood. 
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FREQUENTLY ASKED QUESTIONS 

1. Describe thyroid gland under the following headings: 
a. Position 
b. Gross anatomy 
c. Blood supply 
d . Cli nical anatomy 

2. Enumerate the various group of lymph nodes in 
the neck. Mention the areas drained by these nodes. 

3. Write short notes on/enumerate: 
a. Styloid apparatus 
b. Branches of subclavian artery 
c. Branches of superior cervical ganglion 

d. Homer's syndrome 

e. Tributaries of internal jugular vein 

MULTIPLE CHOICE QUESTIONS 

1. Where should the superior thyroid artery should 
be ligated during thyroidectomy? 
a. Close to its origin from external carotid artery 
b. Close to the upper pole of the lateral lobe 
c. Anterior and posterior branches separately 
d. Anywhere in its course 

2. Where should inferior thyroid artery be ligated 
during thyroidectomy? 
a. Away from the gland 
b. At its distal or terminal part 
c. Anywhere in its course 
d . The branches ligated separately 

3. Homer's syndrome produces a!J symptoms except: 
a. Partial ptosis b. Miosis 
c. Anhydrosis d . Exophthalmos 

4. Which of the following muscles is not supplied by 
ansa cervicalis? 
a. Sternohyoid 
b. Sternothyroid 
c. Inferior belly of omohyoid 
d. Geniohyoid 

5. One of the following is not a branch of subclavian 
artery: 
a. Internal thoracic 
b. Vertebral 

c. Costocervical trunk 
d. Subscapular 

6. One of the follo w ing symptoms is not seen in 
Homer's syndrome: 
a. Complete ptosis b. Mios is 
c. Anhydrosis d . Enophthalmos 

7. One of the following s tatements about parathyroid 
gland is not true: 
a. Inferior parathyroid arises from 3rd pharyngeal 

pouch 
b. Parathyroid glands are supplied by superior 

thyroid artery 
c. Superio r parathyroid arises from 4th pharyngeal 

pouch 
d. Th ymus develops a long with inferior para-

thyroid gland 
8. Which one is not a branch of thyrocervical trunk? 

a. Inferior thyroid 
b. Suprascapular 
c. Transverse cerv ical 
d. Deep cervical 

9. Which one is not a component of carotid sheath? 
a. Internal carotid artery 
b. Vagus nerve 
c. Sympathetic trunk 
d. Internal jugular vein 

ANSWERS 
l.b 2. a 3.d 4.d 5.d 6. a 7. b 8.d 9.c 
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Prevertebral and 
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INTRODUCTION 
The prevertebral region contains four muscles, vertebral 
artery and joints of the neck. Vertebral artery, a branch 
of subclavian artery, comprises four parts-1st, 2nd and 
3rd are in the neck and the fourth part passes through 
the foramen magnum to reach the subarachnoid space 
and the vertebral arteries of two sides unite to form a 
single median basilar artery which gives branches to 
supply a part of cerebral cortex, cerebellum, internal 
ear and pons. Congenital or acquired diseases of cervical 
vertebrae or their joints give rise to lots of symptoms 
related to branches of vertebral artery. 

The apical ligament of dens is a continuation of 
notochord. Transverse ligament, which is a part of 
crucia te ligament, keeps the dens of axis in position. If 
this ligament is injured by disease or in "capita! 
punishment", there is immediate death due to injury 
to vasomotor centres in medulla oblongata. Trachea and 
oesophagus are contents of prevertebral region. 

The paravertebral region contains three scalene 
muscles, cerv ical plexus, its branches including the 
phrenic nerve. This region also includes the cervical 
pleura. 

PREVERTEBRAL MUSCLES 
(Anterior Vertebral Muscles) 
The four prevertebral or anterior vertebral muscles are 
the longus colli (cervicis), the longus capitis, the rectus 
ca pi tis anterior and the rectus capitis lateralis (Fig. 9.1). 
These are weak flexors of the head and neck. They 
extend from the base of the skull to the superior 
mediastinum. They partially cover the anterior aspect 
of the vertebral column. They are covered anteriorly 
by the thick prever tebral fascia . The muscles are 
described in Table 9.1. 
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DISSECTION 
Remove the scalenus anterior muscle. Identify deeply 
placed anterior and posterior inter1ransverse muscles. 
Cut through the anterior intertransverse muscles to 
expose the second part of vertebral artery. First part 
was seen as the branch arising from the first part of the 
subclavian artery. Its third part was seen in the 
suboccipital triangle. The fourth part lies in the cranial 
cavity. 

Features 

The vertebral artery is one of the lwo principal arteries 
which supply the brain. In addition, it also supplies 
the spinal cord, the meninges, and the surrounding 
muscles and bones. It arises from the posterosuperior 
aspect of the first part of the subclavian artery near its 
commencement. It runs a long course, and ends in the 
cranial cavity by supplying the brain (Fig. 9.2). The 
artery is divided into four parts. 

First Part 
The first part extends from the origin of the artery (from 
the subclavian artery) to the transverse process of the 
sixth cervical vertebra. 

This part of the artery runs upwards and backwards 
in the triangular space between the scalenus anterior and 
the longus colli muscles called as the scalenovertebral 
triangle (Fig. 9.3). 

Relations 
Anterior 
1 Carotid sheath with common carotid artery 
2 Vertebral vein 
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Rectus capitis anterior---- -

Upper oblique part of long us colli ----------.8'ff--r-

Muscle 
1. Longus coili 

(cervicls). 
This muscle extends 
from the atlas to the 
third thoracic vertebra. 
It has upper and 
lower obl ique parts 
and a middle vertical 
part (Fig. 9.1) 

2. Longus capitis. 
It overlaps the longus 
colli . It is thick above 
and narrow below 

3. Rectus capitis anterior. 
This is a very short 
and flat muscle. It lies 
deep to the longus 
capitis 

4. Rectus capitis lateraiis. 
This is a short, 
flat muscle 

3 Inferior thyroid artery 

--.,tt----Scalenus posterior 

Fig. 9.1: The prevertebral muscles 

Table 9.1: The prevertebral muscles 
Origin Insertion 
a. The upper oblique part is a. Upper oblique part is 

from the anterior tubercles into the anterior 
of the transverse tubercle of the atlas 
processes of cervical b. Lower oblique part is 
vertebrae 3, 4, 5 into the anterior 

b. Lower oblique part is from tubercles of the 
bodies of upper 2-3 transverse processes 
thoracic vertebrae of 5th and 6th cervical 

c. Middle vertical part is from vertebrae 
bodies of upper 3 thoracic c. Middle vertical part is 
and lower 3 cervical into bodies of 2,3,4 
vertebrae cervical vertebrae 

Anterior tubercles of Inferior surface of basilar 
transverse processes part of occipital bone 
of cervical 3-6 vertebrae 

Anterior surface of lateral 
mass of atlas in front of the 
occipital condyle 

Basilar part of 
the occipital bone 

Upper surface of transverse Inferior surface of jugular 
process of atlas process of the occipital 

bone 

- - - Scalenus anterior 

Nerve supply 
Ventral rami of 
nerves C3-C8 

Ventral rami of 
nerves C1-C3 

Ventral ramus 
of nerve C1 

Ventral rami of 
nerves C1 , C2 

Actions 
a. Flexes the neck 
b. Oblique parts flex 

the neck laterally 
c. Lower oblique part 

rotates the neck to 
the opposite side 

Flexes the head 

Flexes the head 

Flexes the head 
laterally 

2 Stellate ganglion 
4 Thoracic duct on left side (Fig. 9.3). 3 Ventral rami of nerves C7, CS. 

Posterior Scalenovertebral Triangle 
1 Transverse process of 7th cervical vertebra (Fig. 9.2) The triangle is present a t the root of the neck. 
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Fourth part of - ------------
vertebral artery 

Third part of --------,A ..:c~ 
vertebral artery 

(in suboccipital triangle) 

Scalenus medius ----

First part of - - -,i 

vertebral artery 

Scalenus 
posterior 

Subclavian 
artery 

Basilar 
artery 

Common 
carotid 
artery 

'----- - Scalenus 
anterior 

Fig. 9.2: Scheme showing parts of the vertebral artery, as seen 
from the front 

Ventral ramus of nerves -------~ 
on costotransverse bar 

Anterior tubercle of--------- -'-'..,'· 
transverse process 

Boundaries 
Medial: Lower oblique part of longus colli 
Lllteral: Scalenus anterior 
Apex: Transverse process of cervical C6 vertebra 
Base: 1st part of subclavian artery 
Posterior wall: Transverse process of C7, ventral ram us 
of C8 nerve, neck of 1st rib and cupola of pleurae 

Contents: 1st part of vertebral artery, cervical part 
of sympathetic trunk (Fig. 9.5). 

Second Part 
The second part runs through the foramina 
transversaria of the upper six cervical vertebrae. Its 
course is vertically up to the axis vertebra. It then runs 
upwards and laterally to reach the foramen trans-
versarium of the atlas vertebra. 

Relations 
1 The ventral rami of second to sixth cervical nerves 

lie posterior to the vertebral artery. 
2 The artery is accompanied by a venous plexus and a 

large branch from the stellate ganglion (see Fig. 8.26). 

Third Part 
Third part lies in the suboccipital triangle. Emerging 
from the foramen transversarium of the atlas, the artery 

~ ~~~-- ----Posterior tubercles of 
transverse processes 

Scalenus posterior 

Scapula 

Lower trunk of brachia! plexus 

Subclavian artery 

Fig. 9.3: Schematic sagittal section through the left scalenus anterior to show its relations 



winds medially around the posterior aspect of the 
lateral mass of the atlas. It runs medially lying on the 
posterior arch of this bone, and enters the vertebral 
canal by passing deep to the lower arched margin of 
the posterior atlanto-occipital membrane. 

Relations 
A nterior: Lateral mass of atlas. 
Posterior: Semispinalis capitis. 
Lateral: Rectus capitis lateralis. 
Medial: Ventral ramus of the first cervical nerve. 
Inferior: 
1 Dorsal ram us of the first cervical nerve (see Fig. 10.6) 
2 The posterior arch of the atlas (see Fig. 10.6). 

Fourth Part 
1 The fourth part extends from the posterior atlanto-

occipital membrane to the lower border of the pons. 
2 In the vertebral canal, it pierces the dura and the 

arachnoid, and ascends in front of the roots of the 
h ypoglossal nerve. As it ascends, it gradually 
inclines medially to reach the front of the medulla. 
At the lower border of the pons, it unites with its 
fellow of the opposite side to form the basilar artery 
(Fig. 9.2). 

BRANCHES OF VERTEBRAL ARTERY 
First part has no branches. 

Cervical Branches 
1 Spinal branches from the second part enter the 

vertebral canal through the intervertebral foramina 
and supply the spinal cord, the meninges and the 
vertebrae. 

2 Muscular branches arise from the third part and 
supply the suboccipital muscles. 

Cranial Branches 
These arise from the fourth part. They are: 
1 Meningeal branches 
2 The posterior spinal 
3 The anterior spinal artery 
4 The posterior inferior cerebellar artery 
5 Medullary arteries 
These are described in Chapter 11, Volume 4. 

DEVELOPMENT OF VERTEBRAL ARTERY 
Different pa rts of vertebral artery develop in the 
follow ing ways. 
First part: From a branch of d orsal division of 7th 
cervical intersegmental artery. 
Second part: From postcosta l anastomosis. 

PREVERTEBRAL AND PARAVERTEBRAL REGIONS 

Third part: From spinal branch of the first cervical 
intersegmental artery. 
Fourth part: From preneural branch of first cervical 
intersegmental artery. 

SCALENE MUSCLES 

DISSECTION 
Clean and define the cervical parts of the trachea and 
oesophagus. 

Scalenus anterior has been seen in relation to 
subclavian artery. Scalenus medius is one of the muscle 
forming floor of posterior triangle of neck. Scalenus 
posterior lies deep to the medius (see Fig. 3.9). 

The relations of the cervical pleura are shown in Fig. 9.4. 

Features 
There are usually three scalene muscles, the scalenus 
an te rior, the scalenus medius and the scalenus 
posterior. The scalenus medius is the largest, and the 
scalenus posterior the smallest, of three. These muscles 
extend from the transverse processes of cer vica l 
vertebrae to the first two ribs. They can, therefore, either 
eleva te these ribs or bend the cervical part of the 
vertebral column laterally (Fig. 9.4). 

These muscles are described in Table 9.2. 

Additional Features of the Scalene Muscles 
1 Sometimes a fourth, rudimentary scalene muscle, the 

scalenus minim us is present. It arises from the anterior 
border of the transverse process of vertebra C7 and 
is inserted into the inner border of the first rib behind 
the groove for the subclavian artery and into the 
dome of the cervica l p leura. The suprapleural 
membrane is regarded as the expansion this muscle. 
Contraction of the scalenus minimus pulls the dome 
of the cervical pleura. 

2 Relations of scalenus anterior. The scalenus anterior is 
a key muscle of the lower part of the neck because of 
its intimate relations to many important structures 
in this region. It is a useful surgical landmark. 
Anterior: 
a. Phrenic nerve covered by prevertebral fascia. 
b. Lateral part of carotid shea th containing the 

internal jugular vein. 
c. Sternocleidomastoid (Fig. 9.4). 
d. Clavicle. 
Posterior: 
a. Brachia! plexus (Fig. 9.4). 
b. Subclavian artery. 
c. Scalenus medius. 
d. Cervica l pleura covered by the suprapleural 

membrane (Fig. 9.6). 
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Sternocleidomastoid branch -----1-11141--1-. 
of occipital artery 

Anterior jugular vein----
Sternocleldomastoid branch of----

superior thyroid artery 

Clavicle--- -+-
'l>r--'"----Suprapleural membrane 

Subclavian artery 

Fig. 9.4: Lateral view of the scalene muscles with a few related structures 

Table 9.2: The scalene muscles 
Muscle Origin Insertion Nerve supply Actions 
1. Scalenus anterior Anterior tubercles of Scalene tubercle and Ventral rami of a. Anterolateral flexion of 

(Fig. 9.4) transverse processes adjoining ridge on the nerves C4-C6 cervical spine 
of cervical vertebrae superior surface of the b. Rotates cervical spine to 
3, 4, 5 and 6 first rib (between opposite side 

subclavian artery c. Elevates the first rib 
and vein) during inspiration 

d. Stabilises the neck along 
with other muscles 

2 . Scalenus medlus a. Posterior tubercles of Superior surface of the Ventral rami of a. Lateral flexion of the 
(Fig. 9.3) transverse processes first rib behind the groove nerves C3-C8 cervical spine. 

of cervical vertebrae for the subclavian b. Elevation of first rib 
3, 4,5,6, 7 artery C. Stabilises neck along 

b. Transverse process of with other muscles 
axis and sometimes 
also of the atlas vertebra 

3. Scalenus Posterior tubercles of Outer surface of the Ventral raml of a. Lateral flexion of cervical 
posterior transverse processes of second rib behind the nerves C6-C8 spine 
(Fig. 9.3) cervical vertebrae tubercle for the serratus b. Elevation of the second 

4,5, 6 anterior rib 
c. Stabilises neck along with 

other muscles 

The medial border of the muscle is related: ii. Inferior thyroid artery arching medially at the 
level of the 6th cervical transverse process. a. In its lower part to an inverted V-shaped interval, 

formed by the diverging borders of the scalenus 
a nterior and the longus colli. This interva l 
contains many important structures as follows: 

1. Vertebral vessels running vertically from the 
base to the apex of this space. 

iii. Sympathetic trunk. 
iv. The first part of the subclavian artery traverses 

the lower part of the gap. 
v. On the left side, the thoracic duct arches 

laterally at the level of the seventh cervical 
transverse process (Fig. 9.5). 
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w-- 1+-- --- Ascending cervical artery 
1-1----- - Phrenic nerve 

Fig. 9.5: Structures present in the triangular interval between scalenus anterior and the longus colli, i.e. scalenovertebral triangle 

vi. The carotid sheath covers all the structures 
mentioned above. 

vu . The s ternocleidomastoid covers the carotid 
sheath (see Fig. 8.4). 

b. 1n its upper part, the scaJenus anterior is separated 
from the longus capitis by the ascending cervical 
artery. 

The lateral border of the muscle is related to the 
trunks of the brachia) plexus and the subclavian artery 
which emerges at this border and enter the posterior 
triangle (Fig. 9.4). 

CERVICAL PLEURA 

The cervical pleura covers the apex of the lung. It rises 
into the root of the neck, about 5 cm above the first 
costal cartilage and 2.5 cm above the medial one-third 
of the clavicle. The pleural dome is strengthened on its 
outer surface by the suprapleura1 membrane so that 
the root of the neck is not puffed up and down during 
respiration (see Chapter 12, Volume 1). 

Relations 
Anterior 
1 Subclavian artery and its branches 
2 Scalenus anterior (Fig. 9.6). 

Posterior 
Neck of the first rib and the following structures in front 
of it. 
1 Sympathetic trunk (see Chapter 13, Volume 1) 
2 First posterior intercostal vein 

3 Superior intercostaJ artery 
4 The first thoracic nerve. 

Lateral 
i. Scalenus medius 

ii. Lower trunk of the brachia! plexus. 

Medial 
1 Vertebral bodies 
2 Oesophagus (Fig. 9.6) 
3 Trachea 
4 Left recurrent laryngeal nerve 
5 Thoracic duct (on left side) 
6 Large arteries and veins of the neck. 

CERVICAL PLEXUS 

FORMATION 
The cervical plexus is formed by the ventral rami of 
the upper four cervical nerves (Fig. 9.7). The rami 
emerge between the anterior and posterior tubercles of 
the cervical transverse processes, g rooving the 
costotransverse bars. The four roots are connected with 
one another to form three loops (Fig. 9.8). 

Position and Relations of the Plexus 
The plexus is related: 
1 Posteriorly, to the muscles which arise from the 

posterior tubercles of the transverse processes, i.e. 
the levator scapulae and the scalenus medius. 

2 Anteriorly, to the prevertebral fascia, the internal 
jugular vein and the stemocleidomastoid. 
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_.,,....~~~--Cervical dome of pleura 

Subclavian artery 

Fig. 9.6: Relations of the cervical pleura 

Vertebral artery-----;~ ~~~~ ~ • 

Ventral ramus - - -Hr"'-'-~,.,. 

Dorsal ramus------~ 

Posterior tubercle 

Fig. 9.7: Scheme to show the position of a cervical nerve relative to the muscles of the region 

Branches 
Superficial (Cutaneous) Branches 
1 Lesser occipital (C2) 
2 Great auricular (C2, C3) 
3 Transverse (ante rior) cu taneous nerve of the n eck 

(C2, C3) 
4 Supraclavicular (C3, C4) 
These are described in Chapter 3. 

Deep Branches 
Communicating Branches 
1 Grey rami pass from the superior cervical ganglion 

to the roots of Cl -C4 nerves. 
2 A branch from Cl joins the hypoglossal nerve and 

carries fibres for supply of the thyrohyoid and 

geniohyoid muscles (directly) and the superior belly 
of the omohyoid through the ansa cervicalis. 

3 A branch each from C2, C3 to the sternocleidomastoid 
and branches from C3 and C4 to the trapezius com-
municate with the accessory nerve. 

Muscular Branches 
Muscles supplied solely by cervical plexus: 
1 Rectus capitis anterior from Cl. 
2 Rectus capitis lateralis from Cl, C2. 
3 Longus capitis from Cl to C3. 
4 Lower root of ansa cervicalis (descendens cervicalis) 

from C2, C3 (to sternohyoid, sternothyroid and 
inferior belly of omohyoid. 
Muscles supplied by cervical plexus along with the 

brachial plexus or the spinal accessory nerve: 



Geniohyoid 

Thyrohyoid 

Superior and inferior roots -----1-4---- --i.i 

of ansa cervicalis 

To infrahyoid muscles ___ __,__,~ 

Phrenic nerve _________ _; 
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N---------To rectus capittis lateralis and 
rectus ca pi tis anterior 

, .,_ ___ Transverse cervical 
nerve 

~:::::::::--=::s:::-To trapezlus, h~vator 
scapulae, scalenus medius 

Fig. 9.8: Left cervical plexus and its branches 

a. Sternocleidomastoid from C2 to C3 along with 
accessory nerve (Fig. 9.8). 

b. Trapezius from C3 to C4 along with accessory nerve. 
c. Levator scapulae from C3 to CS (dorsal scapular 

nerve). 
d . The diaphragm from phrenic nerve from C3 to CS. 
e. Longus colli from C3 to CB. 
f. Scalenus medius from C3 to CB. 
g. Scalenus anterior from C4 to C6. 
h. Scalenus posterior from C6 to CB. 

PHRENIC NERVE 
This is a mixed nerve carrying motor fibres to the dia-
phragm and sensory fibres from the diaphragm, pleura, 
pericardium, and part of the peritoneum (Fig. 9.8). 

Origin 
Phrenic nerve arises chiefly from the fourth cervical 
nerve but receives contributions from third and fifth 
cervical nerves. The contribution from CS may come 
directly from the root or indirectly through the nerve 
to the subclavius. In the latter case, the contribution is 
known as the accesson; phrenic nerve. 

Course and Relations in the Neck 
1 The nerve is formed at the lateral border of the 

scalenus anterior, opposi te the middle of the 
sternocleidomastoid, at the level of the upper border 
of the thyroid cartilage. 

2 It runs vertically downwards on the anterior surface 
of the scalenus anterior (Fig. 9.9). Since the muscle is 
oblique, the nerve appears to cross it obliquely from 
lateral to medial border. In this part of its course, 

the nerve is related anteriorly to the prevertebral 
fascia, the inferior belly of the omohyoid, the 
transverse cervical artery, the suprascapular artery, 
the internal jugular vein, the sternocleidomastoid, 
and the thoracic duct on left side (Fig. 9.5). 

3 After leaving the anterior surface of scalenus 
anterior, the nerve runs downwards on the cervical 
pleura behind the commencement of the bra-
chiocephalic vein. Here it crosses the internal thoracic 
artery (either anteriorly or posteriorly) from lateral 
to medial side, and enters the thorax behind the first 
costal cartilage. On the left side, the nerve leaves 
(crosses) the medial margin of the scalenus anterior 
at a higher level and crosses in front of the first part 
of the subclavian artery. 

CLINICAL ANAT 

The accessory phrenic nerve is commonly a branch 
from the nerve to the subclavius. It lies lateral to the 
phrenic nerve and descends behind, or sometimes 
in front of the subclavian vein. It joins the main nerve 
usually near the first rib, but occasionally the union 
may even be below the root of the lung. 

TRACHEA 

The trachea is a noncollapsible, wide tube forming the 
beginning of the lower respiratory passages. It is kept 
paten t because of the presence of C-shaped carti-
laginous ' rings' in its wall. The cartilages are deficient 
posteriorly, this part of the wall-being made up of 
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C3 

Left phrenic nerve 

l!i------->,jl\---From parietal pleura, 
mediastinal part 

lntercostal muscles 
.--~ - - From parietal pleura, 

diaphragmatic part 

Diaphragm 

Fig. 9.9: Formation, course and distribution of phrenic nerve 

muscle (trachealis) and fibrous tissue. The soft posterior 
wall allows expansion of the oesoph ag us d uring 
passage of food. 

DIMENSIONS 
The trachea (Latin rough air vessel) is about 10 to 15 cm 
long. Its upper half lies in the neck and its lower half in 
the superio r mediastinum . The external diameter 
measures 2 cm in the male and 1.5 cm in the female. 
The lumen is smaller in the living than in cadavers. It 
is about 3 mm at 1 year of age, and corresponds to the 
age in years during childhood, w ith a maxi mum of 
12 mm at puberty. 

CERVICAL PART OF TRACHEA 
1 The trachea begins a t the lower border of the cricoid 

cartilage opposite the lower border of vertebra C6. 
It runs dow nwards and slightly backwards in front 
of the oesophagus, follows the curvature of the spine, 
and enters the thorax in the median plane. 

2 In the neck, the trachea is comparatively superficial 
and has the following relations. 

Anterior 
1 Isthmus of the thyroid gland covering the second 

and third tracheal rings (see Fig. 8.1). 
2 Inferior thyroid veins below the isthmus (see Fig. 8.8). 
3 Pretracheal fascia enclosing the th yroid and the 

inferior thyroid veins. 
4 Sterno_hyoid and s temothyroid muscles (see Fig. 8.4). 
5 Investmg layer of the deep cervical fascia and the 

suprasternal space. 
6 The skin and superficial fascia. 
7 In children, the left brachiocephalic vein extends into 

the neck and then lies in front of the trachea. 

Posterior 
1 Oesophagus 
2 Longus colli 
3 Recurrent laryngeal nerve in the trachea-oesophageal 

groove (see Fig. 8.5). 

On Each Side 
1 The corresponding lobe of the thyroid glands. 
2 The common carotid artery within the carotid sheath 

(see Fig. 8.4). 

Vessels and Nerves 
The trachea is supplied by branches from the inferior 
thyroid ar teries. Its veins drain into the left brachio-
cephalic vein. Lymphatics drain into the pretracheal 
and paratracheal nodes. 

Parasympathetic nerves (from the vagus through the 
recurrent laryngeal nerve) are sensory and secretomotor 
to the mucous membrane, and motor to the trachealis 
muscle. Sympathetic nerves (from the cervical ganglion) 
are vasomotor. 

CLINICAL ANATOMY 

• The trachea may be compressed by pathological 
enlargem ents of the thyroid, the thymus, lymph 
~o?-es_ and the aortic arch. This causes dyspnoea, 
1mtative cough, and often a husky voice. 

• Tracheostomy is an emergency operation done in 
c~ses of _laryn~eal obstruction (foreign body, 
?-iphthen a, carcinoma, etc.). It is commonly done 
m the retrothyroid region after retracting the 
isthmus of the thyroid gland. 



OESOPHAGUS 

The oesophagus is a muscular food passage lying 
between the trachea and the vertebral column. 
Normally, its anterior and posterior walls are in contact. 
The oesophagus expands during the passage of food 
by pressing into the posterior muscular part of the 
trachea (see Fig. 8.4). 

The oesophagus is a downward continuation of the 
pharynx and begins at the lower border of the cricoid 
cartilage, opposite the lower border of the body of 
vertebra C6. It passes downwards behind the trachea, 
traverses the superior and posterior mediastina of the 
thorax, and ends by opening into the cardiac end of 
the stomach in the abdomen. It is about 25 cm long. 

The cervical part of the oesophagus is related: 
a. Anteriorly, to the trachea and to the right and left 

recurrent laryngeal nerves. 
b. Posteriorly, to the longus colli muscle and the 

vertebral column. 
c. On each side, to the corresponding (see Fig. 8.5) lobe 

of the thyroid gland; and on the left side, to the 
thoracic duct. 

The cervical part of the oesophagus is supplied by 
the inferior thyroid arteries. Its veins drain into the left 
brachiocepha lic vein. Its lymphatics pass to the deep 
cervical lymph nodes. The oesophagus is nanowest at 
its junction with the pharynx, the junction being the 
narrowest part of the gastrointestinal tract, except for 
the vermiform appendix. 

For thoracic part of oesophagus study, see Chapter 20, 
Volume 1. 

CLINICAL ANATOMY 

Oesophagus has four natural constrictions. While 
passing any instrument, one must be careful at these 
sites (Fig. 9.10). 

JOINTS OF THE NECK 
Typical Cervical Joints between 
the Lower Six Cervical Vertebrae 
The adjacent vertebrae are connected by several 
ligaments which are as follows: 
1. The anterior longitudinal ligament passes from the 

anterior s urface of the body of one vertebra to 
another. Its upper end reaches the basilar part of the 
occipital bone (Fig. 9.11). 

2. The posterior longitudinal ligament is present on the 
posterior surface of the vertebral bodies within the 
vertebral cana l. Its upper end reaches the body of 
the axis vertebra beyond which it is continuation the 
membrana tectoria (Fig. 9.11). 
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Vertebrae 
D 
D 
D 
D 

-------Bs;~- 15 cm 
D Oesophagus 
D 

Fig. 9.10: Natural constrictions of the oesophagus 

3. The intertransverse ligaments connect adjacent trans-
verse processes. 

4. The interspinous ligaments connect adjacent spines. 
5. The supraspinous ligaments connect the tips of the 

spines of vertebrae from the seventh cervical to the 
sacrum. In the cervical region, they a re replaced by 
the ligamentum nuchae. 

6. Joint between vertebral arches: Joint between superior 
and infe1ior articular processes of adjacent vertebrae 
is plane joint of synov ial va rie ty. The articular 
processes slope inferiorly to allow rotation of neck. 
These are also called zygapophyseal/ facet joints. 

7. The laminae of adjacent vertebrae are united by 
ligamentum flava, made up of elastic fibres. 
The ligament11m nuchae is triangular in shape. Its apex 
lies a t the seventh cervical spine and its base a t the 
external occipital crest. Its anterior border is attad1ed 
to cervical spines, while the posterior border is free 
and provides attachment to the investing layer of 
deep cervical fascia. The ligament g ives origin to the 
splenius, rhomboids and trapezius muscles. 

8. Between body of adjacent vertebrae are facet joints 
(see Fig. 1.48). 

Joints between the Atlas, 
the Axis and the Occipital Bone 
1 The atlanto-occipital and the atlantoaxial joints are 

designed to permit free movements of the head on 
the neck (vertebral column). 

2 The axis vertebra and the occipital bone are connected 
together by very strong ligaments. Between these 
two bones, the atlas is held like a washer. The axis of 
movement between the a tlas and skull is transverse, 
permitting fl exion and extension (nodding), whereas 
the axis of movement between the axis and the a tlas 
is ver tical, permi tting rotation of the head (Fig. 9.11). 
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Atlanto-occipital Joints 
Types and Articular Surfaces 
These are synovial joints of the ellipsoid variety. 
Above: The convex occipital condyles (Fig. 9.12). 
Below: The superior articular facets of the atlas vertebra. 
These are concave. The articula r surfaces are elongated, 
and are directed forwards and medially. 

Ligaments 
1 The fibrous capsule (capsular ligament) surrounds the 

joint. It is thick posterolaterally and thin anteromedially. 
2 The anterior atlanto-occipital membrane extends from 

the anterior margin of the foramen magnum above, 
to the upper border of the anterior arch of the atlas 
below (Fig. 9.11). Laterally, it is continuous with the 
anterior part of the capsular Jjgament, and anteriorly, 
it is strengthened by the cord-like anterior longitu-
dinal ligament. 

Anterior atlanto-occipital membrane ---

Joint cavily---ar.+---~ 

Anterior arch of atlas-----+-

3 The posterior atlanto-occipital membrane extends from 
the posterior margin of the foramen magnum above, 
to the upper border of the posterior arch of the atlas 
below. Inferolaterally, it has a free margin which 
arches over the vertebral artery and the first cervical 
nerve (see Fig. 10.5). Laterally, it is continuous with 
the posterior part of the capsular ligament. 

Arterial and Nerve Supply 
The joint is suppLied by the vertebral artery and by the 
first cervical nerve. 

Movements 
Since these are ellipsoid joints, they permit movements 
around two axes. Flexion and extension (nodding) 
occur around a transverse axis. Slight lateral flexion is 
permitted around an anteroposterior axis. 
1 Flexion is brought about by the longus capitis and 

the rectus capitis anterior. 

Membrana tectoria 

- --Occipital bone 
---r~ ~ - - - Foramen magnum 

- -----Posterior atlanto-occipital membrane 

-----Posterior arch of atlas 

--- ---- lnterspinous ligament 
Anterior longitudinal ligament - - --~ a------------ Posterior longitudinal ligament 

n 0 
Fig. 9.11 : Median section through the foramen magnum and upper two cervical vertebrae showing the ligaments in this region 

Foramen transversarium 
Lateral atlantoaxial joint----~;:,--..../ 

Fig. 9.12: Posterior view of the ligaments connecting the axis with the occipital bone 



2 Extension is done by the rectus ca pi tis posterior major 
and minor, the obliquus capitis superior, the semi-
spinalis capitis, the splenius capitis, and the upper 
part of the trapezius. 

3 Lateral bending is produced by the rectus capitis 
lateralis, the semispinalis capitis, the splenius capitis, 
the sternocleidomastoid, and the trapezius (Fig. 9.13). 

Atlantoaxial Joints 
Types and Articular Surfaces 
These joints comprise: 

1 A pair of lateral atlantoaxial joints between the 
inferior facets of the atlas and the superior facets of 
the axis. These are plane joints. 

2 A median atlantoaxial joint between the d ens 
(odontoid process) and the anterior arch and between 
dens and transverse ligament of the atlas. It is a pivot 
joint. The joint has two separate synovial cavities, 
anterior and posterior {Figs 9.11 and 9.12). 

(a) 

(b) 

Lefl~ Right 

\ I / 
'\ / ' , 

(c) 
Figs 9.13a to c: Various movements of the neck 
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Ligaments 
The lateral atlantoaxial joints are supported by: 

a. A capsular ligament all around. 
b. The lateral p a rt of the anterior longitudinal 

ligament. 
c. The ligamentum flavum. 
The median atlantoaxial joint is strengthened by the 

following: 
a. The anterior smaller part of the joint between the 

anterior arch of the atlas and the dens is surroun-
ded by a loose capsular ligament (Fig. 9.11). 

b. The posterior larger part of the joint between the 
dens and transverse ligament (often called a bursa) 
is often continuou s w i th one of the atlanto-
occipital joints. Its main support is the transverse 
ligament which forms a part o f the cruciform 
ligament of the atlas (Fig. 9.12). 

The transverse ligament (Fig. 9.12) is attached on each 
side to the medial surface of the lateral mass of the atlas. 
In the median plane, its fibres are prolonged upwards 
to the basiocciput and downwards to the body of the 
axis, thus forming the cruciform ligament of the atlas 
vertebra. The transverse ligament embraces the narrow 
neck of the dens, and prevents its dislocation. 

Movements 
Movements at all three joints are rotatory and take place 
around a vertical axis. The dens forms a pivot around 
which the a tlas rotates (carrying the skull with it). The 
movement is limited by the alar ligaments (Figs 9.12 
and 9.13a to c). 

The rotatory movements are brought about by the 
obliquus capitis inferior, the rectus capitis posterior 
major and the splenius capitis of one side (see Fig. 10.5), 
acting w ith the s temocleidomastoid o f the opposite 
side. 

Ugamenfs Connecting the Axis 
with the Occipital Bone 
These ligaments are the membrana tectoria, the cruciate 
ligament, the apical ligament of the dens and the alar 
liga ments. They support both the atlanto-occipital and 
atlantoaxial joints. 
1 The membrana tectoria is an upward continuation of 

the posterior longitudinal liga ment. lt lies posterior 
to the transverse ligament. It is attached inferiorly 
to the posterior surface of the body of the axis and 
superiorly to the basiocciput (within the foramen 
magnum) (Fig. 9.11). 

2 Cruciate ligament (see transverse ligament). 
3 The apical ligament of the dens extends from the apex of 

the dens to the basiocciput inferior to the attachment 
of the cruciate ligament. It is the continuation of the 
notochord (Fig. 9.11). 
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4 The afar ligament, one on each side, extends from the 
upper part of the lateral surface of the dens to the medial 
surface of the occipital condyles. These are strong 
ligaments which limit the rotation and flexion of the 
head. They are relaxed during extension (Fig. 9.12). 

CLINICAL ANATOMY 

• Death in execution by hanging is due to 
dislocation of the dens following rupture of the 
transverse ligament of the dens, which then 
crushes the spinal cord and medulla. However, 
hanging can also cause fracture through the axis, 
or separation of the axis from the third cervical 
vertebra (Fig. 9.14). 

• Cervical spondylosis. Injury or degenerative changes 
of old age may rupture the thin lateral parts of 
the annu lus fibrosus (of the intervertebral disc) 
resulting in prolapse of the nucleus pulposus. This 
is known as disc prolapse or spondylosis and may 
be lateral or median (Fig. 9.15). Although, it is 
commonest in the lumbar region, it may occur in 
the lower cervical region. This causes shooting 
pain along the distribution of the cervical nerve 
pressed. A direct posterior prolapse may compress 
the spinal cord. 

• Cervical vertebrae may be fractured, or dislocated 
by a fall on the head w ith acute flex ion of the neck. 
In the cervical region, the vertebrae can dislocate 
without any fracture of the articular processes due 
to their horizontal position. 

• Pithing of frog takes place when the cruciate 
ligament of median atlantoaxial joint ruptures, 
crushing the vital centres in medulla oblongata, 
resulting in immediate death. This occurs in 
judicial hanging as well. 

• The degenerative changes or spondylitis may 
occur in the cervical spine, leading to narrowed 
intervertebral foramen, causing pressure on the 
spinal nerves (Fig. 9.16). 
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Fig. 9.14: Fracture of the dens during hanging 

--- Herniated nucleus 

Annulus ---,.,,,;.......,.:.i-
fibrosis 

Section of __ __, 
spinal cord 

pulposus pressing 
on the spinal 

erve 

Fig. 9.15: Lateral intervertebral disc prolapse 

Fig. 9.16: Spondylitis 

• Vertebral artery comprises 4 parts 
a. First part in neck 
b. Second part in forearm transversaria of C6 to 

Cl vertebrae 
c. Third part on the posterior arch of atlas. 
d . Fourth part through foramen magnum in the 

cranial cavity 
• Apical ligament is a remnant of notochord 
• Median atlantoaxial joint is a pivot type of joint, 

permitting movement of 'No' 
• Atlanto-occipital joint is an e llipsoid joint 

permitting movement of 'Yes' 
• Transverse ligament of atlas is part of the cruciate 

ligament. It keeps the dens of axis in position. 

CLINICOANATOMICAL PROBLEMS 

Case 1 
A person is to be hanged till death for his most 
unusual and rare crime 



• What anatomical changes occur d u ring this 
procedure? 

• Name the ligaments of median atlantoaxial joint. 
Ans: Death in execution by hanging is due to 
dislocation of the dens of the axis vertebra following 
rupture of the transverse ligament of the dens. Dens 
all of a sudden is pushed backwards with great force, 
crushing the lowest part of medulla oblongata which 
houses the vasomotor centres 
The ligaments of atlantoaxial joint ru·e: 
• Transverse ligament of dens 
• Upper part of vertical band 
• Lower part of vertical band 

These three parts form cruciform ligament of the 
atlas vertebra. 

There are two joint cavities. The anterior one 
between the posterior surface of anterior arch of atlas 
and dens. It is surrounded by loose capsular ligament. 

The posterior, larger one is between the dens and 
the transverse ligament of the dens (Fig. 9.11). 

PREVERTEBRAL AND PARAVERTEBRAL REGIONS 111111 
Case 2 
A man aged 55 years complained of dysphagia in 
eating solid and even soft food and liquids. There 
was a large lymph node felt at the anterior border of 
stemocleidomastoid muscle. The diagnosis on biopsy 
was cancer of cervical part of oesophagus. 
• How was the large lymph node formed? 
• Why did the patient have dysphagia? 
• Where can the cancer spread around oesophagus? 
Ans: The pain during eating or drinking is due to 
cancer of the oesophagus. The cancer obliterates 
increasing part of the lumen, giving rise to pain. The 
lymphatic drainage of cervical part of oesophagus 
goes to inferior group of deep cervical lymph 
nodes. These had metastasized to the lymph node at 
the anterior border of stemocleidomastoid muscle. 
Since trachea lies just anterior to oesophagus, the 
cancer can spread to trachea or any of the principal 
bronchi. It may even of cause narrowing of trachea 
or bronchi. 

FREQUENTLY ASKED QUESTIONS 

1. Describe m edian atlantoaxial joint. Name 
the movements which occur here with their 
muscles. 

2. Describe atlanto-occipital joint briefly. 

3. Write short notes on/enumerate: 
a. Ligaments connecting axis to the skull 
b. Cruciate ligament 
c. Parts of vertebral artery 

MULTIPLE CHOICE QUESTIONS 

1 . How many synoviaJ cavities are there in median 
atlantoaxial joint? 
a. One b. Three 
c. Two d. Four 

2. Which of the following ligaments is the upward 
continuation of rnembrana tectoria? 
a. Posterior longitudinal 
b. Ligamentum nuchae 
c. Ligamentum flava 
d . Anterior longitudinal 

3. Which ligament mentioned below is chiefly elastic? 
a. Anterior longitudinal 
b. Ligamenta flava 

c. Ligamentwn nuchae 
d. Posterior longitudinal 

4. Where is the intervertebraJ disc absent? 
a. Between first and second cerv ica l vertebrae 
b. Between thoracic twelve and firs t lumbar 

vertebrae 
c. Between thoracic one and cervical seven vertebrae 
d. Between lumbar five and first sacral vertebrae 

5. Which of the following join ts do no t have a 
fibrocartilaginous intra-articular disc? 
a. Temporomandibular 
b. Shoulder 
c. Sternoclavicular 
d. Inferior radio ulnar 

ANSWERS 
1. c 2. a 3. b 4. a 5. b 



Back of the Neck 
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INTRODUCTION 
The vertebral column at back provides a median axis for 
the body (see Vol 1-Chap 13; Vol 2-Chap 15; Vol 3-
Chap 1). The joints of neck are described in Chap 9. 
There are big muscles from the sacrum to the skull in 
different strata w hich keep the spine straight. The only 
triangle in the upper most part of back is the suboccipital 
triangle containing the third part of the vertebral artery, 
which enters the skull to supply the brain. If i t gets 
pressed, many symptoms appear. 

THE MUSCLES 

DISSECTION 
Extend the incision from external occipital protuber-
ance (i), to the spine of the seventh cervical vertebra. 
Give a horizontal incision from spine of 7th cervical 
vertebra or vertebra prominens (iv) , till the acromion (v) . 
This will expose the upper part and apex of posterior 
triangle of neck. Look for the occipital artery at its apex. 

Extend the incision from vertebra prominens to spine 
of lumbar 5 vertebra. Reflect the skin laterally along an 
oblique line from spine of T12 (ii), till the deltoid 
tuberosity (iii) (Fig. 10.1 ). 

Close to the median plane in the superficial fascia 
are seen the greater occipital nerve and occipital artery. 

Cut through trapezius muscle vertically at a distance 
of 2 cm from the median plane. Reflect it laterally and 
identify the accessory nerve, superficial branch of 
transverse cervical artery and ventral rami of 3rd and 
4th cervical nerves (refer to BOC App). 

Latissimus dorsi has already been exposed by the 
students dissecting the upper limb. Otherwise extend 
the incision from T12 spine till LS spine. Reflect the 
skin till lateral side of the trunk and define the margins 
of broad thin latissimus dorsi. This muscle and trapezius 
form the first layer of muscles. 
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The second layer comprises splenius muscle, levator 
scapulae, rhomboid major, rhomboid minor, serratus 
posterior superior and serratus posterior inferior muscles. 
The splenius is the highest of these muscles. 

Levator scapulae forms part of the muscular floor of 
the posterior triangle. It is positioned between scalenus 
medius below and splenius capitis above. Follow its 
nerve and blood supply from dorsal scapular nerve and 
deep branch of transverse cervical artery, respectively. 

Spinal root of accessory nerve and fibres from C3 
and C4 to trapezius muscle lie on the levator scapulae. 

Rhomboid minor and major lie on same plane as 
levator scapulae. Both are supplied by dorsal scapular 
nerve (CS). 

Deep to the two rhomboid muscles is thin aponeurotic 
serratus posterior superior muscle from spines of C7 
and T1-T2 vertebrae to be inserted into 2-Sth ribs. 
Serratus posterior inferior muscle arises from T11 to 
T12 spines and thoracolumbar fascia and is inserted 
into 9th- 12th ribs. 

The third layer is composed of erector spinae or 
sacrospinal is with its three subdivisions and 
semispinalis with its three divisions (Figs 10.2a to c). 

Erector spinae arises from the dorsal surface of 
sacrum and ascends up the lumbar region. There it 
divides into three subdivisions, the medial one is 
spinalis, inserted into the spines, the intermediate one 
is longissimus inserted into the transverse processes 
and the lateral one is iliocostalis, inserted into the ribs. 
Each of these divisions is made of short parts, fresh 
slips arising from the area where the lower slips are 
inserted (Fig. 10.3). 

Deep to erector spinae is the semispinalis again 
made up of three parts: semispinalis thoracis , 
semispinalis cervicis and semispinalis capitis. 

Both these muscles are innervated by the dorsal rami 
of cervical, thoracic, lumbar and sacral nerves. 

Muscles of fourth layer are the multifidus, rotatores, 
interspinales, intertransversarii and suboccipital 
muscles (Fig. 10.4). 



/"'4_..._ ____ Back of scalp 

Vertebra - ---
prominens (iv) 

Scapula __ _,_,..__~ 

Eighth rib - -----,/.d,1--.~ 

External occipital 
protuberance (i) 

~~~--Acromion (v) 

Deltoid 
tuberosity (iii) 

Fig. 10.1 : Lines of dissection 

Nerve Supply of Skin 
The skin of the nape or back of the neck, and of the 
back of the sca lp (Fig. 10.2) is supplied by medial 
branches of the dorsal rami of C2 the greater occipital 
neroe; C3 the third occipital neroe. Each posterior primary 
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ramus divides into a medial and a lateral branch, both 
of which supply the intrinsic muscles of the back. The 
medial branch in this region supplies the skin as well. 
The dorsal ramus of Cl does not divide into medial and 
lateral branches, and is distributed only to the muscles 
bounding the suboccipital triangle. 

The ligamentum nuchae is a triangular fibrous sheet 
that separates muscles of the two sides of the neck. It is 
better developed and is more elastic in quadrupeds in 
whom, it has to support a heavy head. 

MUSCLES OF THE BACK 
The muscles of the entire back can be grouped into the 
following four layers from superficial to the deeper 
plane. 
1 Trapezius and latissimus dorsi (see Chapter 5, 

Volume 1). 
2 Levator scapulae, rhomboids (two), serratus 

posterior superior have been studied in Chapter 5, 
Volume 1. Serratus posterior inferior is mentioned 
in Chapter 24, Volume 2. Splenius is described briefly 
here. 
Splenius muscles are two in number. These are 
splenius cervicis and splenius capitis. These cover 
the deeper muscles like a bandage (Figs 10.2a 
and b). 
Origin: From lower half of ligamentum nuchae and 
spines of upper 6 thoracic vertebrae. These curve in 
a half spiral fashion and separate into splenius 
cervicis and splenius capitis. 
Splenius cervicis gets inserted into the posterior 
tubercles of transverse processes of Cl-C4 vertebrae. 

Occipital-----:.<. 
artery ~l Trapezius 

Stemocleido-
mastoid 

i,.,_ _ __ Occipital artery 

} [ Superior oblique capitis 
'E Inferior oblique capitis -----,1 
(") 

Longissimus capitis --~ 

Semispinalis capitis __ ..,,,_.../ 

',+-- -- Greater occipital 
nerve (C2) 

:VA1
~ -- 3rd occipital 

nerve 
Lesser occipital 
nerve 
Ligamentum 

(a) 

nuchae 
Spines 

Transverse 
process 

D 
D 

Greater--.J...._ ___ ......,.., 
occipital nerve 

Sternocleidomastoid--+-411 
Semispinalis capitis --~ 

Splenius capitis---~ Ligamentum 
nuchae 

Figs 10.2a and b: Three layers of muscles covering the suboccipital triangle: (a) First and third layers, and (b) second layer of 
muscles 
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Splenius capitis forms the floor of the posterior 
triangle and gets inserted into the mastoid process 
beneath the sternocleidomastoid muscle (Fig. 10.5). 
It is supplied by dorsal ra.mi of Cl-C6 nerves. 

3 a. Erector spinae or sacrospinalis is the true muscle 
of the back, supplied by posterior rami of the 
spinal nerves. It extends from the sacrum to the 
skull (Fig. 10.3). 
Origin mainly from the back of sacrum between 
median and lateral sacral crests, from the dorsal 
segment of iliac crest and related ligaments. Soon 
it splits into three columns: Jl.i ocos tali s, 
longissimus, and spinalis: 

1. Iliocostalis is the lateral column and comprises 
iliocostalis lumborum, iliocostalis thoracis 
and il iocostalis cervicis. 
These are short slips and are inserted into 
angles of the ribs and posterior tubercles of 
cervical transverse process. Origin of the 
higher slips is medial to the insertion of the 
lower slips. 

u. Longissimus is the middle column and is 
composed of: 
Longissimus thoracis-inserted into transverse 
processes of thoracic vertebrae. 

lliocostalis --~-==J,[]!;~L 

~ ~ ~---Longissimus 
cervicis 

cervicis 

lliocostalis ---,,,c..,,<~ Ae.t-"tl ltl~4t.\\lL.-i 
thoracis 

<Y==-i-t~ ~ T"" Longissimus 
thoracis 

Spinalis ~,r-,,~ lb-b,1';;,Fl 
thoracis 

~ .,,.....,.._."'-s:::;).-'d-f- Longissimus 
lumborum 

lliocostalis __ __, 
lumborum 

s-\'"'3-~ is;;;;-=..--- Erector 
spinae 

Fig. 10.3: The erector spinae/sacrospinalis muscle with its three 
columns 

Longissimus cervicis-inserted into trans-
verse process of C2-C6 vertebrae. 
Longissimus capitis-inserted into mastoid 
process (Fig. 10.3). 

iii. Spinn/is is the medial column, extending 
between lumbar and cervical spines. Its parts 
are: Spinalis lumborurn, spinalis thoracis, and 
spinalis cervicis. 

b. The other muscle of this layer is semispinalis 
extending between transverse processes and 
spines of the vertebrae. It has three parts: 

i. Semispinalis thoracis (Fig. 10.4). 
i i. Semispinalis cervicis 

iii. Semispinalis capitis 

It only lies in the upper half of vertebral column. 
Semispinalis capitis is its biggest component. It 
arises from transverse processes of C3-T4 
vertebrae, passes up next to the median plane, and 
ge ts inserted in to the media l area between 
superior and inferior nuchaJ lines of the occipital 
bone. 

4 M ultifid us, rota tores, interspinales, intertransversarii 
and suboccipital muscles. Multifidus is one of the 
oblique deep muscles. It arises from mam millary 

..,,,.. ___ Semispinalis 
capitis 

,...-......... ---Semlspinalis 
cervicis 

11-1~----a~ - Semispinalis 
thoracis 

Fig. 10.4: Splenius cervicis and capilis; three parts of semispinalis-
the multifidus, levator costarum and intertransversarii muscles 



process of lumbar vertebrae to be inserted into 2-3 
higher spinous processes. Rotatores are the deepest 
group. These pass from root of transverse process to 
the root of the spinous process. These are well 
developed in thoracic region . In terspinales lie 
between the adjacent spines of the vertebrae. These 
are better developed in cervical and lumbar regions. 
lntertransversarii connect the transverse processes 
of the adjacent vertebrae. 

SUBOCCIPITAL TRIANGLE 

DISSECTION 
It is deep triangle in the area between the occiput and 
the spine of second cervical (the axis) vertebra. The 
deepest muscles are the muscles of suboccipital 
triangle. 

Cut the attachments of trapezius from superior nuchal 
line and reflect it towards the spine of scapula. Cut the 
splenius capitis from its attachment on the mastoid 
process and reflect it downwards. Clean the superficial 
fascia over the semispinalis capitis medially and 
longissimus capitis laterally. Reflect longissimus capitis 
downwards from the mastoid process. 

Cut through semispinalis capitis and turn it towards 
lateral side. Define the boundaries and contents of the 
suboccipital triangle. 

Muscle Layers In Neck (Fig . l 0.4) 
In the suboccipital region between the occiput and the 
spine of the axis vertebra, the four muscular layers are 
represented by: 
• Trapezius. 
• Splenius capitis. 
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• Semispinalis capitis and longissimus capitis. 
• The four suboccipital muscles. 

The arteries found in the back of the neck are: 
a. Occipital 
b. Deep cervical 
c. Third part of the vertebral artery 
d. Minute twigs from the second part of the vertebral 

artery. 
The suboccipital venous plexus is known for its 

extensive layout and complex connections. 

Suboccipltal Muscles 
The suboccipital muscles are described in Table 10.1. 

The suboccipital triangle is a muscular space situated 
deep in the suboccipital region. 

Exposure of Subocclpital Triangle 
In order to expose the triangle, the following layers are 
reflected (Fig. 10.5). 
1 The skin is very thick. 
2 The superficial fascia is fibrous and dense. It contains: 

a. The greater and third occipital nerves. 
b. The terminal part of the occipital ar tery, with 

accompanying veins. 
3 The fibres of the trapezius run downwards and 

laterally over the triangle. The stem ocleidomastoid 
overlaps the region laterally. 

4 The spleni11s capitis runs upwards and lateraJly for 
insertion into the mastoid process d eep to the 
stem ocleidomastoid. 

5 The semispinalis capitis runs vertically upwards for 
insertion into the medial part of the area between the 
superior and inferior nuchal lines. In the same plane 

Table 10.1: The suboccipital muscles 
Muscle Origin 

1. Rectus capitis posterior Spine of axis 
major (Fig. 10.5) 

Insertion 
Lateral part of the 
area below the 
inferior nuchal line 

2. Rectus capitis posterior Posterior Medial part of the 
minor (Fig. 10.5) tubercle of atlas area below the inferior 

nuchal line 

3. Obliquus capitis superior Transverse Lateral area between 
(superior oblique) process of atlas the nuchal lines 

4. Obliquus capitis inferior Spine of axis 
(inferior oblique Fig. 10.5) 

Transverse process of 
atlas 

Nerve supply 
Suboccipital nerve 
or dorsal ramus C1 

Actions 
1. Mainly postural 
2. Acting alone, it turns the 

chin to the same side 
3. Acting together, the two 

muscles extend the head 

1. Mainly postural 
2. Extends the head 

1. Mainly postural 
2. Extends the head 
3. Flexes the head laterally 

1. Mainly postural 
2. Turns chin to the same side 
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laterally, there lies the longissimus capitis which is 
inserted into the mastoid process deep to the splenius. 
Reflection of the semispinalis capitis exposes the 

suboccipital triangle. 

Boundaries 
Superomedially 
Rectus capitis posterior major muscle supplemented by 
the rectus capitis posterior minor (Fig. 10.5). 

Superolateral/y 
Superior oblique capitis muscle. 

Inferiorly 
Inferior oblique capitis muscle. 

Roof 
Medially 
Dense fibrous tissue covered by the semispinalis capitis. 
Laterally 
Longissimus capitis and occasionally the splenius capitis. 

Floor 
1 Posterior arch of atlas. 
2 Posterior atlanto-occipital membrane. 

Contents 
1 Third part of vertebral artery (Fig. 10.6). 
2 Dorsal ramus of nerve Cl- suboccipital nerve. 
3 Suboccipital plexus of veins. 

Dorsal Ramus of First Cervical Nerve 
It emerges between the posterior arch of the atlas and 
the vertebral artery, and soon breaks up into branches 
which supply the four suboccipital muscles and the 
semispinalis capitis. The nerve to the inferior oblique 
gives off a communicating branch to the greater 
occipital nerve capitis (Figs 10.5 and 10.6). 

Greater Occipital Nerve 
It is the large medial branch of the dorsal ram us of the 
second cervical nerve. It is the thickest cutaneous nerve 
in the body. It winds round the middle of the lower 
border of the inferior oblique muscle, and runs upwards 
and medially. It crosses the suboccipital triangle and 
pierces the semispinalis capitis and trapezius muscles 
to ramify on the back of the head reaching up to the 
vertex. It supplies the semispinalis capitis in addition 
to the scalp (Fig. 10.2a). 

Third Occipital Nerve 
It is the slender medial branch of the dorsal ramus 
of the thir d cervical nerve. After piercing the semi-
spinalis capitis and the trapezius, it ascends medial 
to the greater occipital nerve. It su pplies the skin to 
the back of the neck up to the external occipital pro-
tuberance (Fig. 10.2a). 

Vertebral Artery 
It is the first and largest branch of the first part of the 
subclavian artery, destined chiefly to supply the brain. 
Out of its four parts, only the third part appears in the 
suboccipital triangle (Figs 10.5 and 10.6). This part 

Occipital artery ---------------11• 1+-- - -- Greater occipital nerve 

Sternocleidomastoid ----------~~ 

Transverse process of atlas ------+-
Vertebral artery (3rd part) - -----~ 

Dorsal ramus of C1 ----~ 

Posterior arch of atlas ______ __,, 

Communicating branch to greater occipital nerve 

---- Rectus capitis posterior minor 

---- Rectus capitis posterior major 

Posterior atlanto-occipital membrane 

..__ ______ Inferior oblique capitis 

Fig. 10.5: Left suboccipital triangle: Boundaries, floor and contents 



Ventral ramus 

Dorsal ramus 
Posterior arch of atlas 

Superior articular 
facet for atlas 

Vertebral artery 

Fig. 10.6: Relationship of the vertebral artery to the atlas vertebra 
and to the first cervical nerve, as seen from above 

appears at the foramen transversarium of the atlas, 
grooves the atlas, and leaves the triangle by passing 
deep to the la teral edge of the posterior atlanto-occipital 
membrane. The artery is separated from the posterior 
arch of the atlas by the first cervical nerve and its dorsal 
and ventral rami. For comple te d escription of the 
vertebral artery, see Chapter 9. 

Occipital Artery 
It arises from the external carotid artery, opposite the 
origin of the facial artery (Figs 10.2 and 10.5). It runs 
backwards and upwards deep to the lower border of 
the posterior belly of the digastric, crossing the carotid 
sheath, and the accessory and hypoglossal nerves. Next 
it runs deep to the mastoid process and to the muscles 
a ttach ed to it; the sternocleid omastoid, digas tric, 
splenius capitis and longissimus capitis. The artery then 
crosses the rectus capitis lateralis, the superior oblique 
and the semispinalis capitis muscles at the apex of the 
posterior triangle. Finally, it pierces the trapezius 2.5 cm 
from the midline and comes to lie along the g reate r 
occipital nerve. In the superficial fascia of the scalp, it 
has a tortuous course. 

Its branches in this region are: 
a. Mastoid 
b. Meningeal 
c. Muscular. 
One of the muscular branches is large, it is called the 

descending branch and has superficial and deep branches. 
The superficial branch anasto moses w ith the superficial 
branch of the transverse cerv ical artery; while the deep 
branch descen ds between th e semispinalis capitis 
and cervicis, and anastomoses with the vertebral and 
deep cervical arteries. It also gives two branches to 
stemocleidomastoid muscle. 
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Deep Cervical Artery 
It is a branch of the costocervical trunk of the subclavian 
artery. It passes into the back of the neck just above the 
neck of the first rib. It ascends deep to the semispinalis 
capitis and anastomoses with the descending branch of 
the occipital artery (see Fig. 8.19). 

Suboccipital Plexus of Veins 
It lies in and around the suboccipital triangle, and drains 
the: 
1 Muscular veins 
2 Occipital veins 
3 Internal vertebral venous plexus 
4 Condylar emissary vein. It itself drains into the deep 

cervical and vertebral plexus of veins. 

CLINICAL ANATOMY 

• Neck rigidity, seen in cases with meningitis, is due 
to spasm of the extensor muscles. This is caused 
by irrita tion of the nerve roots during their 
passage through the subarachnoid space which is 
infected . Passive flexion of neck and straight leg 
raising test cause pain as the nerves are stretched 
(Figs 10.7a and b). 

• Cistemal puncture is done when lumbar puncture 
fails. The patient either sits up or lies down in the 
left lateral position. A needle is introduced in the 
rnidline above the spine of ax.is in forward and 
upward direction parallel to an imaginary line 
extending from external acoustic meatus to nasion. 
It passes through the posterior atlanto-occipital 
membrane between the posterior arch of a tlas and 
the posterior margin of foramen magnum. The 
needle enters the cerebellomedullary cistern and 
small amount of CSF is withdrawn. 

• Neurosurgeons approach the posterior crania l 
fossa through this region. 

Fig. 10.7a: Passive flexion of neck 
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Fig. 10.7b: Straight leg raising test causes pain in meningitis 

Muscles of the back are disposed in four layers: 
• Muscles of 1st and 2nd layers are supplied by 

nerves of upper limb except trapezius, splenius 
capitis and splenius cervicis. 

• Muscles of 3rd and 4th layers are true muscles of 
the back, supplied by dorsal primary rami. 

• Artery lying on posterior arch of atlas is the third 
part of vertebral artery. 

• Greater occipital nerve is the thickest cutaneous 
nerve of the body. 

CLINICOANATOMICAL PROBLEM 

A child aged 8 years has been having high grade 
fever w ith bad throat. On 4th day he could not 
move his neck during drinking water or milk as there 
was severe pain in the neck. 
• Why is there pain even in drinking water? 
• How has it become such a serious condition? 
Ans: Due to bad throat, the infection from pharynx 
reached middle ear via pharyngotympanic h.tbe, from 
where it infected the meninges of the brain. This is a serious 
condition and is called meningitis. The child shows neck 
rigidity. It is due to spasm of the extensor muscles and is 
caused by irritation of nerve roots during their passage 
through subarachnoid space, which is infected. 

Passive flexion of neck and sh·aight leg raising test 
result in pain as the nerves are stretched (Figs 10.7a 
and b). 

FREQUENTLY ASKED QUESTIONS 

1. Enumerate the boundaries and contents of the sub-
occiptal triangle. Name the muscles supplied by 
dorsal ramus of 1st cervical nerve. 

2. Name the various parts of sacrospinalis/ erector 
spinae muscle. 

3. Write short notes on: 
a. Occipital artery 
b. Meningitis 

MULTIPLE CHOICE QUESTIONS 

1. Which action is not done by trapezius muscles? 
a. Protraction of scapula 
b. Shrugging of shoulder 
c. Retraction of scapula 
d. Overhead abduction of scapula 

2. Sacrospinalis does not form: 
a. Spinalis 
c. Iliocostalis 

b. Longissimus 
d. Splenius 

3. Which part of vertebral artery lies in the sub-
occipital triangle? 
a. 1st 
C. 2nd 

b. 3rd 
d. 4th 

4. Dorsal ramus of one of the cervical nerves has no 
cutaneous branch: 
a. 1st 
c. 3rd 

b. 2nd 
d. 4th 

5. Which is the thickest cutaneous nerve of the body? 
a. Greater occipital 
b. Lesser occipital 
c. Great auricular 
d. Third occipital 

6. Which of the following cervical nerves is known as 
suboccipital nerve? 
a. 1st 
c. 3rd 

b. 2nd 
d. 4th 

ANSWERS 
1. a 2. d 3.b 4. a 5. a 6. a 
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Contents of Vertebral Canal 
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When the vertebrae are pu t in a sequ ence, their 
vertebral fora mina lie one below the other forming a 
con tinuous canal which is called the vertebral cannl. This 
canal contains the three meninges with their spaces and 
the s pina l cord includ ing th e cauda equina. The 
intervertebral forarnina are a pair of foramina between 
the pedicles of the adjacent vertebrae. Each foramen 
conta ins dorsal and ventral roots, trunk and dorsal and 
ventral primary rami of the spinal nerve, and spinal 
vessels. 

REMOVAL OF SPINAL CORD 

DISSECTION 
Clean the spines and laminae of the entire vertebral 
column by removing all the muscles attached to them. 
Trace the dorsal rami of spinal nerves towards the 
intervertebral foramina. Saw through the spines and 
laminae of the vertebrae carefully and detach them so 
that the spinal medulla/spinal cord encased in the 
meninges becomes visible. 

Clean the external surface of dura mater enveloping 
the spinal cord by removing fat and epidural plexus of 
veins. Carefully cut through a small part of the dura 
mater by a fine median incision. Extend this incision 
above and below. See the delicate arachnoid mater. 
Incise it. Push the spinal cord to one side and try to 
identify the ligamentum denticulatum. Define the 
attachments of the dorsal and ventral nerve roots on 
the surface of spinal cord and their union to form the 
trunk of the spinal nerve. Cut the trunk of all spinal 
nerves on both the sides. Gently pull the spinal cord 
with cauda equina out from the vertebral canal. 

CONTENTS 
The vertebral canal contains the following structures 
from without inwards (Fig. 11.1). 
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1 Epidural or extradural space. 
2 Thick dura mater or pachymeninx. 
3 Subdural capillary space. 
4 Delicate a rachnoid mater. 
5 Wide subarachnoid space con taining cerebrospinal 

fluid (CSF). 
6 Firm pia mater. The arachnoid and pia together form 

the leptomeninges. 
7 Spinal cord or spinal medulla and the cauda equina. 

The spinal cord is considered along with the brain in 
Chapter 3, Volume 4. The other contents are described 
below. 

Epidural Space 
Epidural space lies between the spinal dura mater, and 
the periosteum with ligaments lining the vertebral canal. 

It contains: 
a. Loose areolar tissue. 
b. Semiliquid fat. 

~----- Dura mater 
~--- Arachnoid mater 

,,---Pia mater 

Trunk of spinal 
nerve 
Dorsal ramus 

Ventral ramus 

~--Ligamentum denticulatum 

Subdural space 
Linea splendens 

Fig. 11.1: Schematic transverse section showing the spinal 
meninges 

I 
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c. Spinal arteries on their way to supply the deeper 
contents. 

d. The internal vertebral venous plexus. 
The spinal arteries arise from different sources at 

different levels; they enter the vertebral canal through 
the intervertebral foramina, and supply the spinal cord, 
the spinal nerve roots, the meninges, the periosteum 
and ligaments. 

Venous blood from the spinal cord drains into the 
epidural or internal vertebral plexus. 

Spinal Dura Mater 
Spinal dura mater is a thick, tough fibrous membrane 
which forms a loose sheath around the spinal cord 
{Fig. 11.2). It is continuous with the meningeal layer of 
the cerebral dura mater. The spinal dura extends from 
the foramen magnum to the lower border of the second 
sacral vertebra; whereas the spinal cord ends at the 
lower border of first lumbar vertebra. The dura gives 
tubular prolongations to the dorsal and ventral nerve 
roots and to the spinal nerves as they pass through the 
intervertebral foramina. 

Subdural Space 
Subdural space is a capillary or potential space between 
the dura and the arachnoid, containing a thin film of 
serous fluid. This space permits movements of the dura 
over the arachnoid. The space is continued for a short 
distance on to the spinal nerves, and is in free 
communication with the lymph spaces of the nerves. 

Arachnoid Mater 
Arachnoid mater is a thin, delicate and transparent 
membrane tha t loosely invests the entire central 
nervous system (Fig. 11.2). Inferiorly, it extends, like 

I Ligamentum l 
1 

deolic,tat,m 

1 

Space for spinal cord 

.----Dura mater 

-+---Subdural space 

-+-+----Subarachnoid 
space 

Fig. 11 .2: Ligamentum denticulatum and its relationship to the 
dura mater and to the arachnoid mater 

the dura, up to the lower border of the second sacral 
vertebra. It is adherent to the dura only where some 
structures p ierce the membrane, and where the 
ligamentum denticulata are attached to the dura mater. 

Subarachnoid Space 
Subarachnoid space is a wide space between the pia 
and the arachnoid, filled with cerebrospinal fluid (CSF). 
It surrounds the brain and spinal cord like a water 
cushion. The spinal subarachnoid space is wider than 
the space around the brain. It is widest below the lower 
end of the spinal cord where it encloses the cauda 
equina. Lumbar puncture is usually done in the lower 
widest part of the space, between third and fourth 
lumbar vertebrae. 

Spinal Pia Mater 
Spinal pia mater is thicker, firmer, and less vascular than 
the cerebral pia, but both are made up of two layers: 
a. An ou ter epi-pia containing larger vessels. 
b. An inner pia-glia or pia-intima which is in contact with 

nervous tissue. 
Between the two layers, there are many small blood 

vessels and also cleft like spaces which communicate 
with the suba rachnoid space. The pia mater closely 
invests the spinal cord, and is continued below the spinal 
cord as the filum terminale. 

Posteriorly, the pia is adherent to the posterior 
median septum of the spinal cord, and is also connected 
to the arachnoid by a fenestrated subaraclmoid septum. 

Anteriorly, the pia is folded into the anterior median 
fissure of the spinal cord. It thickens at the mouth of 
the fissure to form a median, longitudinal glistening 
band, called the linea splendens (Fig. 11.1). 

On each side between the ventral and dorsal nerve 
roots, the pia forms a narrow vertical ridge, called the 
ligamentum denticulatum. This is so called because it 
gives off a series of triangular tooth-like processes 
which project from its lateral free border (Fig. 11.3). 
Each ligament has 21 processes; the first at the level of 
the foramen magnum, and the last between twelfth 
thoracic and first lumbar spinal nerves. Each process 
passes through the arachnoid to the dura between two 
adjacent spinal nerves. The processes suspend the spinal 
cord in the middle of the subarachnoid space. 

Thefilum terminate is a delicate, thread-like structure 
about 20 cm long. It extends from the apex of the 
conus medullaris to the dorsum of the first piece of the 
coccyx. It is composed chiefly of pia mater, although 
a few nerve fibres rudiments of 2nd and 3rd coccygeal 
nerves are found adherent to the upper part of its 
outer surface. The central canal of the spinal cord 
extends into it for about 5 mm. 

The filum terminale is subdivided into a part lying 
within the dural sheath called the filum terminale 
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Ligamentum 
denticulatum 
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Fig. 11 .3: Ligamentum denticulatum 

internum; and a part lying outside the dural sheath, 
below the level of the second sacral vertebra called the 
filum terminate extenwm. The filum terminale internum 
is 20 cm long, and the extemum is 5 cm long. 

Pia/ sheaths surround the nerve roots crossing the 
subarachnoid space, and the vessels entering the 
substance of the spinal cord. 

CLINICAL ANATOMY 

Leptomeningitis 
• Inflammation due to infection of leptomeninges, 

i.e. pia mater and arachnoid mater is known as 
meningitis. This is commonly tubercular or 
pyogenic. It is characterized by fever, marked 
headache, neck rigidity, often accompanied by 
delirium and convulsions, and a changed 
biochemistry of CSP. CSP pressure is raised, its 
proteins and cell content are increased, and sugars 
and chloride are selectively diminished. 

• Lumbar puncture in adult: Patient is lying on side 
with maximally flexed spine. A line is taken 
between highest points of iliac spine at L4 level. 
Skin locally anaesthetized, and lumbar puncture 
needle with trocar inserted carefully between L3 
and L4 spines. Needle courses through skin fat, 
supraspinous and interspinous ligaments, liga-
mentum flava, epidural space, dura, araclu1oid, 
subarachnoid space to release CSP (Fig. 11.4). 

• Lumbar puncture in infant/children: During 2nd 
month of life, spinal cord usually reaches L3 level. 
Lumbar puncture needle is introduced in flexed 
spine between L4 and l5. 

• Cisternal puncture: This procedure is rather difficult 
and dangerous. Cerebellomedullary cistern is 

CONTENTS OF VERTEBRAL CANAL 

approached through posterior atlanto-occipital 
membrane. 

• Lumbar epidural: The epidural space is the space 
between vertebral canal and dura mater. The 
epidural space is deeper in the midline. The 
procedure is same as lumbar puncture, the needle 
should reach only in the epidural space and 
not deep to it in the dura mater. Epidural space 
is utilized for giving anaesthesia or analgesia 
(Fig. 11.5). 

• Caudal epidural: The needle is passed through 
sacral hiatus, which lies equidistant from the right 
and left posterior superior iliac spines. The needle 
passes through posterior sacrococcygeal ligament 
and enters the sacral canal. Then the hub of needle 
is lowered so that it passes along sacral canal. This 
space lies below S2 (Fig. 11.6). 

CSF in lumbar -------lt-o 
cistern 

S2-----

Sacrum ------~di 

Fig. 11 .4: Lumbar puncture in an adult 

Spinal block In 
subarachnoid 

Fig. 11 .5: Lumbar epidural anaesthesia and spinal block 
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Dura mater ------¼-----:,~, \\\ 
Arachnoid mater ----""'7"4~JI 

Sacrum-----1- 11~11--t---Extradural space 

·~~~--Caudal epidural through 
sacral hiatus 

Fig. 11.6: Caudal epidural anaesthesia 

SPINAL NERVES 
The spinal cord gives rise to thirty-one pairs of spi~al 
nerves: eight cervical, twelve thoracic, five lumbar, five 
sacral, and one coccygeal. Each nerve is attached to the 
cord by two roots, ventral motor and dorsal sensory. 
Each dorsal nerve root bears a ganglion. The ventral 
and dorsal nerve roots unite in the intervertebral foramen 
to form the nerve trunk which soon divides into ventral 
and dorsal rami (Fig. 11.7). 

The uppermost nerve roots pass horizontally from 
the spinal cord to reach the intervertebral foramina. 
Lower dow n they h ave to pass with increas ing 
obliquity, as the spinal cord is much shorter than the 
vertebral column. Below the termination of the spinal 
cord at the level of first lumbar vertebra, the obliquity 
becomes more marked. 

Below the lower end of the spinal cord, the roots form 
a bundle known as the cauda equina because of its 
resemblance to the tail of a horse. 

The roots of spinal nerves are surrow1ded by sheaths 
d erived from the m eninges. The pial and arachnoid 
sheaths extend up to the dura mater. The dural sheath 
encloses the terminal parts of the roots, continues over 
the nerve trunk, and is lost by merging with the epi-
neurium of the nerve. 

An intervertebral foramen contains: 
a. The ends of the nerve roots. 
b. The dorsal root ganglion. 
c. The nerve trunk. 
d. The beginning of the dorsal and ventral rami 
e. A spinal artery. 
f. An intervertebral vein (Fig. 11.1). 

Dorsal intermediate 

Dorsal median septum 
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Dorsal column ---...,-_, 

Central canal ---r--+--"-. .... 
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Ventral grey horn--·" I.\ ..:S"'-----7'1:..---- Ventral column 

Ventral rootlets 

Spinal 
nerve 

...,_-- Arachnoid 
mater 

Fig. 11 .7: Formation of spinal nerve 

CLINICAL ANATOMY 

Vertebral canal 
• Compression of the spinal cord by a tumour gives 

rise to paraplegia or quadriplegia, depending on 
the level of compression. 

• Spinal tumours may arise from dura mater-
meningioma, glial cells-glioma, nerve roots-
neurofibroma, ep endyma-epend ymoma, and 
o ther tissu es. Apart from compression of the 
spinal cord, the tumour causes obstruction of the 
subarachnoid space so that pressure of CSP is low 
below the level of lesion (Froin's syndrome). There 
is yellowish discolouration of CSP below the lev~l 
of obstruction. CSP reveals high level of protein 
but the cell content is normal. Queckenstedt's test 
does not show a sudden rise and a sudden fall of 
CSF pressure by coughing or by brief pressure 
over the jugular veins. Spinal block can be 
confirmed either bymyelography, CTscan or MRI 
scan. 

• Compression of the cauda equina gives rise to 
flaccid paraplegia, saddle anaesth esia and 
sphincter disturbances. This is called the cauda 
equina syndrome. 

• Compression of roots of spinal nerves may be 
caused by prolapse of an intervertebral disc, by 
osteoph y tes (formed in osteoarthritis), by a 
cervical rib, or by an extramedullary tumour. Such 
compression results in shooting pain along the 
distribution of the nerve. 



VERTEBRAL SYSTEM OF VEINS 

The vertebral venous plexus assumes importance in 
cases of: 
1 Carcinoma of the prostate causin g secondaries in the 

vertebral column and the skull. 
2 Chronic empyema (collection of p us in the pleural 

cavity) causing brain abscess by septic emboli. 

Anatomy of the Vertebral Venous Plexus 
The vertebral venous system is made up of a valveless, 
complicated network of veins with a longitudinal 
pattern. It runs parallel to and an astomoses w ith the 
superior and inferior venae cavae. This network has 
three intercommunicating subdivisions (Fig. 11.8). 
1 The epidural plexus: Lies in the vertebral canal outside 

the d ura mater. The plexus consists of a postcen tral 
and a prelaminar portion. Each portion is drained 
by two vessels. The plexus drains the structures in 
the vertebral canal, and is itself drained at regular 
intervals by segmental veins-vertebral, posterior 
intercostal, lumbar and lateral sacral. 

2 Plexus within the vertebral bodies: It drains backwards 
into the ep idural plexus, and anterolaterally into the 
external vertebral p lexus. 

3 External vertebral venous plexus: It consists of anterior 
vessels lying in front of the vertebral bodies, and the 
posterior vessels on the back of the vertebral arches 
and on adjacen t muscles. It is d rained by segmental 
veins. 
The suboccipital plexus of veins is a part of the 

externa I plexus. It lies in the suboccipital triangle. It 
receives the occipital veins of the scalp, is connected 
with the transverse sinus by emissary veins, and drains 
into the subclavian veins. 

~ - - Anterior part of external 
vertebral venous plexus 

Segmental vein 

W--1'~---=~ Dura mater 

\9'~~=:_~".l.,..Jf--lf-::'==='"'-L- Epidural plexus 

,_ _ __ Posterior part of 
external vertebral 
venous plexus 

Fig. 11 .8: The vertebral system of veins 
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Communications and Implications 
Valveless vertebral system of veins communicates: 
1 Above with the intracranial venous sinuses. 
2 Below with the pelvic veins, the portal vein, and the 

caval system of veins. 
The veins are valveless and the blood can flow in them 

in either d irection. An increase in intrathoracic or intra-
abdominal pressure, brought about by coughing and 
straining, may cause blood to flow in the plexus away 
from the heart, either upwards or downwards. Such 
p eriodic changes in venous pressure are clinically 
important because they make possible the spread of 
tumours or infections. For example, cells from pelvic, 
abdominal, thoracic and breast tumours may enter the 
venous system, an d may u ltimately lod ge in the 
vertebrae, the spinal cord, the skull, or the brain. 

Th e common p rimary sites of tumours causing 
secondaries in vertebrae are the breast and the prostate. 

• Spinal cord in adult ends at lower border of lumbar 
one vertebra 

• Spinal dura mater and arachnoid mater extend till 
second sacral vertebra. 

• Spinal pia mater comprises an outer epi-pia and 
an inner pia-intima. 

• Ligamenta denticulata of pia mater are two vertical 
ridges with 21 tooth-like processes which suspend 
the spinal cord in the subarachnoid space. 
The lowest or 21st process Ues between T12 and 
L1 spinal nerves. 

• Through the vertebral venous plexus, secondaries 
of prostate or breast can reach up to the cranial cavity. 

CLINICOANATOMICAL PROBLEM 

A patien t suffering from cancer of prostate gland has 
developed secondaries in the brain 
• What route is taken by cancer cells to reach the 

brain from the prostate gland, a pelvic organ? 
Ans: The veins from prostate drain into prostatic 
venous plexus which communicates with the pelvic 
veins. These veins send small tributaries through 
pelvic sacral foramina into the vertebral canal. The 
vertebral canal lodges vertebral venous plexus which 
continues up the whole height of the vertebral canal 
and drains into segmental veins in abdominal cavity, 
thoracic cavity, in the neck and in basilar venous 
plexus. Thus, cancer cells "climb" up to reach basilar 
venous plexus which has connections with cerebral 
veins. These cells travel through the cerebral veins 
to settle in brain resulting in secondaries. This plexus 
is va lveless and dangerous. 
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FREQUENTLY ASKED QUESTION 

1. Write short notes on: c. Filurn terminale 
a. Cauda equina d . Typical spinal nerve 
b. Ligamentum denticulatum e. Caudal anaesthesia 

MULTIPLE CHOICE QUESTIONS 

1. Where does main part of vertebral venous plexus 
lie? 
a. Subdural space 
b. Epidural space 
c. Subarachnoid space 
d. Outside the vertebrae 

2. Contents of thoracic part of vertebral canal are 
following except: 
a. Dura mater 
b. Arachnoid mater 

c. Pia mater 
d. Cauda equina 

3. Intervertebral foramen contains all except: 
a. Ends of nerve roots 
b. Nerve trunk 
c. Sympathetic ganglion 
d. Spinal artery 

4. Subarachnoid space extends till: 
a. Sl vertebra b. S2 vertebra 
c. Ll vertebra d. L3 vertebra 

ANSWERS 
1.b 2.d 3.c 4. b 
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INTRODUCTION 
Cranial cavity, the highest p laced cavity, conta ins the 
brain, meninges, venous sinuses, all crania l nerves, four 
petrosal nerves, parts of internal carotid a rtery and a 
part of the vertebra l artery besides the special senses. 
The anterior branch of middle menjngeal artery lies a t 
the pterion and is p rone to rupture resulting in extra-
dural haemorrhage. 

CONTAINS OF CRANIAL CAVITY 

DISSECTION 
Detach the epicranial aponeurosis if not already done 
laterally till the inferior temporal line. In the region of 
the temple, detach the temporalis muscle with its over-
lying fascia and reflect these downwards over the pinna. 
Removal of Skull Cap or Calvaria 
Draw a horizontal line across the skull 1 cm above the 
orbital margins and 1 cm above the inion. Saw through 
the skull. Be careful in the temporal region as skull is 
rather thin there. Separate the inner table of skull from 
the fused endosteum and dura mater. 
Removal of the Brain 
To remove the brain and its enveloping meninges, the 
structures leaving or entering the brain through various 
foramina of the skull have to be carefully detached/ 
incised. Start from the anterior aspect by detaching falx 
cerebri from the crista galli. 

Put 2- 3 blocks under the shoulders so that head 
falls backwards. This will expose the olfactory bulb, 
which may be lifted from the underlying anterior cranial 
fossa. Identify optic nerve, internal carotid artery, 
infundibulum passing towards hypophysis cerebri. 
Divide all three structures. Cut through the oculomotor 
and trochlear nerves in relation to free margin of 
tentorium cerebelli (Fig. 12.1 ). Divide the attachment of 
tentorium from the petrous temporal bone. 
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Identify and divide trigeminal, abducent, facial, and 
vestibulo-cochlear nerves. Then cut glossopharyngeal, 
vagus, accessory and hypoglossal nerves. All these 
nerves have to be cut first on one side and then on the 
other side. Lastly identify the two vertebral arteries 
entering the skull through foramen magnum on each 
side of the spinal medulla. With a sharp knife cut through 
these structu res. Thus the whole brain with the 
meninges can be gently removed from the skull. 
Preserve it in 5% formaldehyde. 

Cut through the dura mater on the ventral aspect of 
brain till the inferolateral borders along the supercil iary 
margin. Pull upwards the fold of dura mater present 
between the adjacent medial surfaces of cerebral 
hemispheres. This will be possible till the occipital lobe 
of brain. Pull backwards a similar but much smaller fold 
between two lobes of cerebellum, i.e. falx cerebelli. 

Separating the cerebrum from the cerebellum is a 
double fold of dura mater called tentorium cerebelli. Pull 
it out in a horizontal plane by giving incision along the 
petrous temporal bone (Fig. 12.1 ). 

Learn about the folds of dura mater, i.e. falx cerebri, 
tentorium cerebelli, falx cerebelli, diaphragma sellae 
including trigeminal cave from the specimen with the 
help of base of skull. Make a paper model of these dural 
folds for recapitulation (refer to BOC App). 

Contents 
The convex upper wall of the cranial cavity is called 
the vault. It is uniform and smooth. The base of the 
crania l cavity is uneven and presents three cranial 
fossae (a nte rior , middle and poste rio r) lodging the 
uneven base of the brain (Figs 12.2a to c). 

The cranial cavity contains the brain and meninges; 
the outer dura mater, the middle arachnoid mater, 
and the inne r pia mater. The dura mater is the thickest 
of the three meninges. It encloses the cranial venous 
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sinuses, and has a distinct blood supply and nerve 
supply. The dura is separated from the arachnoid by a 
potential subdural space. The arachnoid is separated 
from the pia by a wider subarachnoid space filled with 
cerebrospinal fluid (CSF). The arachnoid, pia, sub-
arachnoid space and CSF are dealt w ith the brain; the 
dura is described here. 

Cerebral Dura Mater 
The du ra mater is the outermost, thickest and toughest 
membrane covering the brain (dura = hard) (mnter = 
mother). 

There are two layers of dura: 
a. An ou ter or endosteal layer w hich serves as an 

interna l periosteum or endosteum or endo-
cranium for the skull bones. 

b. An inner or meningeal layer which surrounds the 
brain. The meningeal layer is continuous with the 
spinal dura mater. 

The two layers are fused to each other at all places, 
except where the cranial venous sinuses are enclosed 
between them. 

Endosteal Layer or Endocranium 
1 The endocranium is con tinuous: 

a. With the periosteum lining the outside of the skull 
or pericranium through the sutures and foramina. 

b. With the periosteal lining of the orbit through the 
superior orbital fissure. 

2 It provides sheaths for the cranial nerves, the sheaths 
fuse with the epineurium outside the skull. Over the 
optic nerve, the dura forms a sheath which becomes 
continuous with the sclera. 

Anterior end of falx cerebri 

3 Its outer surface is adherent to the inner surface of 
the cranial bones by a number of fine fibrous and 
vascular processes. The adhesion is most marked at 
the sutures, on the base of the skull and around the 
foramen magnum. 

Meningeal Layer 
At places, the meningeal layer of dura mater is folded 
on itself to form partitions which divide the cranial 
cavity into compartments which lodge different parts 
of the brain (Fig. 12.1). The folds are: 
• Fa ix cerebri 
• Tentorium cerebelli 
• Falx cerebelli 
• Diaphragma sellae. 

Faix cerebri 
The falx cerebri is a large sickle-shaped fold of dura 
mater occupying the med ian l,ongitudinal fissure 
beh-veen the two cerebral hemispheres (Fig. 12.1). It has 
two ends: 
1 The anterior end is narrow, and is, attached to the crista 

galli. 
2 The posterior end is broad, and Jis attached along the 

median plane to the upper surface of the tentorium 
cerebelli. 

The falx cerebri has two margins: 
1 The upper margin is convex and is attached to the lips 

of the sagittal sulcus. 
2 The lower margin is concave and free. 

The falx cerebri has right and left surfaces each of 
which is rela ted to the medial surface of the 
corresponding cerebral hemisphere. 

- Tentorial notch 

- Posterior end of 
falx cerebri 

Foramen magnum _ _____________ _,, 

Fig. 12.1: Folds of meningeal layer of dura mater 



Three important venous sinuses are present in relation 
to this fold. The superior sagittal si11us lies along the upper 
margin; the i11ferior sagittal sinus along the lower margin; 
and the stmiglzt sinus along the line of attachment of 
the falx to the tentorium cerebelli (Figs 12.2a to c). 

Tentorium cerebp//i 
The tentorium cerebelli is a tent-shaped fold of dura 
mater, forming the roof of the posterior cranial fossa. It 
separates the cerebellum from the occipital lobes of the 
cerebrum, and broadly divides the cranial cavity into 
supratentorial and infratentorial compartments. The 
infratentorial compartment is the posterior cranial fossa 
containing the hindbrain and the lower part of the mid-
brain. 

The tentorium cerebelli has a free margin and an 
attached margin (Fig. 12.3). The a11terior free margin is 
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U-shaped and free. The ends of the ' U' are attached 
anteriorly to the anterior clinoid processes. This margin 
bounds the tentoria/ notch which is occupied by the 
midbrain and the anterior part of the superior vermis. 
The outer or attached margin is convex. Posterolaterally, 
it is attached to the lips of the transverse sulci on the 
occipital bone, and on the posteroinferior angle of the 
parietal bone. Anterolaterally, it is attached to the superior 
border of the petrous temporal bone and to the posterior 
clinoid processes. Along the attached margin, there are 
the transverse and superior petrosal venous sinuses. 

The trigeminal or Meckel's cave is a recess of dura 
mater present in relation to the attached margin of the 
tentorium. It is formed by evagination of the inferior 
layer of the tentorium over the trigeminal impression 
on the petrous temporal bone. It contains the trigeminal 
ganglion (Fig. 12.4). 

Superior 
sagittal sinus 

Faix cerebri 
Faix cerebri 

Straight sinus 
Straight sinus 

Tentorium Tentorium 
cerebelli cerebelli 
Transverse Transverse sinus sinus 

Occipital sinus Faix cerebelli 
sinus 

(c) 
Figs 12.2a to c: Coronal sections through the posterior cranial fossa showing folds of dura mater and the venous sinuses enclosed 
in them: (a) Section through the tentorial notch (anterior part of the fossa), (b) section through the middle part of the fossa, and 
(c) section through the posteriormost part 

Diaphragma sellae covering--------~ 
hypophyseal fossa 

'-"- ----Attached margin of t,entorium cerebelli 
with superior petrosal sinus 

Free margin of tentorium cerebelli 

~ r-<------- Attached margin of t1antorium cerebelli 
with transverse sinus 

Confluence of sinuses---------../ Opening of superior sagittal sinus 
Fig. 12.3: Tentorium cerebelli and diaphragma sellae seen from above 
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~~'--- Ten tori um 
cerebelli 

- --- Sensory root ---
------Trigem1nal 

ganglion 
Meckel's -.....--.-..:::-.~ 

cave 
, ..,_ ___ Meanlngeal layer 

of dura mater 

,,.,_,,,,,___ Endosteal layer 
of dura mater 

--~- - ~ Petrous 
temporal bone 

Fig. 12.4: Parasagittal section through the petrous temporal 
bone and meninges to show the formation of the trigeminal cave 

The free and attached margins of the tentorium 
cerebelli cross each other near the apex of the petrous 
temporal bone. Anterior to the point of crossing, there 
is a triangular area which forms the posterior part of 
the roof of the cavernous sinus, and is pierced by the 
third and fourth cranial nerves. 

The ten tori um cerebelli has two surfaces. The superior 
surface is convex and slopes to either side from the median 
plane. The falx cerebri is attached to this surface, in the 
midline; the s traight sinus lies along the line of this 
attachment. The superior surface is related to the occipital 
lobes of the cerebrum. The inferior surface is concave 
and fits the convex superior surface of the cerebellum. 
The falx cerebelli is a ttached to its posterior part 
(Fig. 12.2c). 

Faix cerebelli 
The falx cerebelli is a small sickle-shaped fold of dura 
mater projecting forwards into the posterior cerebellar 
notch (Fig. 12.2c). 

The base of the sickle is attached to the posterior part 
of the inferior surface of the tentoriurn cerebelli in the 
median plane. The apex of the s ickle is frequently 
divided into two parts which a re lost on the s ides of 
the foramen magnum. 

The posterior margin is convex and is attached to the 
internal occipital cres t. It encloses the occipital sinus. 
The anterior margin is concave and free. 

Diaplzrng111n sellae 
The diaphragma se1lae is a small circular, horizontal 
fold of dura mater forming the roof of the hypophyseal 
fossa. 

Anteriorly, it is attached to the tuberculum sellae. 
Posteriorly, it is attached to the dorsurn sellae. On each 
side, it is continuous with the dura mater of the middle 
cranial fossa (Fig. 12.5). 

Diaphragma sellae 

Hypophyseal fossa 

r----- Hypophysis 
cerebri 

'-<'<---Meaningeal 
layer of 
dura mater 

Fig. 12.5: Diaphragma sellae as see·n in a sagittal section 
through the hypophyseal fossa 

The diaphragma has a central ap erture through 
w h ich the s talk of the hypophysis cerebri passes. 

Blood Supply 

The outer layer is richly vascular. The inner meningeal 
layer is more fibrous and requires little blood supply. 
1 The vault or supratentorial space is supplied by the 

middle meningeal artery. 
2 The anterior cranial fossa andl the dural lining is 

supplied by meningeal branches of the anterior 
e thmoidal, posterio r ethmoidal and ophthalmic 
arteries. 

3 The middle cranial fossa is supplied by the middle 
meningeal, accessory meningeal, and internal carotid 
arteries; and by meningeal branches of the ascending 
pharyngeal artery. 

4 The posterior cranial fossa is supplied by meningeal 
branches of the vertebral, occipital and ascending 
pharyngeal arteries. 

Nerve Supply 
1 The dura of the vnult has only a few sensory nerves 

which are derived mostly from the ophtha lmic 
division of the trigeminal nerve. 

2 The dura of the fl oor has a rich nerve supply and is 
quite sensitive to pain. 
a. The anterior cranial fossa is supplied mostly by the 

anterior e thmoidal nerv e and partly by the 
maxillary nerve. 

b. The middle cranial fossa is supplied by the maxillary 
nerve in its anterior half, and by branches of the 
mandibular nerve a n d from the tr igem ina l 
ganglion in its posterior haltf. 

c. The posterior cranial fossa is supplied chiefly by 
recurrent branches from first, second and third 
cervical spinal nerves and partly by meningeal 
branches of the ninth and tenth cranial nerves. 
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• Pain sensitive intracranial structures are: 
a. The large cranial venous sinuses and their 

tributaries from the surface of the brain. 
b. Dural arteries. 
c. The dural floor of the anterior and posterior 

cranial fossae. 
d. Arteries at the base of the brain. 

• Headache may be caused by: 
a. Dilatation of intracranial arteries. 
b. Dilatation of extracranial arteries. 
c. Traction or distension of intracranial pain 

sensitive structtues. 
d. Lnlection and inflammation of intracranial and 

extracranial structures supplied by the sensory 
cranial and cervical nerves. 

• Extradural and subdural haemorrhages are both 
common. An extradural haemorrhage can be 
distinguished from a subdural h aemorrhage 
because of the following differences. 
a. The extradural haemorrhage is arterial due to 

injury to middle meningeal artery, whereas 
subdural haemorrhage is venous in nature. 

b. Symptoms of cerebral compression are late in 
extradural haemorrhage. 

c. In an extradural haemorrhage, paralysis first 
appears in the face and then spreads to the 
lower parts of the body. In a subdural haemo-
rrhage, the progress of paralysis is haphazard. 

d. In an extradural haemorrhage, there is no blood 
in the CSF, while it is a common feature of sub-
dural haemorrhage. 

VENOUS SINUSES OF DURA MATER 
These are venous spaces, the walls of which are formed by 
dura mater. They have an inner lining of endothelium. 
There is no muscle in their walls. They have no valves. 

Venous sinuses receive venous blood from the brain, 
the meninges, and bones of the skull. Cerebrospinal 
fluid is poured into some of them. 

Cranial venous sinuses communica te with veins 
outside the skull through emissary veins. These 
communications help to keep the pressure of blood in 
the sinuses constant (see Table 1.1). 

There are 23 venous sinuses, of which 8 are paired 
and 7 are unpaired. 

Paired Venous Sinuses 
There is one sinus each on right and left side. 
1 Cavernous sinus. 
2 Superior petrosal sinus (Fig. 12.4). 
3 Inferior petrosal sinus. 
4 Transverse sinus (Fig. 12.2). 
5 Sigmoid sinus. 

6 Sphenoparietal sinus. 
7 Petrosquamous sinus. 
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8 Middle meningeal sinus/veins. 

Unpaired Venous Sinuses 
These are median in position. 
1 Superior sagittal sinus (Fig. 12.2). 
2 inferior sagittal sinus. 
3 Straight sinus (Fig. 12.3). 
4 Occipital sinus. 
5 Anterior intercavernous sinus. 
6 Posterior intercavernous sinus. 
7 Basilar plexus of veins. 

CAVERNOUS SINUS 

DISSECTION 

111!11 

Define the cavernous sinuses situated on each side of 
the body of the sphenoid bone. Cut through it between 
the anterior and posterior ends and locate its contents. 
Define its connections with the other venous sinuses 
and veins (refer to BOC App). 

Introduction 
Each cavernous sinus is a large venous space situated 
in the middle cranial fossa, on either side of the body 
of the sphenoid bone. Its interior is divided into a number 
of spaces or caverns by trabeculae. The trabeculae are much 
less conspicuous in the living than in the dead (Fig. 12.6). 

The floor and medial wall of the sinus is formed by 
the endosteal dura mater. The lateral wall, and roof are 
formed by the meningeal dura mater. 

Anteriorly, the sinus extends up to the medial end of 
the superior orbital fissure and posteriorly, up to the apex 
of the petrous temporal bone. It is about 2 cm long, and 
1 cm wide (see Fig. 1.18). 

Relations 
Structures outside the si1111s: 
1 Superiorly: Optic tract, optic chiasma, olfactory tract, 

interna l carotid artery and anterior perforated 
substance (see Fig. 4.1 of Volume 4). 

2 11 ,jeriorly: Foramen lacerum and the junction of the body 
and greater wing of the sphenoid bone (see Fig. 1.18). 

3 Medially: Hypophysis cerebri and sphenoidal air 
sinus (Fig. 12.6). 

4 Laternlly: Temporal lobe with uncus. 
5 Below laterally: Mandibular nerve 
6 A11teriorfy: Superior orbital fissure and the apex of 

the orbit. 
7 Posteriorly: Apex of the petrous temporal and the crus 

cerebri of the midbrain. 
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---=---- Meningeal layer of dura mater 

Oculomotor nerve------...___ 

Mandibular nerve ..___ ______ Internal carotid artery 

..___ ______ Abducent nerve 

Fig. 12.6: Coronal section through the middle cranial fossa showing the relations of the cavernous sinus 

Structures within the Lateral Wall 
of the Sinus, from above Downwards 
1 Oculomotor nerve: In the anterior part of the sinus, it 

divides into superior and inferior divisions which leave 
the sinus by passing through the superior orbital fissure. 

2 Trocltlear nerve: In the anterior part of the sinus, it 
crosses superficial to the oculomotor nerve, and 
enters the orbit through the superior orbital fissure. 

3 Ophthalmic nerve: In the anterior part of the sinus, it 
divides into the lacrimal, frontal and nasociliary 
nerves (see Figs 13.4 and 13.6). 

4 MaxillnnJ nerve: It leaves the sinus by passing through 
the fora men rotundum on its way to the ptery-
gopalatine fossa. 

5 Trigeminal gn11glio11: The ganglion and its dural cave 
may project into the posterior part of the lateral wall 
of the sinus (Fig. 12.4). 

Structures Passing through the 
Medial Aspect of the Sinus 
a. Tnternal carotid artery with the venous and sympathetic 

plexus around it. 
b. Abducent nerve, inferolateral to the internal carotid 

artery. 
The structures in the lateral wall and on the medial 

aspect of the sinus are separated from blood by the 
endothelial lining. 

Tributaries or Incoming Channels 
From the Orbit 
1 The superior ophthalmic vein. 
2 A branch of the inferior ophthalmic vein or some-

times the vein itself. 

3 The central vein of the retina may drain either into 
the superior ophthalmic vein or into the cavernous 
sinus (Fig. 12.7). 

From the Brain 
1 Superficial middle cerebral vein. 
2 Inferior cerebral veins from the temporal lobe 

(Fig. 12.8). 

From the Meninges 
1 Sphenoparietal sinus. 
2 The frontal trunk of the middle meningeal vein may 

drain either into the pterygoid plexus through the 
foramen ovale or into the sphenoparietal or 
cavernous sinus. 

Draining Channels or Communications 
The cavernous sinus drains: 
1 Into the transverse sinus through the superior 

petrosal sinus. 
2 Into the internal jugular vein through the inferior 

petrosal sinus and through a plexus around the 
internal carotid artery. 

3 Into the pterygoid plexus of veins through the 
emissary veins passing through the foramen ovale, 
the foramen lacerum and the emissary sphenoidal 
foramen (Table 12.1). 

4 Into the facial vein through the superior ophthalmic 
vein. 

5 The right and left cavernous sinuses communicate 
with each other through the anterior and posterior 
intercavernous sinuses and through the basilar 
plexus of veins (Fig. 12.8). 
All these commwucations are valveless, and blood 

can flow through them in either direction. 
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Inferior ophthalmic vein - ..-..::c~~ 

Facial vein----;::--- - Emissary veins 

Fig. 12.7: Side view of the tributaries and communications of the cavernous sinus 

Sphenoparietal sinus 

Connection with internal - ------~ 
vertebral venous plexus 

'9-- ----''--- -Cavernous sinus 
,._- - ---Superficial middle cerebral vein 

-------Posterior intercavernous sinus 
----Superior petrosal sinus 

'----------Confluence of sinuses 

Fig. 12.8: Superior view of the tributaries and communications of the cavernous sinus 

Factors Helping Expulsion 
of Blood from the Sinus 
1 Expansile pulsa tions of the in ternal carotid arte ry 

within the sinus. 
2 Gravity. 
3 Position of the head. 

CLINICAL ANATOMY 

• Th rombosis of the cavernous sinus may be caused 
by sepsis in the dangerous area of the face, in nasal 
cavities, and in paranasal air sinuses. This gives 
rise to the following symptoms. 

a. Nervous symptoms: 
Severe pain in the eye and forehead in the 
area of dis tribution of ophthalmic nerve. 

- Involvement of the third , fourth and sixth 
crania l nerves resulting in paralysis of the 
muscles supplied. 

b. Venous sy mptoms: Maiked oedema of eyelids, 
co rnea and root of the nose, with exophthaJm os 
due to congestion of the o rbital veins. 

• A communication be tween the cavernous sinus 
and the internal carotid artery may be produced 
by head injury. When this happens the eyeball pro-
trudes and pulsates with each heart beat. It is 
called the pulsating exophthalmos. 
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Superior Sagittal Sinus 
The superior sagittal sinus occupies the upper convex, 
attached margin of the falx cerebri (Figs 12.9 and 12.10). 

It begins anteriorly at the crista galli by the union of 
tiny meningeal veins. Here it communicates with the 
veins of the frontal sinus, and occasionally with the 
veins of the nose, through the foramen caecum. As the 
sinus runs upwards and backwards, it becomes 
progressively larger in size. It is triangular on cross-
section. It ends near the internal occipital protuberance 
by turning to one side, usually the right, and becomes 
continuous with the right transverse sinus (Fig. 12.9). 
It generally communicates with the opposite sinus. The 
junction of all these sinuses is called the confluence of 
sinuses. 

The interior of the sinus shows: 
a. Openings of the superior cerebral veins. 

Sphenoparietal sinus ------ -11 

Cavernous sinus------~ • 

b. Openings of venous lacunae, usually three on each 
side. 

c. Arachnoid villi and granulations projecting into 
the lacunae as well as into the sinus (Fig. 12.10). 

d. Numerous fibrous bands crossing the inferior 
angle of the sinus. 

Tributaries 
The superior sagittal sinus receives these tributaries. 
a. Superior cerebral veins which never open into the 

venous lacunae (Fig. 12.10). 
b. Parietal emissary veins. 
c. Venous lacunae, usually three on each side which 

first, receive the diploic and meningeal veins, and 
then open into the sinus. 

d. Occasionally, a vein from the nose opens into the 
sinus when the foramen caecum is patent. 

Straight sinus 

----------Continues as internal jugular vein 

Fig. 12.9: Scheme to show the lateral view of the intracranial venous sinuses 

Endosteal layer of---~ 
dura mater 

Meningeal layer of 
dura mater 

Arachnoid mater --.../ 

Subarachnoid space with--- --+,.::-:::;::::=----
cerebrospinal fluid 

- -----Diploic vein 
Meningeal vein within 
venous lacuna 

Superior cerebral vein 

Fig. 12.10: Coronal section through superior sagittal sinus showing arrangement of the meninges, the arachnoid vill i and granulations, 
and the various (emissary, diploic, meningeal and cerebral) veins in its relation 
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Thrombosis of the superior sagittal sinus may be caused 
by spread of infection from the nose, scalp and 
diploe. This gives rise to: 
a. A considerable rise in intracranial tension due to 

defective absorption of CSF. 
b. Delirium and sometimes convulsions due to 

congestion of the superior cerebral veins. 
c. Paraplegia of the upper motor neuron type due 

to bila teral involvement of the para central lobules 
of cerebrum where the lower limbs and perineum 
are represented. 

Inferior Sagittal Sinus 
The inferior sagittal sinus, a small channel lies in the 
posterior two-thirds of the lower, concave free margin 
of the falx cerebri. It ends by joining the great cerebral 
vein to form the s traight sinus (Fig. 12.9). 

Straight Sinus 
The s traight sinus lies in the median plane within the 
junction of falx cerebri and the tentorium cerebelli. It is 
formed anteriorly by the union of the inferior sagittal 
sinus with the g rea t cerebral vein, and ends a t the 
internal occipital protuberance by continuing as the 
transverse s inus usua lly left (Fig. 12.9). In addition to 
the veins forming it, also receives a few of the superior 
cerebellar veins. 

At the termina tion of the great cerebral vein into the 
sinus, there exis ts a ball va lve mechanism, formed by a 
sinusoidal p lexus of blood vessels, which regulates the 
secretion of CSF. 

Transverse Sinus 
The transverse s inuses are large sinuses (Fig. 12.8). The 
right sinus usua lly larger than the left, is situated in 
the pos terior part o f the a ttached margin o f the 
tentorium cerebelli. The right transverse sinus is usually 
a continuation of the superior sagittal sinus, and the 
left sinus a continuation of the s traight s inus. Each sinus 
extends from the internal occipital protuberance to the 
posteroi.n.ferior angle of the parietal bone a t the base of 
mas toid process where it bends downwards and 
becomes the s igmoid sinus. Its tributaries are: 
1 Superior petrosal sinus 
2 Inferior cerebral veins 
3 In.ferior cerebellar veins 
4 Diploic (posterior temporal) vein 
5 In.ferior anastomotic vein. 

Sigmoid Sinuses 
Each sinus, right or left, is the direct continuation of the 
transverse sinus (Fig . 12.9). It is S-shaped, hence the 
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name. It extends from the posteroinferior angle of the 
parietal bone to the posterior part of the jugular foramen 
where it becomes the superio r bulb of the internal 
jugular vein. [t grooves the mastoid part of the temporal 
bone, where it is separated anteriorly from the mastoid 
antrum and mastoid air cells by only a thin plate of bone. Its 
tributaries are: 
1 The mastoid and condylar emissary veins. 
2 Cerebellar veins. 
3 The internal auditory vein. 

CLINICAL ANATOMY 

• Thrombosis of the sigmoid sinus is always secondary 
to infection in the middle ear or otitis media, or in 
the mastoid process called mastoiditis. 

• During opera tions on the mastoid process, one 
should be careful about the sigm oid sinus, so that 
it is not exposed. 

• Spread o f infectio n o r th rombosis from the 
sigmoid and transverse sinuses to the superior 
sagittal sinus may cause impaired CSF drainage 
into the latter and may, therefore, lead to the 
development of hydrocephalus. Such a hydro-
cephalus associated w ith sinus thrombosis 
following ear infection is known as otitic hydro-
cephalus. 

Other Sinuses 
The occipital sinus is small, and lies in the attached 
margin of the falx cerebelli. It begins near the foramen 
m agnum and ends in the confluence o f sinuses 
(Figs 12.2 and J 2.8). 

The sphenoparietal sinuses, right and left lie along the 
posterior free margin of the lesser wing of the sphenoid 
bone, and drain into the anterior part of the cavernous 
sinus. Each s inus may receive the fronta l trunk of the 
middle meningeal vein (Fig. 12.9). 

The superior petrosal sinuses lie in the anterior part of 
the attached margin of the tentorium cerebelli along the 
upper border of the petro us temporal bone. It drains 
the cavernous sinus into the transverse sinus (Fig. 12.8). 

The inferior petrosal sinuses right and left lie in the 
corresponding petro-occipital fissure, and drain the 
cavernous sinus into the superior bulb of the internal 
jugular vein. 

The basilar plexus of veins lies over the clivus o f the 
skull. It connects the two inferior petrosal sinuses and 
communicates wi th the interna l vertebra l veno us 
plexus. 

The middle meningeal veins form two main trunks, one 
frontal or anterior and one pa rietal or posterior, which 
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Table 12.1: Emissary veins: Valveless and communicate 
intracranial with extracranial veins 
Sinus 

Superior sagittal 
sinus 

Transverse s inus 
Sigmoid sinus 

Cavernous sinus 

Connection 
Parietal emissary vein 
Foramen caecum 
Middle meningeal vein 
Petrosquamous 
Mastoid vein 
Hypoglossal vein 
Posterior condylar 
vein 
Emissary veins 
Veins around ICA 
Ophthalmic vein 
Inferior petrosal 

Veins 
Veins of scalp, 
nasal veins 
Pterygoid veins 
External jugular 
Posterior auricular 
IJV 
Suboccipital vein 

Pterygoid veins 
IJV 
Facial vein 
IJV 

ICA: Internal carotid artery; IJV: Internal jugular vein 

accompany the two branches of the middle meningeal 
artery. Thefrontal trunk mayend eitherin the p terygoid 
plexus through the foramen ovale, or in the spheno-
parietal or cavernous sinus. The parietal trunk usually 
ends in the pterygoid plexus through the foramen 
spinosum. The meningeal veins are nearer to the bone 
than the arteries, and are, therefore, more liable to injury 
in fractures of the skull. 

The anterior and p osterior intercavernous sinuses 
connect the cavernous sinuses. They pass through the 
diaphragma sellae, one in front and the other behind 
the infundibulum (Fig. 12.8). 

HYPOPHYSIS CEREBRI (PITUITARY GLAND) 

DISSECTION 
Identify diaphragma sellae over the hypophyseal fossa. 
Incise it radially and locate the hypophysis cerebri 
lodged in its fossa. Take it out and examine it in detail 
with the hand lens (Figs 12.11 and 12.12). 

Introduction 
The hy pophysis cerebri is a small endocrine gland 
situated in relation to the base of the brain. It is often 
called the master of the endocrine orchestra because it 
produces a num ber of hormones w hich control the 
secretions of many other endocrine glan ds of the body 
(Fig. 12.11). 

The gland lies in the h ypophyseal fossa or sella 
turcica or p ituitary fossa . The fossa is roofed by the 
diaphragma sellae. The stalk of the hypophysis cerebri 
p ierces the diaphragma sellae and is attached above to 
the floor of the third ventricle. 

The gland is oval in sh ape, and m easures 8 mm 
anteroposteriorly and 12 mm transversely. It weighs 
about 500 mg. 

lnfundibular recess--~ 
of third ventricle Median eminence 

Optic 
chiasma 

Pars-----'T--
anterior 

Pars posterior 

Fig. 12.11: Parts of the hypophysis cerebri as seen in a sagittal 
section 

Relations 
Superiorly 
1 Diaphragm a sellae (Fig . 12.5) 
2 Optic chiasma 
3 Tubercinerium 
4 Infund ibular recess of the third vent ricle. 

lnferiorly 
1 Irregular venous channels between the two layers of 

dura mater lining the floor of the hypophyseal fossa. 
2 Hypophyseal fossa. 
3 Sphenoidal air sinuses (Fig . 12.6). 

On each side 
The cavernous s inus w ith its conten ts (Fig. 12.6). 

Subdivisions/Parts and Development 
The gland has two main parts: Adenohypophysis and 
neurohypophysis which d iffer from each other embryo-
logically, morphologically and functiona lly. 

Th e ad enoh ypophysis develops as an u pward 
growth called the Rathke's pouch from the ectodermal 
roof of the s tomodeum. The neurohypophysis develops 
as a d own w ard growth from the fl oo r of the 
diencephalon, and is connected to the hypothalamus 
by neural pathways. Further subd ivisions of each par t 
are given below. 

Adenohypophysis 
1 Anterior lobe or pars anterior, pars distnlis, or pars 

glandularis: This is the larges t part of the gland 
(Fig. 12.11). 

2 intermediate lobe or pars intermedin: This is in the form 
of a thin s trip w hich is separated from the an terior 
lobe b y an intraglandular cleft, a remnant of the 
lumen of Ra thke's pouch. 



3 Tubera/ lobe or pars tubernlis: It is an upward extension 
of the anterior lobe that surrounds and forms part 
of the infundibulum. 

Neurohypophysis 
1 Posterior lobe or 11euml lobe, pars posterior: It is smaller 

than the anterior lobe and lies in the posterior 
concavity of the larger anterior lobe. 

2 l11ftmdib11/ar stem, which contains the neural connec-
tions of the posterior lobe with the hypothalamus. 

3 Median eminence of the tubercinerium which is 
continuous with the iniundibular stem. 

Arterial Supply 
The h ypophysis cerebri is supplied by the following 
branches of the internal carotid artery. 
1 One superior hypophyseal artery on each side 

(Fig. 12.12a). 
2 One inferior hypophyseal artery on each side. 

Each superior hypophyseal artery supplies: 
a. Ventral part of the hypothalamus. 
b. Upper part of the iniundibulum. 
c. Lower part of the infundibulum through a separate 

long descending branch, called the trabecular artery. 
Each inferior hypophyseal artery divides into medial 

and lateral branches which join one another to form an 
arterial ring around the posterior lobe. Branches from 
this r ing supply the posterior lobe and also anastomose 
with branches from the superior hypophyseal artery. 

The anterior lobe or pars distalis is supplied exclusi-
vely by portal vessels arising from capillary tufts formed 
by the superior hypophyseal arteries (Fig. 12.12). The 
long portal vessels drain the median eminence and the 

Capillary tufts in ----.----:;;JIil-
median eminence 

and in infundibulum Superior 
hypophyseal 
artery 

Trabecular artery 
to lower infundibulum 

Capillary tufts in 
lower infundibulum 

1---1'---1~ Anastomoses between 
superior and inferior 
hypophyseal arteries 

Inferior hypophyseal artery 

Fig. 12.12a: Arterial supply of the hypophysis cerebri. Note that 
the neurohypophysis is supplied by the superior and inferior 
hypophyseal arteries, and the adenohypophysis, exclusively by 
the portal vessels 
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upper infundibulum, and the short portal vessels drain 
the lower iniundibulum. The portal vessels are of great 
functional importance because they carry the hormone 
releasing factors from the hypothalam us to the anterior 
lobe where they control the secretory cycles of different 
glandular cells. 

Venous Drainage 
Short veins emerge on the surface of the gland and drain 
into neighbouring d ural venous sinuses. The hormones 
pass out of the gland through the venous blood, and 
are carried to their target cells. 

Histology 
Anterior Lobe (Fig. 12.12b) 
Chromophilic cells 50% 
1 Acidophils/alp/111 cells; about 43% 

a. Somatotrophs: Secrete growth hormone (STH, GH). 
b. Mammotrophs (prolactin cells): Secrete lactogenic 

hormone. 
2 Basophils/betn cells, about 7% of cells 

a. Thyrotrophs: Secrete thyroid stimulating hormone 
(TSH). 

b. Corticotrophs: Secrete adrenocorticotrophic 
hormone (ACTH). 

c. Gonado trophs: Secre te fo lli cle s ti mu lating 
hormone (FSH). 

d. Luteotrophs: Secrete luteinising hormone (LH). 
Chromophobic cells 50% represent the non-secretory 

phase of the other cell types, or their precursors. 

Intermediate Lobe 
It is made up of numerous basophil cells, and chromo-
phobe cells surrounding masses of colloid material. Tt 
secretes the melanocyte stimulating hormone (MSH). 

Pars 
nervosa 

Acidophil 

Chromophobe 

Pars anterior contains acidophil, basophil and chromophobe cells 
Pars 1ntermedia contains vesicles 
Pars posterior contains nerve fibres and pituicytes 

Fig. 12.12b: Histology of hypophysis cerebri, 400X 
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Posterior Lobe 
It is composed of: 
1 A large number of nonmyelinated fibres hypo-

thalamo-hypophyseal tract. 
2 Modified neurological cells, called pituicytes. They 

have many dendrites which terminate on or near the 
sinusoids (Fig. 12.12b). 

Hypotlwlamo-liypophyseal portal system 
The hypothalamo-hypophyseal tract begins in the 
preoptic and paraventricular nuclei of the hypothalamus. 
Its short fibres term.mate in relation to capillary tufts of 
portal vessels, providing the possibility for a neural 
control of the secretory activity of the anterior lobe. The 
long fibres of the neurosecretory tract pass to the 
posterior lobe and terminate near vascular sinusoids. 

The hormones related to the posterior lobe are: 
a. Vasopressin antidiuretic hormone (ADH) which 

acts on kidney tubules. 
b. Oxytocin which promotes contraction of the 

uterine and mammary smooth muscle. 
These hormones are actua Uy secreted b y the 

hypothalamus, from w here these are transported 
through the hypothalamo-hypophyseal tract to the 
posterior lobe of the gland. 

CLINICAL ANATOMY 

Pituitary tumours give rise to two ma.in categories 
of symptoms: 
A. General symptoms due to pressure over surroun-

ding structures: 
a. The sella htrcica is enlarged in size. 
b. Pressure over the central part of optic chiasma 

causes bitemporal hemianopia (Fig. 12.13). 
c. Pressure over the hypothalamus may cause 

one of the h ypothalamic syndromes like 
obesity of Frolich's syndrome in cases with 
Rathke's pouch rumours. 

d. A large tumour may press upon the third 
ventricle, causing a rise in intracranial pressure. 

B. Specific symptoms depending on the cell type of 
the tumour. 
a. Acidophil or eosinophil adenoma causes acro-

megaly in adults and gigantism in younger 
patients. 

b. Basophil adenoma causes Cushing's syndrome. 
c. Chromophobe adenoma causes effects of 

hypopituitarisrn. 
d. Pos terior lobe damage ca uses dia be tes 

insipidus, although the lesion in these cases 
usually Lies in the hypothalamus. 

Binocular field 

Retina 

Optic ___ ___.., ,...._'-...Jµ,..._ ___ Temporal field 
chiasma fibres pressed 

by pituitary tumour 

Fig. 12.13: Bitemporal hemianopia due to pressure of 
pituitary tumour on the central part of optic chiasma 

TRIGEMINAL GANGLION 

DISSECTION 
Identify trigeminal ganglion situated on the anterior 
surface of petrous temporal bone near its apex. Define 
the three branches emerging from its convex anterior 
surface. 

Introduction 
This is the sensory ganglion of the fifth cranial nerve. It 
is homologous with the dorsal nerve root ganglia of 
spinal nerves. All s u ch ganglia are made up of 
pseudounipolar nerve cells, with a 'T'-shaped arrange-
ment of their process; one process arises from the cell 
body which then divides into a central and a peripheral 
process. 

The ganglion is crescentic or semilunar in shape, with 
its convexity directed anterola terally. The three 
divisions of the trigeminal nerve emerge from this 
convexity. The posterior concavity of the ganglion 
receives the sensory root of the nerve (Fig. 12.13). 

Situation and Meningeal Relations 
The ganglion lies on the trigeminal impression, on the 
anterior surface of the petrous temporal bone near its 
apex. It occupies a special space of dura mater, called 
the trigeminal or Meckel's cave. There are two layers of 
dura below the ganglion (Fig. ] 2.4). The cave is lined 
by pia-arachnoid, so that the ganglion along with the 
motor root of the trigem.i.nal nerve is surrounded by 
CSF. The ganglion lies a t a depth of about 5 cm from 
the preauricuJar point. 



Relations 
Medially 
1 Internal carotid artery. 
2 Posterior part of cavernous sinus. 

Laterally 
Middle meningeal artery. 

S11periorly 
Parahippocampal gyrus. 

Inferiorly 
1 Motor root of trigeminal nerve. 
2 Greater petrosal nerve (Fig. 12.14). 
3 Apex of the petrous temporal bone. 
4 The foramen lacerum. 

Associated Root and Branches 
The central processes of the ganglion cells form the large 
sensory root of the trigeminal nerve which is attached 
to pons a t its junction with the middle cerebellar 
peduncle. 

The peripheral processes of the ganglion cells form 
three divisions of the trigeminal nerve, namely the 
ophthalmic, maxillary and mandibular. 

The small motor root of the trigeminal nerve is 
attached to the pons superomedial to the sensory root. 
It passes under the ganglion from its medial to the 
lateral side, and joins the mandibular nerve at the 
foramen ovale. 

Blood Supply 
The ganglion is supplied by twigs from: 
1 Internal carotid 
2 Middle meningeal 

Greater wing 
of sphenoid 

Frontal branch 

Ophthalmic nerve - +-- 'tk---.... 
Maxillary nerve in----.'---- -+-- , 

loramen rotundum 
Mandibular nerve ~ ----1-~ 

Middle -+- -:;a,.--=.:.......,-;~ 
meningeal artery 

Parietal branch 

Squamous 
temporal bone 

Petrous - - - -" 
temporal bone 

Trigeminal ganglion 

Greater petrosal nerve 

Fig. 12.14: Superior view of the middle cranial fossa showing 
some of its contents 

CRANIAL CAVITY 

3 Accessory meningeal arteries 
4 By the meningeal branch of the ascending pharyngeal 

a rtery. 

CLINICAL ANATOMY 

• Intractable facial pain due to trigerninal neuralgia 
or carcinomatosis may be abolished by injecting 
alcohol into the ganglion. Sometimes cutting of 
the sensory root is necessary (Fig. 12.15). 

• Congenital cutaneous naevi on the face (port wine 
stains) map ou t accurately the areas supplied by 
one or more divisions of the V cranial nerve. 

Spinal nucleus of trigeminal nerve ---~ 

Pons 
Trigeminal ganglion - ---, 

Ophthalmic nerve 

Sensory root of V nerve 

'-----Mandibular nerve 

Maxillary nerve 

Fig. 12.15: Pathways of fibres from the skin of face 

MIDDLE MENINGEAL ARTERY 

DISSECTION 
Dissect the middle meningeal artery which enters the 
skull through foramen spinosum. It is an important artery 
for the supply of endocranium, inner table of skull and 
diploe. Examine the other structures seen in cranial 
fossae after removal of brain. These are the cranial 
nerves, internal carotid artery, petrosal nerves and 
fourth part of vertebral artery. 

Introduction 
The midd le meningeal artery is importan t to the 
surgeon because this artery is the commonest source 
of extradural haemorrhage, which is an acute surgical 
emergency (Fig. 12.14). 

Origin 
The artery is a branch of the first part of the maxillary 
artery, given off in the infra temporal fossa (see Figs 6.6 
and 6.7). 
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Course and Relations 
1 In the infratemporal fossa, the artery runs upwards 

and medially deep to the lateral pterygoid muscle 
and superficial to the sphenomandibular ligament. 
Here it passes through a loop formed by the two roots 
of the auriculotemporal nerve (see Fig. 6.15). 

2 It enters the middle cranial fossa through the fora-
men spinosurn (Fig. 12.14). 

3 In the middle cranial fossa, the artery h as an 
extradural course, but the middle meningeal veins 
are closer to the bone than the artery. Here the artery 
runs forwards and laterally for a variable distance, 
grooving the squamous temporal bone, and d ivides 
into a frontal and parietal branch (Fig. 12.14). 

4 The frontal or anterior branch is larger than the pa rietal 
branch. First it runs forwards and la terally towards 
the lateral end of the lesser w ing of the sphenoid 
crossing the inner aspect of pterion (meeting p oin t 
of_ frontal, parietal, squamous temporal and greater 
wmg of sphenoid). Then it runs obliquely upwards 
and backwards, parallel to, and a little in front of 
the central sulcus of the cerebral hemisphere. Thus 
after crossing the pterion, the artery is closely related 
to the motor area of the cerebral cortex (see Fig. 1.8). 

5 The parietal or posterior branch runs backwards over, 
or near, the superior temporal sulcus of the cerebrum, 
about 4 cm above the level of the zygomatic arch. It 
ends in front of the posteroinferior an gle of the 
parie tal bone by divid ing into branches. 

Branches 
The midd le men ingeal artery supplies only small 
branch es to the dura ma ter. It is predominantly a 
periosteal artery supplying bone and red bone marrow 
in the diploe. 

Within the cranial cavity, it gives off: 
a. The ganglionic branches to the trigeminal ganglion . 
b. A petrosal branch to the hia tus for the greater 

petrosal nerve. 
c. A superior hJmpanic branch to the tensor tympani. 
d . Temporal branches to the temporal fossa . 
e. Anastomotic branch that enters th e orbit and 

anastomoses with the lacrimal artery. 

CLINICAL ANATOMY 

• The middle meningeal artery is of great surgical 
importance because it can be torn in head injuries 
result~g in extradural haemorrhage. The frontal or 
anterior branch is comm only involved . Th e 
haematoma presses on the motor area, giving rise 
to hemiplegia of the opposite side. The anterior 
division can be approached surgically by making 

a hole in the skull over the pterion, 4 cm above 
the midpoint of the zygomatic arch (see Fig. 1.8). 

• Rarely, the parie tal or pos terior branch is 
implicated, causing contralateral deafness. In this 
case, the h ole is made a t a point 4 cm above and 
4 cm behind the external acoustic mea tus. 

OTHER STRUCTURES SEEN IN CRANIAL 
FOSSAE AFTER REMOVAL OF BRAIN 

DISSECTION 
Following structures are seen in the anterior cranial fossa. 

Crista galli , cribriform plate of ethmoid, orbital part 
of frontal bone, lesser wing of sphenoid. 

Following structures are seen in the middle cranial fossa: 
Middle meningeal vessels, diaphragma sellae pierced 
by infundibulum, oculomotor nerves, internal carotid arteries, 
optic nerve, posterior cerebral artery, great cerebral vein. 

Following structures are seen in the posterior cranial 
fossa: Facial, vestibulocochlear, glossopharyngeal , 
vagus, accessory, hypoglossal nerves, vertebral arteries, 
spinal root of accessory nerve. 

Various Structures 
The structures seen after removal of the brain are: 12 cranial 
nerves, cavernous part of internal carotid artery, four 
petrosal nerves and fourth part of the vertebral artery. 

Cranial Nerves 
The first or olfactory nerve is seen in the form of 15 to 20 
fi lam ents on each side that pierce the cribriform plate 
of the ethmoid bone (Chapter 4, Volume 4). 

The second or optic nerve passes through the optic 
canal with the ophthalmic artery. 

The third or oculomotor and fourth or trochlear nerves 
pierce the posterior par t of the roof of the cavernous 
sinus formed by crossing of the free and attached 
margins of the ten tori um cerebelli; next they run in the 
lateral wall of the cavernous sinus. They enter the orbit 
through the superior orbital fissm e (see Fig. 13.4). 

The fifth or trigeminal nerve, has a large sensory root 
and a small motor root. The roots cross the apex of the 
p_etrous temporal bone beneath the superior petrosal 
smus, to enter the middle cran ial fossa (Fig. 12.14). 

The sixth or abducent nerve pierces the lower part of the 
posterior wall of the cavernous sinus near the apex of the 
petrous temporal bone. It runs forwards by the side of 
the dorsum sellae beneath the petrosphenoidal ligament 
to reach the centre of the cavernous sinus (Fig. 12.6). 

The seventh or facial and eighth or statoacoustic or 
vestibulocochlear nerves pass through the internal 
acoustic meatus with the labyrinthine vessels. 



The ninth or glossopharyngeal, tenth or vagus and 
eleventh or accessory neroes pierce the dura mater at the 
jugular foramen and pass out through it. The glosso-
pharyngeal nerve is enclosed in a separate sheath of dura 
mater, while vagus and accessory nerves are enclosed 
in one sheath. The spinal part of the accessory nerve 
first enters the posterior cranial fossa through the 
foramen magnum, and then passes out through the 
juguJar foramen along with cranial part. 

The two parts of the twelfth or hypoglossal nerve pierce 
the dura mater separately opposite the hypoglossal 
canal and then pass out through it. 
Internal Carotid Artery 
Internal carotid artery begins in the neck as one of the 
terminal branches of the common carotid artery at the 
level of the upper border of the thyroid cartilage. Its 
course is divided into the fo ur parts (Fig. 12.16). These 
are: 
Cervical part 
In the neck, it lies within the carotid sheath. This part 
gives no branches (see Fig. 3.8). 
Petrous part 
Within the carotid canal situated in petrous part of the 
temporal bone. It gives caroticotympanic branches and 
artery of pterygoid canal (Fig. 12.16). 
Cavernous part 
Within the cavernous sinus (Fig. 12.6). Thjs part of the 
artery gives off: 
1 Cavernous branches to the trigemmal ganglion. 
2 The superior and inferior hypophyseal branches to 

the hypophysis cerebri. 

C~!ANIAL CAVITY 

Cerebral part 
This part lies at the base of the brain after emerging 
from the cavernous sinus. It gives off the following 
arteries: 
1 Ophtha)mjc 
2 Anterior cerebral 
3 Middle cerebral 
4 Posterior commurucating. 
5 Anterior choroidal. 

Of these, the ophtha)mjc artery supplies structures 
in the orbit; while the others supply the brain. 

The curvatures of the petrous, cavernous and cerebral 
parts of the internal carotid artery together form an S-
shaped figure, the carotid siphon of angiograms. 

Petrosal Nerves 
1 The greater petrosa/ nerve (Fig. 12.14) carries gustatory 

and parasympathetic fibres .. It a rises from the 
geniculate ganglion of the faciial nerve, and enters 
the middle cranial fossa through the hiatus for the 
greater petrosal nerve on the anterior surface of 
the petrous temporal bone. It p roceeds towards the 
foramen lacerum, where it joins the deep petrosal 
nerve which carries sympathetic fibres to form the 
nerve of the pterygoid canal (see Table A.2). 
The nerve of the pterygoid canal passes through the 
pterygoid canal to reach the pter ygopala tine 
ganglion. The parasympathetic fibres relay in this 
ganglion. Postgangl ionic parasympathetic fibres 
arising in the ganglion ultimately supply the lacrimal 
gland and the mucosa! glands of the nose, palate and 

Anterior choroidal branch 

1 
I 
I 
I 
I 
I Cerebral part 
I 

..=;.a.- Posterior communicating branch I 
I 
I 

------------------
-- --- - -----------------------------1 

I 
I 
I 
I 
I 

Cavernous partl 
I 
: Inferior hypophyseal branch ---~ 111 
I 
I 
I 
I '-----------------------------------1 

I Petrous part I 
I 
I 
l-- •----

Artery of pterygoid canal -------l 

--- Trigeminal ganglion branch 

------1 
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I 

1cervical part 
I 
I _______ J 

Fig. 12.16: Various parts of internal carotid artery 
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pharynx (see Fig. 15.16b). The gustatory or taste fibres 
do not relay in the ganglion and are distributed to 
the palate. 

2 The deep petrosal nerve, sympathetic in nature, is a 
branch of the sympathetic plexus around the internal 
carotid artery. It contains postganglionic fibres from 
the superior cervica l sympathetic ganglion. The 
nerve joins the greater petrosal nerve to form the 
nerve of the pterygoid canal. The sympathetic fibres 
are distributed through the branches of the pterygo-
palatine ganglion (see Table A.2 in Appendix). 

3 The lesser petrosal nerve, parasympathetic in nature, 
is a branch of the tympanic plexus, deriving its pre-
ganglionic parasympathetic fibres from the tympanic 
branch of the glossopharyngeal nerve. It emerges 
through the h.ia tus for the lesser petrosal nerve, situated 
just lateral to the hiatus for the greater petrosal nerve, 
passes out of the skull through the foramen ovale, 
and ends in the otic ganglion (see Fig. 6.17). Post-
ganglionic fibres arising in the ganglion supply the 
parotid gland through the auriculotemporal nerve 
(see Table A.2 in Appendix). 

4 The external petrosal nerve, sympathetic in nature is 
an inconstant branch from the sympathetic plexus 
around the middle meningeal artery to the geniculate 
ganglion of the facial nerve. 

Fourth Part of the Vertebral Artery 
It enters the posterior cranial fossa through the foramen 
magnum after piercing the dura mater near the skull. 
It has been studied in Chapter 9. 

Mnemonics 
Cavernous sinus contents O TOM CAT 
Oculomotor nerve (Ill) 
Trochlear nerve (IV) 
Ophthalmic nerve (VT ) 
Maxillary nerve (V2) 
Carotid artery (internal) 
Abducent nerve (VI) 
T: Nothing 

• Meningeal layer of dura mater forms falx cerebri 
and falx cerebelli in sagittal plane and tentorium 
cerebelli and cliaphragma ellae in horizontal plane. 

• Only spinal ganglia present in the cranial cavity is 
the trigeminal ganglion. 

• Only mixed branch of trigeminal is the manclibu Ia r 
branch. The other two are purely sensory. 

• Anterior branch of middle meningeal artery lies 
on the inner aspect of pterion and is liable to injury, 
leading to extradural haemorrhage. 

CLINICOANATOMICAL PROBLEM 

A young person complains of a little painful pap~es 
on the right side of forehead along a nerve on the n ght 
side. There is redness of the eyes with severe pain. 
• What is the cliagnosis? 
• Trace the pathway of pain impulses 
Ans: The diagnosis is 'herpes zoster'. . 

The pathway of pain impulses is shown m 
Flowchart 12.1. 

Flowchart 12.1: Pathway of pain impulses 

The afferent impulses pass along supraorbltal nerve 

Ophthalmic division of V nerve 

V ganglion (sensory ganglion) in its dural cave 

Sensory root of V nerve 

Spinal nucleus of V nerve (relay occurs) 

Trigeminal lemniscus 

Brainstem, thalamus (another relay) 

Postcentral gyrus on the superolateral surface 
of brain close to its lower part 

FREQUENTLY ASKED QUESTIONS 

1. Describe cavernous venous sinus under the 
following headings: 
a. Extent 
b . Relations 
c. Tributaries and communications 
d . Clinical anatomy 

2. Write sh ort notes on: 
a. Falx cerebri 
b. Superior sagittal sinus 
c. Hypophysis cerebri 
d. Middle meningeal artery 
e. Tentorium cerebelli 
f. T rigeminal ganglion 
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MULTIPLE CHOICE QUESTIONS 

1. One of the following structures is not related to 
cavernous sinus: 
a. Trochlear nerve 
b. Oculomotor nerve 
c. Optic nerve 
d. Ophthalmic nerve 

2. Which is true about cavernous sinus? 
a. Oculomotor nerve in medial wall 
b. Trochlear nerve on medial wall 
c. Optic tract inferiorly 
d. Drains into transverse sinus 

3. What is the correct position of VI nerve in relation 
to internal carotid artery in cavernous sinus? 
a. Medial 
b. Lateral 
c. Inferolateral 
d. Posterior 

4. If lll, JV, VI and ophthalmic nerves are paralysed 
the infection is localised to: 
a. Brain stem 
b. Base of skull 
c. Cavernous sinus 
d. Apex of orbit 

s. Which is not a part of internal carotid artery? 
a. Cervical 
b. Petrous 
c. Cerebral 
d. Ophthalmic 

6. Rupture of which commonly injured artery causes 
extradural haemorrhage: 
a. Trunk of middle meningeal artery 
b. Anterior branch of middle meningeal artery 
c. Posterior branch of middle meningeal artery 
d. None of the above 

7. Which of the petrosal nerve carries preganglionic 
fibres to the otic ganglion? 
a. Greater 
b. Deep 
c. Lesser 
d. External 

8. Arachnoid villi drain into which of the following 
sinuses? 
a. Transverse 
b. Straight 
c. Superior sagittal 
d. Sigmoid 

ANSWERS -----------------:----=- -------
5. d 6. b 7.c 8.c 1. C 2.d 3. c 4.c 



Contents of the Orbit 

. II I/ hrml lu,Ju uj, ,,.1,,.,, -~ hhd<I" >tunhu· ;,, II,, ,l.;y 
-William Wordsworth 

INTRODUCTION 
The orbits are bony cavities lodging the eyeballs, 
extraocular muscles, nerves, blood vessels and lacrimal 
gland . Out of 12 pairs of cranial nerves; Il, ill, IV, VI, a 
part of V, and some sympathetic fibres are dedicated 
to the con tents of orbit only. Nature has provided orbit 
for the safety of the eyeball. We must also try and look 
after our orbits and their contents. 

ORBITS 

DISSECTION 
Strip the endosteum from the floor of the anterior cranial 
fossa. Gently break the orbital plate of frontal bone 
forming the roof of the orbit and remove it in pieces so 
that orbital periosteum is clearly visible. Medially, the 
ethmoidal vessels and nerves should be preserved. 
Posteriorly, identify the optic canal and superior orbital 
fissure and structures traversing these. Define the 
orbital fascia and fascial sheath of eyeball. 

Divide the orbital periosteum along the middle of the 
orbit anteroposteriorly. Cut through it horizontally close 
to anterior margin of orbit (refer to BOC App). 

Features 
The orbits are pyram_jdal cavities, situated one on each 
side of the root of the nose. They provide sockets for 
rotatory movements of the eyeball. The long axis of the 
each orbit passes backwards and medially. The medial 
walls ar e parallel to each other at a distance of 2.5 cm 
but the lateral walls are set at right angles to each o ther 
(see Fig. 1.19). 

Contents 
1 Eyeball: Eyeball occupies anterior one-third of orbit. 

It is described in Chapter 19. 
2 Fascia: Orbital and bulbar. 
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3 Muscles: Extraocular and intraocular. 
4 Vessels: Ophthalmic artery, superior and inferior 

ophthalmic veins, and lymphatics. 
5 Nerves: Optic, oculomotor, trochlear and abducent; 

branches of ophthalmic and maxillary nerves, and 
sympathetic nerves. 

6 Lacl'imal gland: It has already bee n studied in 
Chapter 2. 

7 Orbital fat. 

Visual Axis and Orbital Axis 
Axis passing through centres of anterior and posterior 
poles of the eyeball is known as visual axis. It makes 
an angle of 20-25° with the orbital axis (see Fig. 1.19), 
i.e. line passing through optic canal and centre of base 
of orb it, i.e. opening on the face. 

Orbital Fascia or Periorbita 
It forms the periosteurn of the bony orbit. Due to the 
loose connection to bone, it can be easily stripped . 
Posteriorly, it is continuous with the dura mater and 
with the sheath of the optic nerve. Anteriorly, it is 
con tinuous with the periosteum lining the bones 
around the orbital margin (Fig. 13.1). 

There is a gap in the periorbita over the inferior 
orbital fissure. This gap is bridged by connective tissue 
with some smooth muscle fibres in it. These fibres 
constitute the orbitalis muscle. 

a. At the upper and lower margins of the orbit, the 
orbital fascia sends off flap-like continuations into 
the eyelids. These extensions form the orbital septum. 

b. A process of the fascia holds the fibrous p ulley of 
the tendon of the superior oblique muscle in place. 

c. Another p rocess forms the lacrimal fascia wruch 
bridges the lacrima1 groove. 

Fascial Sheath of Eyeball or Bulbar Fascia 
1 Tenon 's capsule fo rms a thin, loose membranous 

shea th around the eyeball, extending from the optic 
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Fig. 13.1 : Orbital fascia and fascial sheath of the eyeball as seen 
in a parasagittal section 

nerve to the sclerocorneal junction or limbus. It is 
sep arated from the sclera by the episcleral space 
which is traversed by delica te fibrous bands. The 
eyeball can freely move within this sheath. 

2 The sheath is pierced by: 
a. Tendons of the various extraocular muscles. 
b. Ciliary vessels and nerves around the entrance of 

the optic nerve. 
3 The sheath gives off a number of expansions. 

a. A tubular sheath covers each orbital muscle. 
b. The medial check ligament is a s trong triangular 

expansion from the sheath of the medial rectus 
muscle; it is attached to the lacrimal bone. 

c. The lateral check ligament is a strong triangular 
expansion from the sheath of the la teral rectus 
muscle; it is attached to the zygomatic bone 
(Fig. 13.2). 

4 The lower part of Tenon's capsule is thickened, and 
is named the suspensory ligament of the eye or the 
suspensory ligament of Lockwood (Fig. 13.3). It is 
expanded in the centre and narrow at its extremities, 
and is slung like a hammock below the eyeball. It is 
formed by union of the margins of the sheaths of the 
inferior rectus and the inferior oblique muscles with 
the medial and lateral check ligaments. 

EXTRAOCULAR MUSCLES 

DISSECTION 
Identify and preserve the trochlear nerve entering the 
superior oblique muscle in the superomedial angle of 
the orbit. Find the frontal nerve lying in the midline on 
the levator palpebrae superioris. It divides into two 
terminal divisions in the anterior part of orbit. 

CONTENTS OF THE ORBIT 

Beneath the levator palpebrae superioris is the 
superior rectus muscle. The upper division of 
oculomotor nerve lies between these two muscles, 
supplying both of them. Along the lateral wall of the 
orbit look for lacrimal nerve and artery to reach the 
superolateral corner of the orbit. 

Follow the tendon of superior oblique muscle passing 
superolaterally beneath the superior rectus to be 
inserted into sclera behind the equator. After identifica-
tion, divide frontal nerve, levator palpebrae superioris 
and superior rectus in the middle of the orbit and reflect 
them apart. Identify the optic nerve and other structures 
crossing it. These are nasociliary nerve, ophthalmic 
artery and superior ophthalmic vein. With the optic nerve 
find two long ciliary nerves and 12-20 short ciliary 
nerves are seen. Remove the orbital fat and look 
carefully in the posterior part of the interval between 
the optic nerve and lateral rectus muscle along the 
lateral wall of the orbit and identify the pin head sized 
ciliary ganglion. Trace the roots connecting it to the 
nasor;iliary nerve and nerve to inferior oblique muscle. 

Lastly, identify the abducent nerve closely adherent 
to the medial surface of lateral rectus muscle. 

Incise the inferior fornix of conjunctiva and palpebral 
fascia. Elevate the eyeball and remove the fat and fascia 
to identify the origin of inferior oblique muscle from the 
floor of the orbit anteriorly. 

Identify the levator palpebrae superioris and superior 
rectus above the eyeball, superior oblique supero-
medially, medial rectus medially, lateral rectus laterally, 
and inferior rectus inferiorly. 

The voluntary muscles are miniature ribbon muscles, 
having short tendons of origin and long tendons of 
insertion. 

Voluntary Muscles 
1 Four recti: 

a. Superior rectus. 
b. Inferior rectus. 
c. Medial rectus. 
d. Lateral rectus. 

2 Two obliques: 
a. Superior oblique. 
b. Inferior oblique. 

3 The leva lo r palpebrae s upe rioris elevates the upper 
eyelid. 

Involuntary Muscles 
1 The superior tarsal muscle is the deeper portion of 

the levator palpebrae superioris. It is inserted on the 
upper margin of the superior tarsus. Tt elevates the 
upper eyelid. 
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Medial palpebral ligament 

Sheath of lateral rectus _ __ _,,. 

Orbital fascia----~ 

~-->.--- Lacrimal fascia 
r,,114-- Lacrimal sac 

Lacrimal bone 
i+-+-- Medial check ligament 

Fig. 13.2: Orbital fascia and fascial sheath of the eyeball as seen in transverse section 
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Fig. 13.3: Fascial sheath of the eyeball as seen in coronal section 

Superior rectus---------------, 
Trochlear nerve----------... 

Recurrent meningeal branch -------.. 
of ophthalmic artery .,,...__-'<',......_ 

Lacrimal nerve - ----'<-'.,-J 
Frontal nerve----- ---'~ ---'~ 

Superior ophthalmic vein----- --~~ 

2 The inferior tarsal muscle extends from the fascial 
sheath of the inferior rectus and inferior oblique to 
the lower margin of the inferior tarsus. It possibly 
depresses the lower eyelid. 

3 The orbitalis bridges the inferior orbital fissure. Its 
action is uncertain (Fig. 13.1). 

Voluntary Muscles 
Origin 
1 The four recti arise from a common annular tendon or 

tendinous ring of zinn. The ring is attached to the 
middle part of superior orbital fissure (Fig. 13.4). 
The lateral rectus has an additional small tendinous 
head which arises from the orbital surface of the 

~----- Levator palpebrae superioris 

~---Common tendinous ring 

~ - --Superior oblique 

--- - Medial rectus 
Body of sphenoid 

~ ~T~lf- - -- Optic nerve and ophthalmic 

Upper and lower divisions -------~--- ->ai!:----7"<---'c) artery in optic canal 
of oculomotor nerve -----Nasociliary nerve 

Abducent nerve - -------~ 

Fig. 13.4: Apical part of the orbit showing the origins of the extraocular muscles, the common tendinous ring and the structures 
passing through superior orbital fissure 



greater wing of the sphenoid bone lateral to the 
tendinous ring. Through the gap between the two 
heads abducent nerve passes. 

2 The superior oblique arises from the undersurface 
of lesser wing of the sphenoid, superomedial to the 
optic canal. 

3 The inferior oblique arises from the orbital surface of 
the maxilla, lateral to the lacrimal groove. The muscle 
is situated near the anterior margin of the orbit. 

4 The levator p alpebrae superioris arises from the 
orbital surface of the lesser wing of the sphenoid 
bone, anterosuperior to the optic canal and to the 
origin of the superior rectus. 

Insertion 
1 The recti are inserted into the sclera, a little posterior 

to the limbus (corneo-scleral junction). The average 
dis tances of the insertions from the corn ea are: 
superior 7.7 mm; inferior 6.5 mm, medial 5.5 mm; 
lateral 6.9 mm (Fig. 13.5). 

Superior 

Lateral + Medial 

Inferior 

Inferior oblique 

Superior 
rectus 

0 

Superior 
oblique 

Pulley 

nMedial 
rectus 

~----Inferior 
rectus 

Fig. 13.5: Scheme to show the insertion of the oblique muscles 
of the eyeball 

Superior rectus ---------. 

Lacrimal nerve 
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2 The tendon of the superior oblique passes through a 
fibrocartilaginous pulley attached to the trochlear 
fossa of the frontal bone. The tendon then passes 
laterally, downwards and backward below the 
superior rectus. It is inserted into the sclera behind 
the equator of the eyeball, between the superior 
rectus and the la teral rectus. 

3 The inferior oblique is fleshy throughout. It passes 
laterally, upwards and backwards below the inferior 
rectus and then deep to the lateral rectus. The inferior 
oblique is inserted close to the superior oblique a little 
below and posterior to the latter. 

4 The flat tendon of the levator splits into a superior 
or voluntary and an inferior or involuntary lamellae. 
Superior lamella of the levator is inserted into the 
anterior s urface of the superior tarsus, and into 
the skin of the upper eyelid. The inferior lamella 
(smooth part) is inserted into the upper margin of 
the superior tarsus (see Fig. 2.216) and into superior 
conjunctiva! fornix. 

Nerve Supply 
1 The superior oblique is supplied by the IV cranial or 

trochlear nerve (S04) (Fig. 13.6). 
2 The lateral rectus is supplied by the VT cranial or 

abducent nerve (LR6). 
3 The remaining five extraocular muscles; superior, 

inferior and medial recti; inferior oblique and part 
of levator palpebrae superioris are all supplied by 
the ill cranial or oculomotor nerve. 

Actions 
1 The movements of the eyeball are as follows. 

a. Around a transverse axis 
• Upward rotation or elevation (33°). 
• Downwards rotation or depression (33°). 

Superior oblique 
Optic nerve 

Fig. 13.6: Scheme to show the nerve supply of the extraocular muscles 
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b. Around a vertical axis 
• Medial rotation or adduction (50°). 
• Lateral rotation or abduction (50°). 

c. Around an anteroposterior axis 
• Intorsion 
• Extorsion. 
The rotatory movements of the eyeball upwards, 
downwards, medially or laterally, are defined in 
terms of the direction of movement of the centre 
of the pupil. The torsions are defined in terms of 
the direction of movement of the upper margin 
of the pupil at 12 o' clock position. 

d. The movements given above can take place in 
various combinations. 

2 Actions of individual muscles shown in Fig. 13.7a and 
Table 13.1. 

3 Single or pure movements are produced by combined 
actions of muscles. Similar actions get added 
together, while opposing actions cancel each other 
enabling pure movements (Fig. 13.7b ). 
a. Upward rotation or elevation: By the superior rectus 

and the inferior oblique. 
b. Downward rotation or depression: By the inferior 

rectus and the superior oblique. 
c. Medin/ rotation or adduction: By the medial rectus, 

the superior rectus and the inferior rectus. 
d. Lateral rotation or abduction: By the lateral rectus, 

the superior oblique and the inferior oblique. 
e. Intorsion: By the superior oblique and the superior 

rectus. 
f. Extorsion: By the inferior oblique and the inferior 

rectus. 
4 Combined movements of the eyes 

Normally, movements of the two eyes are harmoni-
ously coordinated. Such coordinated movements of 
both eyes are called conjugate ocular movements 
(Fig. 13.7c). 

CLINICAL ANATOMY 

• Weakness or paralysis of a muscle causes squin t or 
strabismus, which may be concomjtant or paralytic. 
Concomi tant squ int is congenita l; the re is no 
limitation of movement, and no diplopia (Fig. 13.8). 
fn paralytic squint, movements are limited, 
diplopia and vertigo are present, head is turned 
in the direction of the function of paralysed muscle, 
and there is a false orientation of the field of vision. 

• Nystagmus is cha racterized by involunta ry, 
rhythmical oscillatory movements of the eyes. This 
is due to incoordination of the ocular muscles. It 
may be either vestibular or cerebellar, or even 
congenital. 

VESSELS OF THE ORBIT 

DISSECTION 
Trace the ophthalmic artery after it was seen to cross 
over the optic nerve along with nasociliary nerve and 
superior ophthalmic vein. Identify its branches especially 
the central artery of the retina which is an 'end artery'. 

OPHTHALMIC ARTERY 
Origin 
The ophthalmic artery is a branch of the cerebral 
part of the internal carotid artery, given off medial to 
the anterior clinoid process close to the optic canal 
(Figs 13.9 and 13.10). 

Course and Relations 
1 The artery enters the orbit through the optic canal, 

lying inferolateral to the optic nerve. Both the artery 
and nerve lie in a common dural sheath. 

2 In the orbit, the artery pierces the dura mater, ascends 
over the lateral side of the optic nerve, and crosses 
above the nerve from lateral to medial side along 
with the nasociliary nerve. It then runs forwards 
along the medial wall of the orbit between the 
superior oblique and the medial rectus muscles and 
parallel to the nasociliary nerve. 

3 It terminates near the medial angle of the eye by 
dividing into the supratrochlear and dorsal nasal 
branches (Fig. 13.9). 

Branches 
While still within the dural sheath, the ophthalmic 
artery gives off the central artery of the retina. After 
piercing the dura mater, it gives off a large lacrimal 
branch that runs along the lateral wall of the orbit. The 
main artery runs towards the medial wall of the orbit 
giving off a number of branches. The various branches 
are described below. 

Central Artery of Retina 
The central artery of retina (Fig. 13.10) is the first and 
most important branch of the ophthalmic artery. It first 
lies below the optic nerve. It pierces the dural sheath of 
the nerve and runs forwards for a short distance 
between these two. It then enters the substance of the 
nerve and runs forwards in its centre to reach the optic 
disc (Fig. 13.9). Here it divides into branches that supply 
the retina (see Fig. 19.10). 

The central artery of the retina is an end artery. It does 
not have effective anastomoses with other arteries. 
Occlusion of the artery results in blindness. The 
intraocular part of the artery can be seen, in the living, 
through an ophthalmoscope (see Fig. 19.16). 
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Branches Arising from the Lacrimal Artery 
1 Branches are given to the lacrimal gland. 
2 Two zygoma tic branches en ter canals in the 

zygoma tic bone. One branch appears on the face 
through the zygomaticofacial foramen. The other 
appears on the temporal surface of the bone through 
the zygomaticotemporal foramen . 

3 Lateral palpebral branches supply the eyelids. 
4 A recurrent meningeal branch runs backwards to 

enter the middle cranial fossa through the superior 
orbital fissure. 

5 Muscular branches supply the muscles of the orbit. 

Branches Arising from the Main Trunk 
1 The posterior (long and short) ciliary arteries supply 

chiefly the choroid and iris .. The eyeball is also 
supplied through anterior cilia ry branches which are 
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Fig. 13. 7b: Single movement of the eye 
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Superior recti 

Inferior 
oblique 
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rectus 

I 
Inferior recti 
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Normal 

Both superior rectus and 
inferior oblique on each side 

-~ -o 
Lateral rectus Medial rectus 

l Both inferior rectus l 
and superior oblique on each side 

~ - ~ -
Medial rectus Lateral rectus 

Fig. 13.7c: Muscles for conjugate movements of the eyes 

Table 13.1: Actions of Individual muscles 
Muscle 
Superior rectus (SR) 
Inferior rectus (IA) 
Superior oblique (SO) 
Inferior oblique (10) 
Medial rectus (MR) 
Lateral rectus (LR) 

Vet1ical axis 
Elevates 
Depresses 
Depresses 
Elevates 

given off from arteries supplying muscles attached 
to the eyeball (Fig. 13.10). 

2 The supraorbita l and supratrochlear branches supply 
the skin of the forehead. 

3 The anterior and posterior ethmoidal branches enter 
foramina in the medial wall of the orbit to supply 
the ethmoidal air sinuses. They then enter the anterior 
cranial fossa. The terminal branches of the anterior 
ethmoidal artery enter the nose and supply part of it. 

4 The medial palpebral branches supply the eyelids. 
5 The dorsal nasal branch supplies the upper part of 

the nose. 

Horizontal axis 
Adducts 
Adducts 
Abducts 
Abducts 
Adducts 
Abducts 

Anteroposterior axis 
Rotates medially (intorsion) 
Rotates laterally (extorsion) 
Rotates medially (intorsion) 
Rotates laterally (extorsion) 

CLINICAL ANATOMY 

• The anterior ciliary arteries arise from the 
muscular branches of ophthalmic artery. The 
muscular arteries are important in this respect. 

• The central artery of retina is the only arterial supply 
to most of the nervous layer, the retina of the eye. 
If this artery is blocked, there is sudden blindness. 

OPHTHALMIC VEINS 
The superior ophthalmic vein: I t accomp anies the 
ophthalmic artery. It lies above the optic nerve. It 



Fig. 13.8: Medial squint of the right eye 
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receives tributaries corresponding to the branches of 
the artery, passes through the superior orbital fissure, 
and drains into the cavernous sinus. It communicates 
anteriorly with the supraorbital and angular veins 
(see Fig. 2.6). 

The inferior ophthalmic vein: It runs below the optic nerve. 
It receives tributaries from the lacrimal sac, the lower 
orbital muscles, and the eyelids, and ends either by 
joining the superior ophthalmic vein or drains directly 
into the cavernous sinus. It communicates with the 
pterygoid plexus of veins by small veins passing 
through the inferior orbital fissure. 

Anterior ciliary 

~ ~ ~-- - - Zygomaticotemporal 
,.__ _____ _ Lacrimal 

1t-- -H- -nf----- Posterior ciliary 
N---- -- Superior orbital fissure 

--------Recurrent meningeal branch 

Middle meningeal 

Fig. 13.9: The arteries of the eyeball 
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~ - - - Arachnoid mater 
~ - --- Subarachnoid space 
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Fig. 13.10: Branches of ophthalmic artery 



HEAD AND NECK 

Lymphatics of the Orbit 
The lymphatics dra in into the preauricular parotid 
lymph nodes (see Fig. 2.25). 

These are: 
1 Optic II 

NERVES OF THE ORBIT 

2 Ciliary ganglion 
3 Oculomotor (III) and trochlear (IV) 
4 Branches of ophthalmic (Vl) and maxillary divisions 

(V2) of the trigeminal 
5 Abducent (VI) 
6 Sympathetic nerves. 

Only optic nerve, ciliary ganglion branches of Vl and 
some branches of V2 and sympathetic nerves are 
described in this Chapter. ill, IV and VI cranial nerves 
are described in Chapter 4, Volume 4. 

OPTIC NERVE 
The optic nerve is the nerve of sight. It is made up of 
the axons of cells in the ganglionic layer of the retina. 
It emerges from the eyeball 3 or 4 mm nasal to its 
p osterior pole. It runs backwards and medially, and 
passes through the optic canal to enter the middle 
cranial fossa where it joins the optic chiasma. 

The nerve is about 4 cm long, out of which 25 mm 
are intraorbital, 5 mm intracanalicular, and 10 mm 
intracranial. The enti re nerve is enclosed in three 
meningeal sheaths. The subarachnoid space extends 
around the nerve up to the eyeball (Fig. 13.10). 

Relations in the Orbit 
1 At the apex of the orbit, the nerve is closely sur-

rounded by the recti muscles. The ciliary ganglion 
lies between the optic nerve and the la teral rectus. 

2 The central artery and vein of the retina pierce the 
optic nerve inferom edially about 1.25 cm behind the 
eyebaJJ (Fig. 13.9). 

3 The optic ner ve is crossed s uperiorly by the 
ophthalmic artery, the nasociliary nerve and the 
superior ophthalmic vein. 

4 The optic nerve is crossed inferiorly by the nerve to 
the medial rectus. 

5 ear the eyeball, the nerve is surrounded by fat 
containing the ciliary vessels and nerves (see Fig. 19 .2). 

Structure 
1 There are about 1.2 million myelinated fibres in each 

optic nerve, out o f which about 53% cross in the optic 
chiasma. 

2 The optic nerve is not a nerve in the strict sense as 
there is no neurolemmal sheath. It is actually a tract. 
It cannot regenerate if it is cut. Developmentally, the 
optic nerve and the retina a re a direct prolonga tion 
of the brain. 

CLINICAL ANATOMY 

• The anastomoses between tributaries of facial vein 
and ophthalmic veins may res ult in spread of 
infection from the orbital and nasal regions to the 
cavernous sinus leading to its thrombosis. 

• Optic neuritis is characterized by pain in and 
behind the eye on ocular movements and on 
pressure. The papilloedema is less but loss of 
vision is more. When the optic disc is no rmal as 
seen by an ophtha lmoscope the same condition is 
called re trobulbar neuritis. 
The common causes are demyelinating diseases of 
the central nervous system, any septic focus in the 
teeth or paranasal sinuses, meningitis, encephalitis, 
syphilis, and even vitamin B deficiency. 

• Optic nerve has no neurilemrna sheath, and has no 
power of regeneration. It is a tract and not a nerve. 

• Optic atrophy may be caused by a variety of 
diseases. rt may be primary or secondary. 

CILIARY GANGLION 
Cil iary ganglion is a perip h eral parasympathetic 
ganglion placed in the course of the oculomotor nerve. 
It lies near the apex of the orbit between the optic nerve 
and the tendon of the la tera l rectus muscle. It has 
parasympathetic, sensory and sympathetic roots. 

The parasympathetic root arises from the nerve to the 
inferior oblique (Fig . 13.11). It contains preganglionic 
fibres that begin in the Edinger-Westphal nucleus. The 
fibres relay in the ciliary ganglion. Postganglionic fibres 

Constrictor pupillae 

Ciliaris 

Ciliary ganglion 

Sensory root - ---r1 

Sympathetic root __ __,.,,.,...._...,, 

Parasympathetic root----- -----'I'\ 

Nerve to inferior oblique -------<Lill> 

Branch to 
inferior oblique 

Fig. 13.11 : Roots and branches of ciliary ganglion 



arising in the ganglion pass through the short ciliary 
nerves and supply the sphincter pupillae and the ciliaris 
muscle (see Table 1.3). These intraocular muscles are 
used in accommodation. 

The sensory root comes from the nasociliary nerve. It 
contains sensory fibres for the eyeball. The fibres do 
not relay in the ganglion (Fig. 13.11). 

The sympathetic root is a branch from the internal 
carotid p lexus. It contains postganglionic fibres arising 
in the superior cervical ganglion {preganglionic fib res 
reach the ganglion from lateral horn of Tl spinal 
segment) which pass along internal carotid, ophthalmic 
and long ciliary arteries. They pass out of the ciliary 
ganglion without relay in the short ciliary nerves to 
supply the blood vessels of the eyeball. They also 
supply the d ilator pupillae. 

Branches 
The ganglion gives off 8 to 10 short ciliary nerves which 
divide into 15 to 20 branches, and then pierce the sclera 
around the entrance of the optic nerve. They contain 
fibres from all the three roots of the ganglion. 

BRANCHES OF OPHTHALMIC DIVISION 
OF TRIGEMINAL NERVE 
Following are the branches of ophthalmic division of 
trigeminal nerve. 
1 Frontal Supratrochlear 

Supraorbital 
2 Nasociliary Branch to ciliary ganglion 

2-3 long ciliary nerves 

3 Lacrimal 

Lacrlmal Nerve 
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Posterior ethmoidal 
Infra trochlear 
Anterior ethmoidal 
Branch to the uppe r eyelid and 
secretomotor fibres to lacrimal g land. 

This is the smallest of the three terminal branches of 
ophthalmic nerve (Fig. 13.12a) . It enters the orbit 
through latera l part of superior orbital fissure and runs 
forwards along the upper border of la teral rectus 
muscle, in company with lacrimal artery. Anteriorly, it 
receives communication from zygom aticotemporal 
nerve, passes deep to the lacrimal gland, and ends in 
the lateral part of the upper eyelid . 

The lacrimal nerve supplies the lacrimal gland, the 
conjunctiva and the upper eyel id. Its own fibres to the 
gland are sensory. The secretomotor fib res to the gland 
come from the greater petrosal nerve through its 
communication with the zygomaticotemporal nerve (see 
Table 1.3). 

Frontal Nerve 
This is the largest of the three terminal branches of the 
ophthalmic nerve (Figs 13.12a and b). lt begins in the 
lateral wall of the anterior part of the cavernous sinus. 
It enters the orbit through the lateral part of the superior 
orbital fissure, and runs forwards on the superior 
surface of the levator palpebrae s uperioris. A t the 
middle of the orbit, it d iv ides into a small supratrochJear 
branch and a large supraorbital branch. · 

Trochlear nerve----~ ----- Levator palpebrae superioris 
---- Superior rectus 

Ophthalmic nerve with frontal, 
lacrimal and nasociliary branches 

Oculomotor nerve----, 
Abducent nerve 

Trigeminal ganglion 

Mandibular nerve 

Medial rectus 

Inferior rectus--_. 
Inferior oblique supplied by oculomotor nerve - ----' 

Lateral rectus supplied by abducent nerve--- ---' 

(a) 

~--Superior oblique 

Anterior 

I 
~I 5 

r 
Q) 

Ql s 
3 cil 

Posterior 

(b) 

Figs 13.12a and b: (a) Branches of right ophthalmic nerve including Ill, IV, VI cranial nerves and the extraocular muscles, and (b) branches 
of nasociliary: (1) Branch to ciliary ganglion, (2) long ciliary, (3) posterior ethmoidal, (4) infralrochlear, and (5) anterior ethmoidal 
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The supratrochlear nerve emerges from the orbit above 
the trochlea about one finger breadth from the median 
plane. It supplies the conjunctiva, the upper eyelid, and 
a small area of the skin of the forehead above the root 
of the nose (see Figs 2.5 and 2.16). 

Th.e suprnorbital nerve emerges from the orbit through 
the supraorbi tal notch or foramen about two fingers 
breadth from the median plane. It divides into medial 
and lateral branches which runs upwards over the 
forehead and scalp. It supplies the conjunctiva, the 
central part of the upper eyelid, the frontal air sinus and 
the skin of the forehead and scalp up to the vertex, or 
even up to the lambdoid suture. 

Nasociliary Nerve 
This is one of the terminal branches of the ophthalmic 
division of the trigeminal nerve (Fig. 13.12b). It begins 
in the lateral wall of the anterior part of the cavernous 
sinus. It enters the orbit through the middle part of the 
superior orbital fissure between the two divisions of 
the oculomotor nerve (Fig. 13.4). It crosses above the 
optic nerve from lateral to medial side along with 
ophthalmic artery and runs along the medial wall of 
the orbit between the superior oblique and the medial 
rectus. It ends at the anterior ethmoidal foramen by 
dividing into the infratrochlear and anterior ethmoidal 
nerves. Its branches are as follows. 
1 A communicating branch to the ciliary ganglion forms 

the sensory root of the ganglion. It is often mixed 
with the sympathetic root (Fig. 13.12b). 

2 Two or three long ciliary nerves run on the medial 
side of the optic nerve, p ierce the scJera, and supply 
sensory nerves to the cornea, the iris and the ciliary 
body. They also carry sympathetic nerves to the 
dilator pupillae. 

3 The posterior ethmoidal nerve passes through the 
posterior eth moidal foramen and s upplies the 
ethmoidal and sphenoidal air sinuses. 

4 The infratrochlear nerve is the smaller terminal branch 
of the nasociliary nerve given off at the anterior 
ethmoidal foramen. It emerges from the orbit below 
the trochlea for the tendon of the superior oblique 
and appears on the face above the medial angle of 
the eye. It supplies the conjunctiva, the lacrimal sac 
and caruncle, the medial ends of the eyelids and the 
upper half of the external nose (see Fig. 2.16). 

5 The anterior ethmoidal nerve is the larger terminal 
branch of the nasociliary nerve. It leaves the orbit by 
passing through the anterior ethmoidal foramen. It 
appears, for a very short distance, in the anterior 
cranial fossa , above the cribriform plate of the 
ethmoid bone. It then descends into the nose through 

a slit at the side of the anterior part of the crista galli. 
In the nasal cavity, it lies deep to the nasal bone. It 
gives off two internal nasal branches, medial and 
lateral to the mucosa of the nose. Finally, it emerges 
at the lower border of the nasal bone as the external 
nasal nerve which supplies the skin of the lower half 
of the nose. 

SOME BRANCHES OF MAXILLARY DIVISION 
OF THE TRIGEMINAL NERVE 

lnfraorbital Nerve 
It is the continuation of the maxillary nerve. It enters 
the orbit through the inferior orbital fissure. It then runs 
forwards on the floor of the orbit or the roof of the 
maxillary sinus, at first in the infraorbital groove and then 
in the infraorbi tal canal remaining outside the 
periosteum of the orbit. It emerges on the face through 
the infraorbital foramen and terminates by dividing into 
palpebra1, nasal and labial branches (see Fig. 2.16). The 
nerve is accompanied by the infraorbital branch of the 
third part of the maxillary artery and the accompanying 
vein. 

Branches 
1 The middle superior alveolar nerve arises in the infra-

orbital groove, runs in the lateral wall of the maxillary 
sinus, and supplies the upper premolar teeth. 

2 The anterior superior alveolar nerve arises in the 
infraorbital canal, and runs in a sinuous canal having 
a complicated course in the anterior wall of the 
maxillary sinus. It supplies the upper incisor and 
canine teeth, the maxillary sinus, and the antero-
inferior part of the nasal cavity where it communi-
ca tes with branches of anterior ethmoidal and 
anterior palatine nerves (see Fig. 15.16). 

3 Terminal branches- palpebral, nasal and labial which 
supply a large area of skin on the face. They also 
supply the mucous membrane of the upper lip and 
cheek (see Fig. 2.16). 

Zygomatic Nerve 
It is a branch of the maxillary nerve, given off in the 
pterygopalatine fossa. It enters the orbit through the 
lateral end of the inferior orbital fissure, and runs along 
the lateral wall, outside the periosteum, to enter the 
zygomatic bone. Just before or after entering the bone, 
it divides into its two terminal branches, the zygomatico-
facial and zygomaticotempornl nerves which supply the 
skin of the face and of the anterior part of the temple 
(see Fig. 2.16). The communicating branch to the 
lacrimal nerve, which contains secretomotor fibres to 
the lacrimal gland, arises from the zygomaticotemporal 
nerve, and runs in the lateral wall of the orbit (see 
Chapter 2). 



SYMPATHETIC NERVES OF THE ORBIT 
Sympathetic nerves arise from the internal carotid plexus 
and enter the orbit through the following sources. 
1 The dilator pupillae of the iris is supplied by 

sympathetic nerves that pass through the ophthalmic 
nerve, the nasociliary nerve, and its long ciliary 
branches. 

2 Other sympathetic nerves enter the orbit as follows: 
a. A plexus surrounds the ophthalmic artery. 
b. A direct branch from the internal carotid plexus 

passes through the superior orbital fissure and 
joins the ciliary ganglion. 

c. Other filaments pass along the ocu lomotor, 
trochlear, abducent, and ophthalmic nerves. All 
these sympathetic nerves are vasom otor in 
function. 

Mnemonics 
Extraocular musc/esi cranial nerve innervation 
"LR6S04 rest 3 11 

Lateral rectus by VI 
Superior oblique by I V 
Rest are by Ill cranial nerve, i.e. levator palpebrae 
superioris, superior rectus (SR), medial rectus (MR), 
inferior rectus (IR) and inferior oblique (10). 

• Leva tor palpebrae superioris is partly supplied by 
Ill nerve and partly by sympathetic fibres 

• Central artery of retina is an end artery. 
• Nerve supply of extraocular muscles is LR6, 504, Rest 

(levator palpebrae sup., SR, MR, IR and IO) by Ill. 

CONTENTS OF THE ORBIT 

• Edinger-Westphal is the nucleus for the supply of 
ciliaris muscles and constrictor pupillae muscles. 
The fibres supply these muscles after relaying in 
the ciliary ganglion. 

• Elevation and depression of the cornea occur 
around a transverse axis. 

• Adduction and abduction of the cornea take place 
around a vertical axis. 

• Intorsion and extorsion occur around an antero-
posterior axis. 

CLINlCOANATOMICAL PROBLEM 

A h ypertensive and diabetic lad y w ith high 
cholesterol and lipids develops sudden blind ness in 
her right eye. 
• What has caused blindness in this particular case? 
• ame the other end arteries in the body. 
Ans: Hypertension cause atheromatous changes in 
the arteries. Most of the nervous layers of retina are 
supplied by a single "end artery" with no anas-
tomoses with any other artery. This artery is also 
vulnerable to blockage d ue to various changes in 
blood chemistry. If it gets blocked, the result is blind-
ness of that eye. 

Other end arteries are: 
• Labyrinthine artery for the inner ear 
• Coronary arteries are functional end arteries 

though these do anastomose 
• Central branches of cerebral arteries 
• Segmental branches of the kidney and spleen 

FREQUENTLY ASKED QUESTIONS 

1. Describe extraocular muscles under the following 
headings: 
a. Origin 
c. Actions 
e. Clinical importance 

b. Insertion 
d . Nerve supply 

2. Write short notes on: 
a. Ciliary ganglion 
b. Levator palpebrae superioris 
c. Ophthalmic artery 
d. Actions of oblique muscles 

MULTIPLE CHOICE QUESTIONS 

1. Which nucleus is related to ciliary ganglion? 
a. Superior salivatory 
b. Lacrimatory 
c. Inferior salivatory 
d. Edinger-Westphal 

2. Oph thalmic artery is a branch of wh ich of the 
following arteries? 
a. Internal carotid 
b. External carotid 
c. Maxillary 
d. Vertebral 
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3. Supraorbital artery is a branch of: 
a. Maxillary 
b. External carotid 
c. Ophthalmic 
d. Internal carotid 

4. Whjch of the following is true about ocular muscles? 
a. Medial rectus is supplied by ill nerve 
b. Superior oblique turns the cen tre of cornea 

upwards and laterally 
c. Inferior oblique arises from medial wall of the 

orbit 
d. Lateral rectus is supplied by IV nerve 

5. Which nerve does not transverse the middle part 
of superior orbital fissure? 
a. Two divisions of III nerve 
b. Frontal nerve 
c. VI nerve 
d . asociliary nerve 

6. Which out of the following arteries is an end-artery? 
a. Lacrimal artery 
b. Zygomaticotemporal 
c. Central artery of retina 
d . Anterior ethmoidal artery 

ANSWERS ---------------------
1. d 2.a 3.c 4.a 5. b 6. c 
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ORAL CAVITY 
Oral cavity is used for ingestion of food and fluids. It is 
continued posterio rly into the oropharynx, the middle 
part of the muscular pharynx. In its upper part, opens 
the posterior part of the nasal cavity and the inlet of 
larynx opens into its lower part. Roof of oral cavity is for-
med by the hard and the soft palates. Tongue is the biggest 
occupant of the oral cavity, described in Chapter 17. 
The cavity also contains thirty-two teeth in an ad ult. 

IDENTIFICATION 
Identify the structures in your own oral cavity. These are 
the vestibule, lips, cheeks, oral cavity p roper and teeth. 

Divisions 
The oral or mouth cavity is divided into an outer, 
smaller portion, the vestibule, and an inner larger part, 
the oral cavity proper. 

Vestibule 
1 The vestibule of the mouth is a narrow space bounded 

externally by the lips and cheeks, and internally, by 
the teeth and gums (Fig. 14.1). 

2 It communicates: 
a. With the exterior through the oral fissure. 
b. With the mouth open, it communicates freely with 

the oral cavity proper. Even when the teeth are 
occluded a small communication remains behind 
the third molar tooth. 

3 The parotid duct opens on the inner surface of the 
cheek opposite the crown of the upper second molar 
tooth (Fig. 14.1). Numerous labial and bucca/ glands 
(mucous) situated in the submucosa of the lips and 
cheeks open into the vestibule. Four or five molar 
glands (mucous), si tuated on the buccopharyngeal 
fascia also open into the vestibule. 
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4 Except for the teeth, the entire vestibule is lined by 
mucous membrane. The mucous membrane forms 
median folds that pass from lthe lips to the gums, 
and are called the fren.ula of the lips. 

CLINICAL ANAT 

• The papilla of the parotid dud in the vestibule of 
the mouth provides access to the parotid duct for 
the injection of the radio-opaque dye to locate 
calculi in the duct system or the gland (Fig. 14.1). 

• Koplik's spots are seen as white pin point spots 
around the opening of the parotid duct in measles. 
These are diagnostic of the d iisease. 

Lips 
1 The lips are fleshy folds lined externally by skin and 

internally by mucous membrane. The mucocutaneous 
junction lines the 'edge' of the lip, part of the mucosa! 
surface is also normally seen. 

2 Each lip is composed of: 
a. Skin. 
b. Superficial fascia. 
c. The orbicularis oris muscle. 
d . The subm ucosa, containing mucous labial glands 

and blood vessels. 
e. Mucous membrane. 

3 The lips bound the oral fissure . They meet laterally a t 
the angles of the mouth. The inner surface of each 
lip is supported by a fren ulum which ties it to the 
gum. Philtrum is a median vertical groove on the 
outer surface of the upper lip. 

4 Lymphntics of the central part of the lower lip drain 
to the submental nodes; the lymphatics from the rest 
of the lower lip pass to the submandibular nodes. 
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Fig. 14.1: Interior of the mouth cavity 

Cheeks (Buccae) 
1 The cheeks are fleshy flaps, forming a large part of 

each side of the face. They are continuous in front 
with the lips, and the junction is indicated by the 
nasolabial sulcus (furrow) which extends from the side 
of the nose to the angle of the mouth. 

2 Each cheek is composed of 
a. Skin. 
b. Superficial fascia containing some facial muscles, 

the parotid duct, mucous molar glands, vessels 
and nerves. 

c. The buccinator covered by buccopharyngeal fascia 
and pierced by the parotid duct. 

d. Submucosa, with mucous buccal glands. 
e. Mucous membrane. 

3 The buccal pad of fat is best developed in infants. It 
lies on the buccinator partly deep to the masseter 
and partly in front of it. 

4 The lymphatics of the cheek drain chiefly into the 
submandibular and preauricular nodes, and partly 
also to the buccal and mandibular nodes. 

Oral Cavity Proper 
1 It is bounded anterolaterally by the teeth, the gums 

and the alveolar arches of the jaws. The roof is formed 
by the hard palate and the soft palate. The floor is 
occupied by the tongue posteriorly, and presents the 
sublingual region anteriorly, below the tip of the 
tongue. Posteriorly, the cavity communicates with 
the pharynx through the oropharyngeal isthmus 
(isthmus of fauces) which is bounded superiorly by 
the soft palate, inferiorly by the tongue, and on each 
side by the palatoglossal arches. 

2 The sub lingual region presents the following features: 
a. In the median plane, there is a fold of mucosa 

passing from the inferior aspect of the tongue to 
the floor of the mouth. This is the f renulum of the 
tongue (see Fig. 17.2). 

b. On each side of the frenulum, there is a sublingual 
papilla. On the swnmit of this papilla, there is the 
opening of submandibular duct. 

c. Running la terally and backwards fro m the 
sublingual papilla, there is the sublingual fold which 
overlies the sublingual gland . A few sublingual 
ducts open on the edge of this fold . 

3 Lymphatics from the anterior part of the floor of the 
mouth pass to the submental nodes. Those from the 
hard palate and soft pala te pass to the re tro-
pharyngeal and upper deep cervical nodes. The gums 
and the rest of the floor drain into the submandibular 
nodes. 

Gums (Gingivae) 
1 The gum s are the soft tissues w hich envelop the 

alveolar processes of the upper and lower jaws and 
surround the necks of the teeth. These are composed 
of dense fibro u s tissue covered by st ra tified 
squamous epithelium. 

2 Each gum has two parts: 
a. The free part surrounds the neck of the tooth like 

a collar. 
b. The attached part is firmly fixed to the alveolar arch 

of the jaw. The fibrous tissue of the g um is 
continuous with the periosteum lining the alveoli 
(periodontal membrane). 

3 erve supp ly of gums is shown in Table 14.1. 



Table 14.1: Nerve supply of gums 
Upper gums Nerve supply 
Labial side Posterior, middle and anterior 
(Fig. 14.4) superior alveolar nerves (V2) 
Lingual side Anterior palatine and 
(see Figs 15.16) nasopalatine nerves (from 

pterygopalatine ganglion) 
Lower gums 
Labial side Buccal branch of mandibular and 

incisive branch of mental nerve 
(V3) 

Lingual side Lingual nerve (V3) 

3 Lymphatics of the upper gums pass to the submandi-
bular nodes. The anterior part of the lower gums 
d ra ins in to the submental nodes, whe reas the 
posterior part drains into the submandibular nodes. 

CLINICAL ANATOMY 

Ludwig's angina is the cellulitis of the floor of the mouth. 
The tongue is forced upwards leading to swelling both 
below the chin and within the mouth. The disease is 
usually caused due to a carious molar tooth. 

Teeth 
The teeth form part of the masticatory apparatus and 
are fixed to the jaws. In man, the teeth are replaced only 
once (diphyodont) in contrast with non-mammallian 
vertebrates where teeth are constan tl y replaced 
throughout life (polyphyodont). The teeth of the first set 
(den tition) are known as milk, or deciduous teeth, and 
the second set, as permanent teeth. 

The deciduous teeth are 20 in number. In each half 
of each jaw, there are two incisors, one canine, and two 
molars. 

The permanent teeth are 32 in number, an d consist 
of two incisors {Latin to cut) one canine (Latin dog) two 
premolars (Latin millstone) and three molars in each 
half of each jaw. 

Parts of a Tooth 
Each tooth has three parts: 
1 A crown, projecting above or below the gum. 
2 A root, embedded in the jaw beneath the gum. 
3 A neck, between the crown and root and surrounded 

by the gum (Fig. 14.2). 

Structure 
Structurally, each tooth is composed of: 
1 The pulp in the centre 
2 The dentine surrounding the p ulp. 
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- - - ----Pulp cavity 
(lined by odontoblasts) 

rM~ r---Gum 

Fig. 14.2: Parts of a tooth 

3 The enamel covering the projecting part of dentine, 
or crown. 

4 The cementum surrounding the embedded part of 
the dentine. 

5 The periodontal membrane. 
The pulp is loose fibrous tissue containing vessels, 

nerves and lymphatics, all of which enter the pulp 
cavity through the apical foramen. The pulp is covered 
by a layer of tall columnar cells, known as odontoblasts 
which are capable of replacing dentine any time in life. 

The dentine is a calcified material containing spiral 
tubules radiating from the pulp cavity. Each tubule is 
occupied by a protoplasmic process from one of the 
odontoblasts. The calcium and organic matter are in 
the same proportion as in bone. 

The enamel is th e hardest substance in the body. It is 
made up of crystalline prisms lying roughly a t right 
angles to the su rface of the tooth. 

The cementum resembles bone in structure, but like 
enamel and dentine there is neither any blood supply 
nor any nerve supply. Over the neck, the cementum 
commonly overlaps the cervical end of enamel; or, less 
commonly, it may just meet the enamel. Rarely, it s tops 
short of the enamel (10%) leavin g the cervical dentine 
covered only by gum. 

Th e periodontal membrane (ligament) hold s the root in 
its socket. This membrane acts as a periosteum to both 
the cementum as well as the bony socket. 

Form and Function (Crowns and Roots) 
1 The shape of a tooth is adapted to its function . The 

incisors nre cutting teeth, with chisel-like crowns. The 
upper and lower incisors overlap each other like the 



11!111 HEAD ANO NECK 

blades of a pair of scissors. The canines are holding and 
tearing teeth, with conical and rugged crowns. These 
are better developed in carnivores. Each premolar has 
two cusps and is, therefore, also called a bicuspid 
tooth. The molars are grinding teeth, with square 
crowns, bearing four or five cusps on their crowns. 

2 The incisors, canines and premolars have single 
roots, w ith the exception of the first upper premolar 
which has a bifid root. The upper molars have three 
roots, of which two are lateral and one is medial. 
The lower molars have onJy two roots, an anterior 
and a posterior. 

Eruption of Teeth 
The deciduous teeth begin to erup t at about the sixth 
month, and all get erupted by the end of the second year 
or soon after. The teeth of the lower jaw erupt slightly 
earlier than those of the upper jaw. The approximate 
ages of eruption of deciduous and permanent teeth are 
given in Table 14.2 and Figs 14.3a and b. Blood supply 
of teeth-bo th upper and lower are SL1pplied by 
branches of maxillary artery. 

Nerve Supply of Teeth 
The pulp and periodontal membrane have the same 
nerve supply which is as follows: 

The upper teeth are supplied by the posterior superior 
alveolar, middle superior alveolar, and the anterior 
superior alveolar nerves (maxillary nerve). 

The lower teeth are supplied by the inferior alveolar 
nerve (mandibular nerve) (Fig. 14.4). 

1- --, 
2 ---,1 

Deciduous 

(a) 

87 6 54321 

Figs 14.3a and b: Deciduous and permanent teeth. {1) Central 
incisor, (2) lateral incisor, (3) canine, (4) 1st premolar, (5) 2nd 
premolar, (6) 1st molar, (7) 2nd molar, and (8) 3rd molar 

Table 14.2: Usual time of eruption of teeth and time of 
shedding of deciduous teeth 
Tooth Eruption time Shedding time 
Deciduous (Fig. 14.2a) 
Medial incisor 6-8 months 
Lateral incisor 
First molar 
Canine 
Second molar 

Permanent (Fig. 14.2b) 

8-10 months 
12-16 months 
1 6-20 months 
20- 24 months 

First molar 6-7 years 
Medial incisor 7-8 years 
Lateral incisor 8-9 years 
First premolar 10-11 years 
Second premolar 11- 12 years 
Canine 12-13 years 
Second molar 13-14 years 
Third molar 17- 25 years 

6-7 years 
7-8 years 
8-9 years 
10-12 years 
10- 12 years 

STAGES OF DEVELOPMENT OF DECIDUOUS TEETH 
1 By 6th week of development, the epithelium covering 

the convex border of alveolar process of upper and 
lower jaws become thickened to form C-shaped dental 
lamina, which projects into the underlying mesoderm. 

2 Dental laminae of upper and lower jaws develop 
10 centres of proliferation from which dental buds 
grow into underlying mesenchyme. This is the bud 
stage (Figs 14.Sa and b) 

3 The deeper enlarged parts of the tooth bud is called 
enamel organ. 

4 The enamel organ of dental bud is invaginated by 
mesenchyme of dental papilla making it cap-shaped. 
This is the cap stage (Fig. 14.Sc). 
The dental papilla together with enamel organ is 
known as the tooth germ. The cell of enamel organ 
adjacent to dental papilla cells get columnar and are 
known as ameloblasts. 
The mesenchymal cells now arrange themselves 

along the ameloblasts and are called odontoblasts. The 
two cell layers are separated by a basement membrane. 
The rest of the mesenchymal cells form the "pulp of 
the tooth" . This is the bell stage (Fig. 14.Sd). 

ow ameloblasts lay enamel on the outer aspect, 
while odontoblasts lay dentine on the inner aspect. 
Later arneloblasts disappear while odontoblasts remain. 

The root of the tooth is formed by laying down of 
layers of dentine, narrowing the pulp space to a canal fo r 
the passage of nerve and blood vessels only (Fig. 14.Se). 
The dentine in the root is covered by mesenchymal cells 
which differentiate into cementoblasts for laying down 
the cementum. Outside, this is the periodontal ligament 
connecting root to the socket in the bone. 
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Superior 

~----- Middle alveolar nerves 
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Fig. 14.4: Nerve supply of teeth 

Ectoderm forms enamel of tooth. eural crest cells 
form dentine, dental pulp, cementum and periodontal 
ligament. 

Formation of permanent teeth: These develop from the 
dental buds arising from the dental lamina and lie on 
the medial side of each developing milk tooth. 

CLINICAL ANATOMY 

• Being the hardest and chemically the most stable 
tissues in the body, the teeth are selectively 
preserved after death and may be fossilized. 
Because of this, the teeth are very helpful in 
medicolegal practice for identification of otherwise 
unrecognizable dead bodies. The teeth also 
provide by far the best data to study evolutionary 
changes and the relationship between ontogeny 
and phylogeny. 

• In scurvy (caused by deficiency of vitamin C), the 
gums are swollen and spongy, and bleed on touch. 
In gingivitis, the edges of the gums are red and 
bleed easily. 

• Improper oral hygiene may cause gingivitis and 
suppuration with pocket formation between the 
teeth and gums. This results in a chronic pus 
discharge at the margin of the gums. The condition 
is known as pyorrhoea alveolaris (chronic 
periodontitis). Pyorrhoea is common cause of foul 
breath for which the patient hardly ever consults 
a dentist because the condition is pamless. 

• Decalcification of enamel and dentine with 
consequent softening and gr.adual destruction of 
the tooth is known as dental caries. A caries tooth 
is tender on mastication. 

• Infection of apex of root (apical abscess) occurs 
only when the pulp is dead. The condition can be 
recognized in a good radiograph. 

• Irregular dentition is common in rickets and the 
upper permanent incisors may be notched, the 
notching corresponds to a small segment of a large 
circle. Even in congenital syphilis, the same teeth 
are notched, but the notching corresponds to a 
large segment of a small circle (Hutchinson's teeth). 

• The third molar teeth also called wisdom teeth 
usually erupt between 18 and 20 years. These may 
not erupt normally due to less space and may get 
impacted causing enormous pain. 

• Time of eruption of the teeth helps in assessing 
the age of the person. 

• The upper canine teeth are call.ed as the "eye teeth" 
as these have long roots which reach up to the 
medial angle of the eye. Infection of these roots 
may spread in the facial vein and even lead to 
thrombosis of the cavernous sinus. 

• The upper teeth need separate injections of the 
anaesthetic on both the buccal and palatal surfaces 
of the maxillary process just distal to the tooth. 
The thin layer of bone perrnilts rapid diffusion of 
the drug up to the tooth. 
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Figs 14.5a to e: Development of tooth 

HARD AND SOFT PALATES 

DISSECTION 
Cut through the centre of the frontal bone, internasal 
suture, intermaxillary sutures, chin, hyoid bone, thyroid, 
cricoid and tracheal cartilages; carry the incision through 
the septum of nose, nasopharynx, tongue, and both the 
palates. 

Cut through the centre of the remaining occipital bone 
and cervical vertebrae. This will complete the sagittal 
section of head and neck. 

Hard palate: Strip the mucoperiosteum of hard palate. 
Soft palate: Remove the mucous membrane of the 

soft palate in order to identify its muscles. Also remove 
the mucous membrane over palatoglossal and 
palatopharyngeal arches and salpingopharyngeal fold 
to visualise the subjacent muscles (refer to BOC App). 

HARD PALATE 
lt is a partition between the nasal and oral cavit~es. 
Its anterior two-thirds are formed by the palatine 
processes of the maxillae; and its posterior one-third 
by the horizontal plates of the palatine bones (Fig. 14.6). 



lntermaxillary --~ 
suture 

Palato- - ---=---.,,L~ 
maxillary 

suture 

,,-------v-----... ,----- Incisive foramen 
with openings of 
incisive canals 

- - -:---- Palatine process 
of maxilla 

~ -+----,--!- Horizontal plate 
of palatine bone 

lnterpalatine _.........,.,....,__._.. _ __. 
llllll--=,,,,_- Greater palatine suture 

Pyramidal _ __.,._/ 
process of 

palatine bone crest 

foramen 

Lesser palatine 
foramen 

Fig. 14.6: Hard palate 

The anterolateral margi11s of the palate are continuous 
with the alveolar arches and gums. 

The posterior margin. gives attachment to the soft 
palate. 

The superior surface forms the floor of the nose. 
The inferior surface forms the roof of the oral cavity. 

Vessels and Nerves 
Arteries: Greater palatine branch of maxillary artery (see 
Figs 6.6 and 6.7). 
Veins: Drain into the pterygoid plexus of veins. 
Nerves: Greater palatine and nasopalatine branches of 
the pte rygo pala tine gan glion suspended by the 
maxillary nerve. 
Lymphatics: The lymphatics drain mostly to the upper 
deep cervical nodes and partly to the retropharyngeal 
nodes. 

SOFT PALATE 
It is a movable, muscula r fold, suspended from the 
posterior border of the hard palate. 

It separates the nasopharynx from the oropharynx, 
the crossroads between the food and air passages 
(Fig. 14.7). 
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Fig. 14.7: Soft palate with palatine tonsils 
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The soft palate has two surfaces, anterior and 

posterior; and two borders, superior and inferior. 
The anterior (ornl) surface is concave and is marked 

by a median raphe. 
The posterior surface is convex, and is continuous 

superiorly with the floor of the nasal cavity. 
The superior border is attached to the posterior border 

of the hard palate, blending on each side with the 
pharynx (Figs 14.9a and b). 

The inferior border is free and bounds the pharyngeal 
isthmus. From its middle, there hangs a conical 
projection, called the uvula (Fig. 14.7). From each side 
of the base of the u vu la (Latin small grape) two curved 
folds of mucous membrane extend laterally and down-
wards. The anterior fold is called the palatoglossal arch 
or anterior pillar of fauces. It contains the palatoglossus 
muscle and reaches the side of the tongue at the junction 
of its oral and pharyngeal parts. Th.is fold forms the 
lateral boundary of the oropharyngeal isthmus or 
isthmus o f fauces. The posterior fold is ca lled the 
palatopharyngeal arch or posterior pillar of fauces. It 
contains the palatopharyngeus muscle. It forms the 
posterior boundary of the tonsillar fossa, and merges 
inferiorly with the lateral wall of the pharynx. 

Structure 
The soft palate is a fold of mucous membrane con-
taining the following parts: 
• The palatine aponeurosis which is the fla ttened 

tendon of the tensor veli palatini forms the fibrous 
basis of the palate. Near the median p lane, the 
aponeurosis splits to enclose the musculus uvulae. 

• The levator veli pa latini and the palatopharyngeus 
lie on the superior surface of the palatine aponeurosis. 

• The palatoglossus lies on the inferior or anterior 
surface of the palatine aponeurosis. 

• Numerous mucous glands, and some tas te buds are 
p resent. 

Muscles of the Soft Palate 
They are as fo llows: 
1 Tensor palati (tensor vel i palatini) (Figs 14.8a and b). 
2 Levator palati (levator veli palatini). 
3 Musculus uvulae. 
4 Palatoglossus. 
5 PaJatopharyngeus (Fig. 14.14). 

Details of the muscles are given in Table 14.3. 

Nerve Supply 
1 Motor nerves. All muscles of the soft palate except 

the tensor veli palatini are supplied by the 
pharyngeal plexus. The fibres o f this p lexus are 
derived from the cranial part of the accessory nerve 
through th e vagus. The tensor veli palatini is 
supplied by the mandibular nerve. 
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Figs 14.8a and b: (a) Attachment of the muscles of the soft palate, and (b) muscles of soft palate 
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Superior concha Nasopharyngeal bursa with 
pharyngeal tonsil 

Inferior concha 

Levator veli palatini - ---4~------==~== :e:::::::~-~N 
Hard palate ----t--,r+-. ...--::: 

Palatoglossal arch-----+---- Mf==---- Passavant's ridge 
rr------ - Soft palate (posterior surface) 

'---#=:::_ _ _ __ Palatopharyngeal arch 

'-----:;::.tt-- -:--- - - - Palatine tonsil 

Hyoid bone - --- - - - - - - ----

Thyroid cartilage--- - - ------~_.,.,_ 

Cricoid cartilage --- - - - - ---- - t--t-~-,.. -+t-,,,------- Beginning of oesophagus •----1f"------ Beginning of trachea 

Fig. 14.9a: Sagittal section through the pharynx, the nose, the mouth and the larynx 

2 General sensory nerves are derived from: 
a. The middle and posterior lesser palatine nerves, 

which are branches of the maxillary nerve through 
the pterygopalatine ganglion (see Fig. 15.16). 

b. The glossopharyngeal nerve. 
3 Special sensory or gusta tory nerves carrying taste 

sensations from the oral surface are contained in the 
lesser palatine nerves. The fibres travel through the 
greater petrosal nerve to the geniculate ganglion of 
the facial nerve and from there to the nucleus of the 
tractus solitarius (Flowchart 14.1). 

4 Secretomotor nerves are also contained in the lesser 
palatine nerves. They are derived from the superior 
salivatory nucleus and travel through the greater 
petrosal nerve (Flowchart 14.2). 

Passavant's Ridge 
Some of the upper fibres of the palatopharyngeus pass 
circularly deep to the mucous membrane of the 
pharynx, to form a sphincter internal to the superior 
constrictor. These fibres constitute Passavant's muscle 
which on contraction raises a ridge called the 



Muscle 
1. Tensor veli palatini 

This is a thin, triangular 
muscle (Fig. 14.8) 

2. Levator veli palatini 
This is a cylindrical 
muscle that lies deep to 
the tensor veli palatini 

3 . Musculus uvulae 
This is a longitudinal strip 
placed on each side of 
the median plane, within 
the palatine aponeurosis 

4 . Palatoglossus 

5. Palatopharyngeus 
It consists of two fasciculi 
that are separated by the 
levator veli palatini 
(also see Passavant's 
ridge) 
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Fig. 14.9b: Sagittal section of pharynx 

Origin 
Table 14.3: Muscles of the soft palate 

Insertion 
a. Lateral side of auditory 

tube 
b. Adjoining part of the base 

of the skull (greater wing 
and scaphoid Iossa of 
sphenoid bone) 

a. Inferior aspect of auditory 
tube 

b. Adjoining part of inferior 
surface of petrous 
temporal bone 

a. Posterior nasal spine 
b. Palatine aponeurosis 

Oral surface of palatine 
aponeurosis 

a. Anterior fasciculus from 
posterior border of hard 
palate 

b. Posterior fasciculus: 
from the palatine 
aponeurosis 

Muscle descends, converges to 
form a delicate tendon which winds 
round the pterygoid hamulus, 
passes through the origin of the 
buccinator, and flattens out to form 
the palatine aponeurosis. 
Aponeurosis is attached to: 
a. Posterior border of hard palate 
b. Inferior surface of palate behind 

the palatine crest 
Muscle enters the pharynx by 
passing over the upper concave 
margin of the superior constrictor, 
runs downwards and medially and 
spreads out in the soft palate. It is 
inserted into the upper surface of 
the palatine aponeurosis 
Mucous membrane of uvula 

Descends in the palatoglossal 
arch, to the side of the tongue at 
the junction of its oral and 
pharyngeal parts 

Descends in the palatopharyngeal 
arch and spreads out to form the 
greater part of longitudinal muscle 
coat of pharynx. It is inserted into: 
a. Posterior border of the lamina 

of the thyroid cartilage 
b. Wall of the pharynx and its 

median raphe 

Actions 
a. Tightens the soft palate, 

chiefly the anterior part 
b. Opens the auditory tube 

to equalize air pressure 
between the middle ear 
and the nasopharynx 

a. Elevates soft palate and 
closes the pharyngeal 
isthmus 

b. Opens the auditory tube-
like the tensor veli 
palatini 

Pulls up the uvula 

Pulls up the root of the 
tongue, approximates the 
palatoglossal arches, and 
thus closes the 
oropharyngeal isthmus 
Pulls up the wall of the 
pharynx and shortens, it 
during swallowing 
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Flowchart 14.1: Gustatory nerves 

Taste from soft palate 

Lesser palatine nerve 

Anterior palatine nerve 

Pterygopalatine ganglion (no relay) 

Nerve of pterygoid canal 

Greater petrosal nerve 

Geniculate ganglion (pseudounipolar neuron) 

Nervus intermedius 

Nucleus of tractus solitarius j 

Flowchart 14.2: Secretomotor nerves 

Superior salivatory nucleus 

Nervus intermedius 

Geniculate ganglion 

Greater petrosal nerve 

Deep petrosal nerve 

Nerve of pterygoid canal (Vidian's nerve) 

Pterygopalatine ganglion 

l Relay 
Anterior palatine nerve 

Lesser palatine nerve 

Glands in soft palate ! 
Passavant's rid ge on the posterior wall of the 
nasopharynx. When the soft palate is elevated it comes 
in contact w ith this ridge, the two together closing the 
pharyngeal isthmus between the nasopharynx and the 
oropharynx. 

Morphology of Palatopharyngeus 
1n mammals w ith an acute sense of smell, the epiglottis 
lies above the level of the soft palate, and is supported 
by two vertical muscles (stylopharyngeus and 
sa lpingopharyngeus) and by a sphincter formed by 
palatopharyngeus. The palatopharyngeal sphincter 
clasps the inlet of the larynx. 

ln man, the larynx descends and pulls the sphincter 
downwards leading to the formation of the human 
palatopharyngeus muscle. However, some fibres of the 
sphincter are left behind and form a sphincter inner to 
the superior constrictor at the level of the hard palate. 
These fibres constitu te Passavant's muscle. Passavant's 
muscle is best developed in cases of cleft palate, as this 
compensates to some extent for the deficiency in the 
palate. 

Movements and Functions of the Soft Palate 
The palate controls two gates, upper air way or the 
pharyngeal isthmus and the upper food way or 
oropharyngeal isthmus. The upper air way crosses the 
upper food way (Fig. 14.10). The soft palate can comple-
tely close them, or can regulate their sizes according to 
requirements. Through these movements, the soft 
palate plays an important role in chewing, swallowing, 
speech, coughing, sneezing, etc. A few specific roles 
are given below. 

1 It isolates the mouth from the oropharynx during 
chewing, so that breathing is unaffected. 

2 It separates the oropharynx from the nasopharynx 
by locking Passavant's ridge during the second stage 
of swallowing, so that food does not enter the nose. 

3 By varying the degree of closure of the pharyngeal 
isthmus, the quality of voice can be modified and 
various consonants are correctly pronounced. 

4 During sneezing, the blast of air is appropriately 
divided and directed through the nasal and oral 
cavities w ithout damaging the narrow nose. 
Similarly during coughing, it directs air and sputum 
into the mouth and not into the nose (Fig. 14.10). 

Blood Supply 
Arteries 
1 Greater palatine branch of maxillary artery (see 

Fig. 6.6). 
2 Ascending palatine branch of facial artery. 
3 Pala tine branch of ascending pharyngeal artery 

(Fig. 14.16). 

Veins 
They pass to the pterygoid and tonsillar plexuses of 
veins. 



Choanae 

Body of 
Nose sphenoid 

Basiocciput 

Trachea C6 

A 
Fig. 14.10: Crossing of upper airway and upper food passages 

Lymphatics 
Drain into the upper deep cervical and retropharyngeal 
lymph nodes. 

DEVELOPMENT OF PALATE 
The premaxilla or primjtive palate carrying upper 
four incisor teeth is formed by the fusion of medial 
nasal folds, which are folds of frontonasal process. 

The rest of the palate is formed by the shelf-like 
palatine p rocesses of maxm a and horizontal plates of 
palatine bone. Most of the palate gets ossified to form 
the hard palate. The w1ossified posterior part of fused 
palatal processes forms the soft palate. 

STRUCTURE 
Soft palate comprises epithelium, connective tissue and 
muscles. Epithelium is from the ectoderm of maxillary 
process. The muscles are derived from 1st, 4th and 6th 
branchial arches and accordingly are innervated by 
mandibular and vagoaccessory complex. 

CLINICAL ANATOMY 
• Cleft palate is a congenital defect caused by non-

fusion of the right and left palatal processes. It may 
be of different degrees. In the least severe type, 
the defect is confined to the soft palate. In the most 
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severe cases, the cleft in the palate is continuous 
with harelip (Fig. 14.11). 

• Paralysis of the soft palate in lesions of the vagus 
nerve produces: 
a. asal regurgitation of liquids 
b. asal twang in voice 
c. Flattening of the palatal arch 
d. Deviation of uvula to normal side (Fig. 14.12). 

Median part of lip 

(a) (b) (c) 

Hard palate 

(d) (e) 

Figs 14.11a toe: Types of congenital cleft palate: (a) Bilateral 
complete, (b) unilateral complete cleft palate, (c) partial midline 
cleft, {d) cleft of soft palate, and (e) bifid uvula 

~ ~ ---Depressed 
palatal arch 

r+---- Uvula deviated 
to normal site 

Fig. 14.12: Uvula deviated to right side in paralysis of left 
vagus nerve 
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PHARYNX 

DISSECTION 
Identify the structures in the interior of three parts of 
pharynx, i.e. nasopharynx, oropharynx and laryngo-
pharynx. Clean the surfaces of buccinator muscle and 
adjoining superior constrictor muscles by removing 
connective tissue and buccopharyngeal fascia over these 
muscles. Detach the medial pterygoid muscle from its 
origin and reflect it downwards. This will expose the 
superior constrictor muscle completely (refer to BOC App). 

Introduction 
The pharynx (Latin th roat) is a wide muscular tube, 
situated behind the nose, the mouth and the larynx. 
Clinically, it is a part of the upper respiratory passages 
where infections are common. The upper part of the 
pharyn x transmits only air, the lower part (below 
the inlet of the larynx), only food, but the middle part 
is a common passage for both air and food (Figs 14.9 
and 14.10). 

Dimensions of Pharynx 
Length: About 12 cm. 

Width: 
1 Upper part is widest (3.5 cm) and noncollapsible 
2 Middle part is narrow 
3 The lower end is the narrowest part of the gastro-

intestina I tract (except for the vermiform). 

Boundaries 
Superiorly 
Base of the skull, including the posterior part of the 
body of the sphenoid and the basilar part of the occipital 
bone, in front of the pharyngeal tubercle. 

Inferiorly 
The pharynx is continuous with the oesophagus at the 
level of the sixth cervical vertebra, corresponding to 
the lower border of the cricoid cartilage. 

Posteriorly 
The pharynx glides freely on the p revertebral fascia 
which separates it from the cervical vertebral bodies. 

Anteriorly 
It communicates with the nasal cavity, the oral cavity 
and the larynx. Thus, the anterior wall of the pharynx 
is incomplete. 

Table 14.4: Comparison between nasopharynx, oropharynx and laryngopharynx 
Particulars Nasopharynx Oropharynx Laryngopharynx 
a. Situation Behind nose 
b. Extent Base of skull (body of 

sphenoid) to soft palate 
c. Communications Anteriorly with nose 

(Fig. 14.9) 
Below with oropharynx 

d. Nerve supply Pharyngeal branches of 
pterygopalatine ganglion 

e. Relations: 
i. Anterior Posterior nasal aperture 

ii. Posterior 
and roof 

iii. Lateral wall 

f. Lining epithelium 

g. Function 

Body of sphenoid bone and 
basiocciput and anterior arch 
of atlas. Presence of: 
a. Nasopharyngeal tonsi l 

prominent in children 
b. Nasopharyngeal bursa-

mucus diverticulum 
Opening of auditory tube 
above tube is tubal elevation 
with tubal tonsil 

Ciliated columnar epithelium 

Passage for air 
(respiratory function) 

Behind oral cavity 
Soft palate to upper border of 
epiglottis (Fig. 14.9) 
1. Anteriorly with oral cavity 
2. Above with nasopharynx 
3. Below with laryngopharynx 
IX and X nerves 

Oral cavity 

Body of second and third cervical 
vertebrae 

Tonsillar fossa containing palatine 
tonsils 

Stratified squamous nonkeratinised 
epithelium 
Passage for air and food 

Behind larynx 
Upper border of epiglottis to 
lower border of cricoid cartilage 
Inferiorly with oesophagus 
Anteriorly with larynx (Fig.14.9) 
Above with oropharynx 
IX and X nerves 

1 . Inlet of larynx 
2. Posterior surface of cricoid 

cartilage 
3. Arytenoid cartilage 
Fourth and fifth cervical vertebrae 

Piriform Iossa on each side of 
inlet of larynx, bounded by 
aryepiglottic fold medially and 
thyroid cartilage laterally. 
Stratified squamous nonkerati-
nised epithelium 
Passage for food 



On each side 
1 The pharynx is attached to: 

a. Medial pterygoid plate 
b . Pterygomandibular raphe 
c. Mandible 
d. Tongue 
e. H yoid bone 
f. Thyroid and cricoid cartilages. 

2 It communicates on each side with the middle ear 
cav ity through the auditory tube. 

3 The pharynx is related on either side to: 
a. The styloid process and the muscles attached to it. 
b. The common carotid, internal carotid, and external 

carotid arteries, and the cranial nerves related to 
them . 

Parts of the Pharynx 
The cavity of the pharynx is divided into: 
1 The nasal part- nasopharynx (Fig. 14.9) 
2 The oral part-oropharynx (Table 14.3) 
3 The laryngeal part- laryngopharynx (Fig. 14.18). 

Comparison between nasopharynx, oropharynx and 
laryngopharynx shown in Table 14.4. 

WALDEYER'S LYMPHATIC RING 
In relation to the naso-oropharyngea l isthmus, there 
are several aggrega tion s of lym phoid tissue that 
consti tute Waldeyer's lymphatic ring (Fig. 14.13). The 
most important aggregations are the right a nd left 
palatine tonsils usually referred to simply as the tonsils. 
Posteriorly and above, there is the nasopharyngeal 
tons il; la terally and above, there are the tubal tonsils, 
and inferiorly, there is the lingual tonsil over the 
posterior part of the dorsum of the tongue. 

- ..:,,,,,.,-~-- - Nasopharyngeal 
tonsil 

Tubal tonsil 

H-=+---+- Auditory tube 
opening 

~""'-!I-- ~ lntratonsillar cleft 

Fig. 14.13: Waldeyer's lymphatic ring 
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CLINICAL ANATOMY 

• H ypertrop hy or enla rgement of the naso-
pharyngeal tonsil or adenoids may obstruct the 
posterior nasal aperture and may interfere with 
nasal respiration and speech leading to mouth 
breathing. These tonsils usually regress by puberty. 

• Hypertrophy of the tubal tonsil may occlude the 
auditory or pharyngotympanic tube leading to 
middle ear problems. 

Palatine Tonsil (the Tonsil) 
Features 
The palatine tons il (La tin swelling) occup ies the 
tonsillar sinus or fossa between the palatoglossal and 
palatopharyngeal arches (Figs 14.7, 14.13 and 14.14). It 
can be seen through the mouth. 

The tonsil is almond-shaped. It has two surfaces, 
media l and lateral; two borders, anterior and posterior 
and two poles, upper and lower. 

The medial surface is covered by stratified squamous 
epithelium con tinuous with that of the mouth. This 
surface has 12 to 15 crypts. The largest of these is called 
the intratonsillar cleft (Fig. 14.13). 

The lateral surface is covered by a sheet of fascia w hich 
forms the hem icapsule of the tonsil. The capsule is an 
extension of the pharyngobasilar fascia. It is only loosely 
a ttached to the muscular wall of the pharynx, formed 
here by the superior constrictor and by the styloglossus, 
but anteroinferiorly the capsule is firmly adherent to the 
side of the tongue (suspensory ligament of tonsil) just 
in front of the insertion of the palatoglossus and the 
palatopharyngeus muscle. This firm attachment keeps 
the tonsil in place during swallowing. 

The tonsillar artery enters the tonsil by piercing the 
superior constrictor just behind the firm attachmen t 
(Fig. 14.15). 

The palatine vein or external palatine or paratonsillar 
vein descends from the palate in the loose areolar tissue 
on the lateral surface of the capsule, and crosses the 
tonsil before piercing the wall of the pharynx. The vein 
may be inju red d uring removal of the tonsil o r 
tonsillectomy (Fig. 14.15). 

The bed of the tonsil is formed from within outwards 
by: 

a. The pharyn gobasilar fascia (Fig. 14.14). 
b. The superior constrictor and pala topharyngeus 

muscles. 
c. The buccopharyngeal fascia. 
d. In the lower part, the styloglossus. 
e. The glossopharyngeal nerve. 
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Superior constrictor ---4,1 

Mucous membrane -----=:---
Pharyngobasilar fascia --------+-+--

Palatopharyngeal arch ----,,..-.,.~-

Pharyngobasilar fascia 

Posterior 

Medial + Lalecal 

Anterior 

Fig. 14.14: Horizontal section through the tonsil showing its deep relations 

Superior constrictor -------~ 

Buccopharyngeal fascia ------ - H A?I 

Pharyngeal venous plexus ----------1"1 
fH-~------- ---- Pharyngobasilar 

fascia 
.-----Soft palate 

Medial pterygoid _ ...__ - , LG6:~ ----=::::::::_ ____ Tonsillar fossa and intratonsillar cleft 

Masseter 

Glossopharyngeal nerve _ ___.._ 

111 111--- -+--4-....---------- Paratonsillar vein 

----l~ .+---------Hemicapsule Superior 
of tonsil 

Styloglossus .-,... ______ ___ Suspensory 

Lale,al + Medial 

Inferior 

Facial artery 

Submandibular -~~ +-
salivary gland 

ligament of 
tonsil 

Tongue 

Fig. 14.15: Vertical section through the tonsil, showing its deep relations 

Still more laterally, there are the facial artery with 
its tonsillar and ascending palatine branches. The internal 
carotid artery is 2.5 cm posterolateral to the tonsil. 

The anterior border is related to the palatoglossal arch 
with its muscle (Fig. 14.7). 

The posterior border is related to the palatopharyngeal 
arch with its m uscle. 

The upper pole is related to the soft pala te, and the 
lower pole, to the tongue (Fig. 14.15). 

The plica triangularis is a triangular vestigial fold of 
mucous membrane covering the anteroinferior part of 
the tonsil. The plica semilunaris is a similar semilunar 
fold that may cross the upper part of the tonsillar sinus. 

The intraton.sillar cleft is the largest crypt of the tonsil. 
It is present in its upp er part (Fig. 14.13). It is sometimes 
wrongly named the supratonsillar fossa. The mouth of 
cleft is semilunar in shape and p arallel to dorsum of 

tongue. It represents the internal opening of the second 
ph aryngeal pouch. A peritonsillar abscess or quinsy 
often begins in this cleft. 

Arterial Supply of Tonsil 
1 Main source: Tonsillar branch of facial artery. 
2 Additional sources: 

a. Ascending palatine branch of facial artery. 
b. Dorsal lingu al branches of the lingual artery. 
c. Ascending ph aryn geal branch of the external 

carotid artery. 
d . The greater palatine branch of the maxillary artery 

(Fig. 14.16). 

Venous Drainage 
One or more veins leave the lower part of deep surface 
of the tonsil, pierce the superior constrictor, and join 
the palatine, pharyngeal, or facial veins. 



Superficial --- --• 
temporal 

Greater 
palatine 

-.,...4,---- Palatine 
Ascending 
pharyngeal 

tonsil 

Ascending ---1111~- • 
palatine 

_.. ..... ,.:i::..,P--- ~ Tonsillar --~~~'-'-- J branches 

Lingual-- ---1._. • ..,..... 

External carotid __ ___J.., Dorsal 
linguae 

Fig. 14.16: A rterial supply of the palatine tonsil 

Lymphatic Drainage 
Lymphatics pass to jugulodigastric node (see Fig. 8.28). 
There are no afferent lymphatics to the tonsil. 

Nerve Supply 
Glossopharyngeal and lesser palatine nerves. 

HISTOLOGY 

The palatine tonsil is s ituated at the oropharyngeal 
isthmus. Its oral aspect is covered with stratified 
squamous nonkeratinised epithelium, which dips into 
the underlying tissue to form the crypts. The 
lymphocytes lie on the sides of the crypts in the form 
of nodules. The structure of tonsil is not d iffe rentiated 
into cortex and medulla (Fig. 14.17). 

• Capsule shows stratified squamous non-keratinised 
epithelium on its oral aspect 

• The epithelium forms crypts 
• No differentiation into cortex and medulla 

Fig. 14.17: Histology of palatine tonsil 

Capillary 

Crypt 
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DEVELOPMENT 
The tonsil develops from endoderm of ventral part of 
second pharyngeal pouch. Some part persists as the 
intratonsillar cleft. The lymphocytes are mesodermal 
in origin. 

CLINICAL ANAT 

• The tonsils are large in children. They retrogress 
after puberty. 

• The tonsils are frequently sites of infection, 
specially in children. Infection may spread to 
surrounding tissue forming a p eritonsillar abscess. 

• Enlarged and infec ted tonsils o ften requi re 
surgical removal. The opera tion is called 
tonsillectomy. A knowledge of the relationship of 
the tonsil is of importance to the surgeon. 

• Tonsillectomy is usually done by the guillotine 
method . H aemorrhage after tonsillectomy is 
checked by removal of clot from the raw tons illar 
bed. This is to be compared with the method for 
checkin g postpar tum haemorrhage from the 
uterus. These are the only two organs in the body 
where bleeding is checked by removal of clots. In 
o ther pa rts of the body, clo t for mation is 
encouraged. 

• Tonsillitis may cause referred pain in the ear as 
glossopharyngeal nerve supplies both these areas. 

• Suppuration in the peritonsillar area is called 
quinsy. A peritonsillar abscess is drained by 
making an incision in the most prominent point 
of the abscess. 

• Tonsils are often sites of a septii: focus. Such a focus 
can lead to serious disease like pulmonary tuber-
culosis, menin gitis, etc. and is often the cause of 
general ill health. 

Laryngeal Part of Pharynx (Laryrigopharynx) 
This is the lower part of the pha rynx situated behind 
the larynx. It extends from the u pper bord er of the 
epiglottis to the lower border of the cricoid cartilage. 

The anterior wall presents: 
a . The inlet of the la rynx. 
b. The posterior surfaces of the c:ricoid and arytenoid 

cartilages. 
The posterior wall is supported mainly by the fourth 

and fi fth cervical vertebrae, and partly by the third and 
sixth vertebrae. In this region, the posterior wall of the 
pharynx is formed by the superior, middle and in ferior 
constrictors of the pharynx. 
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I Choanae with nasal conchae 
Nasopharynx L Tubal elevation -+- ...._,...i'----

Opening of auditory tube 

Epiglottis -1---~ -
Aryepiglollic fold -4-- --t:~ 

Fig. 14.18: The three regions of the pharynx 

The Intern/ wall presents a depression ca lled the 
piriform Jossa, one on each side of the inlet of the larynx 
(Fig. 14.18). The fossa is bounded medially by the 
aryepiglottic fold, and laterally by the thyroid cartilage 
and the thyrohyoid membrane. Beneath the mucosa of 
fossa, there lies the internal laryngeal nerve. Removal 
of foreign bodies from the piriform fossa may damage 
the internal laryngeal nerve, leading to anaesthesia in 
the supraglottic part of the larynx (Fig. 14.19). 

Structure ot Pharynx 
The wall of the pharynx is composed of the following 
five layers (Fig. 14.20) from within outwards. 
1 Mucosa 
2 S11bmucosa 

Internal laryngeal 
nerve pierces 

thyrohyoid 
membrane d ==.===!::=!==:.~ 

and runs through 
piriform fossa 

to reach larynx 

Aryepiglottic --+---+--
fold 

Thyroid--.... 
cartilage 

Hyoid 

Thyrohyoid 
membrane 

•--~ - Piriform 
fossa 

- l_,__ __ Cricoid 
. (lamina) 

Fig. 14.19: Posterior view of the piriform fossa after removal of 
the tongue: Internal laryngeal nerve is shown only on left side 

Base of skull 

Superior - --11---H 
constrictor (4) 

Pharyngotympanic 
tube/auditory tube 

Pharyngobasilar 
fascia (3) 

1+1-- - Submucosa (2) 

Buccopharyngeal -----11:_ Ml-!IB---- Middle constrictor (4) 
fascia (5) 

Inferior--- ~ 
constrictor ( 4) 

Venous plexus --~ 

Fig. 14.20: Structure of the pharynx 

3 Pharyngobasilar fascia or pharyngeal aponeurosis. 
This is a fibrous sheet internal to the pharyngeal 
muscles. It is thickest in the upper part where it fills 
the gap between the upper border of the superior 
constrictor and the base of the skull, and also 
posteriorly where it forms pharyngeal ra phe. 
Superiorly, the fascia is attached to basiocciput, the 
petrous temporal bone, the auditory tube, posterior 
border of the medial pterygoid plate, and pterygo-
mandibu lar rap he. Inferiorly, it is gradually lost deep 
to muscles, and hardly extend beyond the superior 
constrictor. 

4 The muscular coat consists of an outer circular layer 
made up of the three constrictors (superior, middle and 



inferior) and an inner longitudinal layer made up of 
the stylopharyngeus, the salpingopharyngeus and the 
pa la topharyngeus muscles. These muscles are 
described later. 

5 The b11ccopharyngea/ fascia covers the outer surface 
of the constrictors of the pharynx and extends 
forwards across the pterygomandibular raphe to 
cover the buccinator. Like the pharyngobasilar fascia, 
the buccopharyngeal fascia is best developed in the 
upper part of the pharynx. 
Between the buccopharyngea l fascia, and the 

muscular coat there are the pharyngeal plexuses of 
veins and nerves (Fig. 14.20). 

Muscles of the Pharynx (refer to BOC App) 
Preliminary Remarks about the 
Constrictors of the Pharynx 
The muscular basis of the wall of the pharynx is formed 
mainly by the three pairs of cons trictors-superior, 
middle and inferior. The origins of the constrictors are 
situated anteriorly in relation to the posterior openings 
of the nose, the mouth and the larynx. From here their 
fibres pass into the lateral and posterior walls of the 
pharynx, the fibres of the two sides meeting in the mjd 
line in a fibrous raphe. 
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The three constrictors are so arranged that the 
inferior overlaps middle which in turn overlaps the 
superior. The fibres of the superior constrictor reach 
the base of skull posteriorly, in the middle line. On the 
sides, however, there is a gap between the base of the 
skull and the upper edge of the superior constrictor. 
Thls gap is closed by the pharyngobasilar fascia which 
is thlckened in this situation (Fig. 14.21). The lower edge 
of the inferior constrictor becomes continuous with the 
circular muscle of the oesophagus. These muscles 
develop from IV and VI pharyngeal arch (see Table A.5 
in Appendix). 

Origin of Constrictors 
1 The superior constrictor takes origin (Fig. 14.21) from 

the following (from above downwards): 
a. Pterygoid hamulus (pterygopharyngeus). 
b. Pterygomandibular raphe (buccopharyngeus). 
c. Medial surface of the mandible at the posterior end 

of the mylohyoid line, i.e. near the lower attach-
ment of the pterygomandibular raphe (see Fig. 1.25) 
(mylopharyngeus). 

d. Side of posterior part of tongue (glossopharyngeus). 
2 The middle constrictor takes origin from: 

a. The lower part of the stylohyoid ligament 

~--------Pterygoid hamulus (a) 

----------- Pterygomandlbular raphe (b) 

Thyropharyngeal part of 
inferior constrictor 

Cricopharyngeal part of --- -
inferior constrictor 

Tongue (d) 

~ ....,,,...~ ___ ..., _____ _ 
- Part of mandible (c) 

--------Stylohyoid ligament 

,...:,,,~- - -- Hyoid bone 

Fig. 14.21: Origin of the constrictors of the pharynx 
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b. Lesser cornua of hyoid bone 
c. Upper border of the greater cornua of the hyoid 

bone (see Fig. 1.47). 
3 The inferior constrictor consists of two parts. One part 

the thyropharyngeus arises from the thyroid cartilage. 
The other part the cricophan;ngeus arises from the 
cricoid cartilage. 
The thyroph aryngeus arises from: 
a. The oblique line on the lamina of thyroid cartilage, 

including the inferior tubercle (Fig. 14.21). 
b. A tendi.nous band that crosses the cricothyroid 

muscle and is attached above to the inferior 
tubercle of the thyroid cartilage. 

c. The inferior comua of the thyroid cartilage. 
The cricopharyngeus arises from the cricoid carti-

lage behind the origin of the cricothyroid muscle. 

Insertion of Constrictors 
Ali the constrictors of the pharynx are inserted into a 
median raphe on the posterior wall of the pharynx. The 
upper end of the raphe reaches the base of the skull 
where it is attached to the pharyngeal tubercle on the 
basilar part of the occipital bone (Fig. 14.22). 

Longitudinal Muscle Coat 
The pharynx has three muscles that run longitudinally. 
The styloplwryngeus arises from the styloid process. It 
passes through the gap between the superior and 
middle constrictors to run downwards on the inner 
surface of the middle and inferior cons trictors. The 
fibres of the palatopharyngeus descend from the sides of 
the palate and run longitudinally on the inner aspect 
of the constrictors (Fig. 14.23). The salpingophan;ngeus 
descends from the auditory tube to merge with paJato-
pharyngeus. 

Superior ---'i __ ..._, 

constrictor 

Middle ----' 
constrictor 

-.11.~-- Stylo-
pharyngeus 
muscle 

~ ,....,...~-- Pharyngeal 
Thyro---- --IF,.,;,~Y raphe 

pharyngeus 
part of inferior 

constrictor 

Oesophagus-----

~ -..,,:---Killian's 
dehiscence 

....__ __ Cricopharyngeus 
pa rt of inferior 
constrictor 

Fig. 14.22: Insertion of the constrictors of pharynx 

Hyoid 

Epiglottis ----

Thyroid cartilage 

Styloid 
process 

Constrictors -----------'---.J..-' 
of pharynx 

Fig. 14.23: Longitudinal muscles of pharynx: ( 1) Stylopharyngeus, 
(2) salpingopharyngeus, and (3) palatopharyngeus 

STRUCTURES IN BETWEEN 
PHARYNGEAL MUSCLES 

DISSECTION 
Define the attachments of middle and inferior 
constrictors of pharynx, and the structures situated 
traversing through the gaps between the three 
constrictor muscles. Identify structures above the 
superior constrictor muscle and below the inferior 
constrictor muscle. 

Cut through the tensor veli palatini and reflect it 
downwards. Remove the fascia and identify the 
mandibular nerve again with otic ganglion medial to it. 
Identify the branches of the mandibular nerve. Locate 
the middle meningeal artery at the foramen spinosum, 
as it lies just posterior to mandibular nerve. 

Features 
1 The large gap between the upper concave border of the 

superior constrictor and the base of the skull is semi lunar 
and is known as the sinus of Morgagni. It is closed by 
the upper strong part of the pharyngobasilar fascia 
(Fig. 14.24). 
The structures passing through this gap are: 
a. The audjtory tube . 
b. The levator veli palatini muscle. 
c. The ascending palatine artery (Fig. 14.24). 
d. Palatine branch of ascending pharyngeal artery. 



.,,----------Midline 

1----- Auditory tube 

~-----Levator veli palatini 

-+--- - Styloid process 
Ascending palatine artery 

1F'7"i,'----- Stylopharyngeus 

,£----- Glossopharyngeal nerve 

Superior constrictor 

~------ Internal laryngeal nerve 

----=~------- Superior laryngeal artery 
and vein 

Recurrent laryngeal nerve 

HMf----->---------- Inferior laryngeal vein 
and artery 

Fig. 14.24: Schematic coronal section through the pharynx, 
showing the gaps between pharyngeal muscles and the 
structures related to them 

2 The structures passing through the gap between the 
superior and middle constrictors are: The stylopharyn-
geus muscle and the glossopharyngeal nerve. 

3 The internal laryngeal nerve and the superior 
laryngeal vessels pierce the thyrohyoid membrane 
in the gap between the middle and inferior constrictors. 

4 The recurrent laryngeal nerve and the inferior laryn-
geal vessels pass through the gap between the lower 
border of the inferior constrictor and the oesophagus. 

Killian's Dehiscence 
In the posterior wall of the pharynx, the lower part of 
the thyropharyngeus is a single sheet of muscle, not 
overlapped internally by the superior and middle 
constrictors. This weak part lies below the level of the 
vocal folds or upper border of the cricoid lamina and is 
limited inferiorly by the thick cricopharyngeal sphinc-
ter. This area is known as Killian's dehiscence. Pharyngeal 
diverticula are formed by outpouching of the dehi-
scence (Figs 14.25a and b). Such diverticula are normal 
in the pig. Pharyngeal diverticula are often attributed 
to neuromuscular incoordination in this region which 
may be due to the fact that different nerves supply the 
two parts of the inferior constrictor (Fig. 14.21). The pro-
pulsive thyropharyngeus is supplied by the pharyngeal 
plexus, and sphincteric cricopharyngeus, by the 

Hyoid 

Thyro-
pharyngeus 

Pharyngeal 
diverticulum 

(a) 
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Pharyngeal diverticulum 
after barium swallow 

(b) . 

Figs 14.25a and b: (a) Pharyngeal diverticulum, and 
(b) pharyngeal diverticulum after barium swallow 

recurrent laryngeal nerve. If the cricopharyngeus fails 
to relax when the thyropharyngeus contracts, the bolus 
of food is pushed backwards, and tends to produce a 
diverticulum. 

Nerve Supply 
The pharynx is supplied by the pharyngeal plexus of 
nerves which lies chiefly on the middle constrictor. The 
plexus is formed by: 

1 The pharyngeal branch of the vagus carrying fibres 
of the cranial accessory nerve. 

2 The pharyngeal branches of the glossopharyngeal 
nerve. 

3 The pharyngeal branches of the superior cervical 
sympathetic ganglion. 
Motor fibres are derived from the cranial accessory 

nerve through the branches of the vagus. They supply 
all muscles of pharynx, except the stylopharyngeus 
which is supplied by the glossopharyngeal nerve. 

The inferior constrictor receives an additional supply 
from the external and recurrent laryngeal nerves. 

Sensory fibres or general viscera l afferent from 
the pharynx travel mostly through the glosso-
pharyngeal nerve, and partly through the vagus. 
However, the nasopharynx is supplied by the maxillary 
nerve through the pterygopalatine ganglion; and the 
soft palate and tonsil, by the lesser palatine and 
glossopharyngeal nerves. 

Taste sensations from the vallecula and epiglottic 
area pass through the internal laryngeal branch of the 
vagus. 

The parasympathetic secretomotor fibres to the 
pharynx are derived from the lesser palatine branches 
of the pterygopalatine ganglion (see Fig. 15.15) 
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Blood Supply 
The arteries supplying the pharynx are almost the same 
as those supplying the tonsil. These are as follows: 
1 Ascending pharyngeal branch of the external carotid 

artery. 
2 Ascending palatine and tonsillar branches of the 

facial artery. 
3 Dorsal lingual branches of the lingual artery. 
4 The greater palatine, pharyn geal and pterygoid 

branches of the maxillary artery. 
The veins form a plexus on the posterolateral aspect 

of the pharynx. The plexus receives blood from the 
pharynx, the soft palate and the prevertebral region. It 
drains into the internal jugular and facial veins. 

Lymphatic Drainage 
Lymph from the pharynx drains into the retro-
pharyngeal and deep cervical lymph nodes. 

CLINICAL ANATOMY 

• Difficulty in swallowing is known as dysphagia. 
• Pharyngeal diverticulum: Read Killian's dehiscence 

(Fig. 14.25a). 

Deglutition (Swallowing) 
Swallowing of food occurs in three stages described 
below. Muscles of pharynx act during swallowing. 

First Stage 
1 This stage is voluntary in character. 
2 The anterior part of the tongue is raised and pressed 

against the hard palate by the intrinsic muscles of 
the tongue, especially the superior longitudinal and 
transverse muscles. The movement takes place from 
anterior to the posterior side. This pushes the food 
bolus (Greek lump) into the posterior part of the oral 
cavity. 

3 The soft pala te closes down on to the back of the 
tongue, and helps to form the bolus. 

4 Next, the h yoid bone is moved upwards and 
forwards by the suprahyoid muscles. The posterior 
part of the tongue is eleva ted upwards a nd 
backwards by the styloglossi; and the pa1atoglossal 
ardles are approximated by the palatoglossi. This 
pushes the bolus through the oropharyngeal isthmus 
to the oropharynx, and the second stage begins. 

Second Stage 
1 It is involuntary in character. During this stage, the 

food is pushed from the oropharynx to the lower part 
of the laryngopharynx. 

2 The nasopharyngeal isthmus is closed by elevation 
of the soft palate by levator veli palatini and tensor 

veli palatini and by approximation to it of the 
posterior pharyngeal wall (ridge of Passavant). This 
prevents the food bolus from entering the nose. 

3 The inle t of larynx is closed by approximation of the 
aryepiglottic folds by aryepiglottic and oblique 
arytenoid. This prevents the food bolus from entering 
the larynx (see Fig. 16.10). 

4 Next, the larynx and pharynx are elevated behind 
the hyoid bone by the longitudinal muscles of the 
pharynx, and the bolus is pushed down over the 
posterior surface of the epiglottis, the closed inle t of 
the larynx and the posterior surface of the arytenoid 
cartilages, by gravity, and by contraction of the 
superior and middle cons trictors and of the 
palatopharyngeus. 

Third Stage 
1 This is also involuntary in character. In this stage, 

food passes from the lower part of the pharynx to 
the oesophagus. 

2 This is brought about by the inferior constrictors of 
the pharynx. 

DEVELOPMENT 
The primitive gut extends from the buccopharyngeal 
membrane cranially, to the cloaca! membrane caudally. 
It is divided into four parts-the pharynx, the foregut, 
the midgut and the hindgut. The pharynx extends 
from buccopharyngeal membrane to the tracheo-
bronchial diverticulum. It is divided into upper part, 
the nasopharynx; middle part, the oropharynx; and 
the lower part, the laryngopharynx. 

AUDITORY TUBE 

Auditory tube is also known as the pharyngotympanic 
tube or the eustachian tube. 

The auditory tube is a trumpet-shaped channel 
which connects the middle ear cavity with the 
nasopharynx. It is about 4 cm long, and is directed 
downwards, forwards and medially. It forms an angle 
of 45 degrees with the sagittal plane and 30 degrees 
with the horizontal plane. The tube is divided into bony 
and cartilaginous parts (Fig. 14.26). 

BONY PART 
The bony part forms the posterior and lateral one-third 
of the tube. It is 12 mm long, and lies in the petrous 
temporal bone near the tympanic plate. Its lateral end 
is wide and opens on the anterior wall of the middle ear 
cavity. The medial end is narrow (isthmus) and is jagged 
for attadlment of the cartilaginous part. The lumen of 
the tube is oblong being widest from side to side. 
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.--------- Canal for tensor tympani 

,---- --Middle ear 

------- Bony part of auditory tube 
(12 mm) 

------- Isthmus 

------- Cartilaginous part of auditory tube 
(25 mm) 

- -------- Tensor veli palatini 

111--- ----------- Superior constrictor 

Fig. 14.26: Scheme showing anatomy of auditory tube 

Relations 
l S11perior: Canal for the tensor tympani (see Fig. 18.13}. 
2 Medial: Carotid canal. 
3 lAteral: Chorda tympani, spine of sphenoid, auriculo-

temporal nerve (Fig. 14.8) and the temporomandi-
bular joint. 

CARTILAGINOUS PART 
The cartilaginous part forms the anterior and medial 
two-thirds of the tube. It is 25 mm long, and lies in the 
sulcus tubae, a groove between the greater wing of the 
sphenoid and the apex of the petrous temporal. 

It is made up of a triangular plate of cartilage which 
is curled to form the superior and medial walls of the 
tube. The lateral wall and floor are completed by a 
fibrous membrane. The apex of the plate is attached 
to the medial end of the bony part. The base is free 
and forms the tubal elevation in the nasopharynx 
(Fig. 14.9). 

Relations 
1 Anterolaterally: Tensor veli palatini, mandibular 

nerve and its branches, otic gan g lion, chorda 
tympani, middle meningeal artery and medial 
pterygoid plate (see Fig. 6.17). 

2 Posteromedinlly: Petrous temporal and levator veli 
palatini. 

3 The levator veli palatini is a ttached to its inferior 
surface, and the salpingopharyngeus to lower part 
near the pharyngeal opening. 

Vascular Supply 
The arterial supply of the tube is derived from the 
ascending pharyngeal and middle meningeal arteries 
and the artery of the pterygoid canal. 

The veins drain into the pharyngeal and pterygoid 
plexuses of veins. Lymphatics pass to the retro-
pharyngeal nodes. 

Nerve Supply 
1 At the ostium, by the pharyngeal branch of the pterygo-

pala tine ganglion suspended by the maxillary nerve. 
2 Cartilaginous part, by the nervus spinosus branch 

of mandibular nerve. 
3 Bony part, by the tympanic plexus formed by glosso-

pharyngeal nerve. 

Function 
The tube provides a communication of the middle ear 
cavity with the exterior, thus ensuring equal air 
pressure on both sides of the tympanic membrane. 

The tube is usually closed. It opens during 
swallowing, yawning and sneezing, by the actions of 
the tensor and levator veli palatini muscles. 

CLINICAL ANATOMY 

• Infections may pass from the throat to the middle 
ear through the auditory tube. This is more 
common in children because the tube is shorter, 
wider and straighter in them (Fig. 14.27). 
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• Inflammation of the auditory tube (eustachian 
catarrh) is often secondary to an attack of common 
cold, or of sore throat. This causes pain in the ear 
which is aggravated by swallowing, due to 
blockage of the tube. Pain is relieved by instillation 
of decongestant drops in the nose, which help to 
open the ostiurn. The ostiurn is commonly blocked 
in children by enlargement of the tubal tonsil. 

• Pharyngeal spaces (see Chapter 3). 

Eustachian tube 

Adult 

Middle 
ear cavity 

Child 

Middle 
ear 

cavity 

Eustachian tube 

Fig. 14.27: Differences in eustachian tube in adult and child 

Mnemonics 
Tonsils: The four types PLT (people) have 
tonsils" 

Pharyngeal 
Palatine 
Lingual 
Tubal 

- FACTS TO REMEMBER -~~--~- - 1 
• Both the maxillary and mandibular teeth are 

supplied by the branches of maxillary artery only. 
• Upper teeth are supplied by branches of maxillary 

nerve. 
• Lower teeth are supplied by branches of mandi-

bular nerve. 
• Waldeyer's ring consists of lingual tonsil, palatine 

tonsils, tubal tonsils and nasopharyngeal tonsils. 

• All the 3 constrictors and 2 longitudinal muscles 
of pharynx are supplied by vagoaccessory 
complex, only stylopharyngeus is supplied by IX 
nerve. 

• All the muscles of soft palate are supplied by 
vagoaccessory complex except tensor veli palatini, 
supplied by V3 nerve. 

• T onsillar branch of facial is the main artery of the 
palatine tonsil. 

• Tonsils have only efferent lymph vessels but no 
afferent lymph vessel. 

• Killian's dehiscence is a potential gap between 
thyropharyngeus and cricopharyngeus. 

CLINICOANATOMICAL PROBLEM 

A 12-year-old boy complained of sore throat and ear 
ache. He had 102°F temperature and difficulty in 
swallowing. He was also a mouth breather. 
• What is Waldeyer's lymphatic ring? 
• Explain the basis of boy's earache. 
• What lymph node would likely to be swollen and 

tender? 
Ans: Major collections of lymphoid tissue at the 
oropharyngeal junction are called the tonsils . 
These lie in a ring form called the Waldeyer's 
lymphatic ring. The components of this ring are 
lingual tonsil anteriorly, palatine tonsil laterally, 
tubal tonsil posterolaterally and pharyngeal tonsil 
posteriorly. 

The earache may be due to infection of the throat 
reaching the middle ear. The pharyngotympanic tube 
from the region of nasopharynx communicates with 
the anterior wall of the middle ear cavity carrying the 
infection from pharynx to the ear causing the ear ache 
IX nerve supplies both the pharynx and the middle 
ear. So the pain of pharynx is referred to the ear. 

The jugulodigastric lymph node belonging to 
upper group of deep cervical group is most likely to 
be tender and swollen, as the lymphatics from the 
tonsil, penetrate the wall of the pharynx to reach 
these lymph nodes. 

FREQUENTLY ASKED QUESTIONS 

1. Describe the nerve supply and actions of the 
muscles of soft palate. Add a note on its develop-
ment including congenital anomalies. 

2. Enumera te the components of Waldeyer's ring. 
Describe the palatine tonsil in detail. Add a note 
on its clinical importance. 

3. Describe the attachments of the constrictor muscles 
of pharynx. Enumerate the structures lying in 
between these constrictor muscles. 

4. Enumerate the length, parts, extent, relations and 
functions of auditory tube 
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MULTIPLE CHOICE QUESTIONS 

1. The communication between vestibule and oral 
cavity proper lies: 
a. Behind 1st molar tooth 
b. Behind 2nd molar tooth 
c. Behind 3rd molar tooth 
d. No communication 

2. The joint between tooth and gum is: 
a. Syndesmosis 
b. Gomphosis 
c. Sutures 
d. Primary cartilaginous joint 

3. The first permanent tooth to erupt is: 
a. First molar 
b. First premolar 
c. Second molar 
d. Canine 

4. Most of muscles of soft palate are supplied by 
vagoaccessory complex except: 
a. Levator veli palatini 
b. Tensor veli palatini 
c. Palatoglossus 
d. Musculus uvulae 

5. Which one of the following is not a component of 
W aldeyer' s ring? 
a. Tubal tonsil 
b. Pharyngeal tonsil 
c. Palatine tonsil 
d. Submental lymph nodes 

6. Which of the following structures does not form 
bed of the tonsil? 
a. Superior constrictor 
b. Pharyngobasilar fascia 
c. Buccinator muscle 
d. Buccopharyngeal fascia 

7. Which one of the following muscles of pharynx is 
not supplied by vagoaccesso1ry complex? 
a. Superior constrictor 
b. Stylopharyngeus 
c. Palatopharyngeus 
d. Salpingopharyngeus 

8. Which walls of cartilaginous part of auditory tube 
are formed by fibrous memb1rane? 
a. Lateral wall and floor 
b. Medial wall and floor 
c. Superior wall and medial wall 
d. Superior wall and floor 

9. Paralysis of unilateral soft palate results in following 
effects except: 
a. Depressed palatal arch 
b. Uvula deviated to paralysed side 
c. asal twang of voice 
d. Nasal regurgitation of liqujds 

10. Tonsillitis pain is referred to pain in ear as both are 
supplied by: 
a. Auricular branch of vagus 
b. Glossopharyngeal nerve 
c. Sympathetic fibres 
d. Cranial root of XI nerve 

ANSWERS 
1.c 2. b 3.a 4. b 5.d 6. c 7.b 8. a 9. b 10. b 
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Nose and Paranasal Sinuses 
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- E Y Harburg 

INTRODUCTION 
Sense of smell perceived in the upper part of nasal 
cavity by olfactory nerve rootlets ends in olfactory bulb, 
which is connected to uncus and also to the dorsal 
nucleus of vagus in medulla oblongata. Good smell of 
food, thus stimulates secretion of gastric juice through 
vagus nerve. 

Most of the mucous membrane of the nasal cavity is 
respiratory and is continuous with various paranasal 
sinuses. Since nose is the most projecting part of the 
face, its integrity must be maintained. 

Env ironmental p ollution causes inhalation of 
unwanted gases and particles, leading to frequent attacks 
of sinusitis, respiratory diseases including asthma. 

Nasal mucous membrane is quite vascular. 
Sometimes picking of the nose may cause bleeding from 
"Little's area". Bleeding from nose is called epistaxis. 

NOSE 

The nose performs two functions. It is a respiratory 
passage. It is also the organ of smell. The receptors for 
smell are placed in the upper one-third of the nasal 
cavity. This part is lined by olfactory mucosa. The rest 
of the nasal cavity is lined by respiratory mucosa. The 
respiratory mucosa .is highly vascular and warms the 
inspired afr. 

The secretions of numerous serous glands make the 
air moist; while the secretions of mucous glands trap 
dust and other particles. Thus the nose acts as an air 
conditioner where the inspired a ir is warmed, 
moistened and cleansed before it is passed on to the 
delicate lungs. 

The olfactory mucosa lines the upper one-third of the 
nasal cavity including the roof formed by cribriform 
plate and the medial and lateral walls up to the level of 
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the superior concha. lt is thin and less vascular than 
the respiratory mucosa . It contains receptors called 
olfactory cells. 

For descriptive purposes, the nose is divided into 
two main parts, the external nose and nasal cavity. 

EXTERNAL NOSE 
Some features of the external nose have been described 
in Chapter 2, see page 59. These are root, dorsum, tip, 
anterior nares, nasal septum and columella. 

The external nose has a skeletal framework that is 
partly bony and partly cartilaginous. The bones are the 
nasal bones, which fo rm the bridge of the nose, and 
the frontal processes of the maxillae. The cartilages are 
the superior and inferior nasal ca rtilages, the septa! 
cartilage, and small alar cartilages (Figs 15.la and b). 
The skin over the external nose is supplied by the 
external nasal, infratrochlear and infraorbital nerves 
(see Fig. 2.16). 

NASAL CAVITY 
The nasa l cavity extends from the external nares or 
nos trils to the posterior nasal ape rtures, and is 
subdivided into right and left halves by the nasal 
septum (Figs 15.2 and 15.4). Eachhalfhas a roof, a floor, 
and medial and lateral walls. Each half measures about 
5 cm in height, 5-7 cm in length, and 1.5 cm in width 
near the floor. The width near the roof is only 1- 2 mm. 

The roof is about 7 cm long and 2 mm wide. It slopes 
downwards, both in front and behind. The middle 
horizontal part is formed by the cribriform plate of the 
ethmoid. The anterior slope is formed by the nasal part 
of the frontal bone, nasal bone, and the nasal cartilages. 
The posterior slope is formed by the inferior surface of 
the body of the sphenoid bone (Fig. 15.5). 

The floor is about 5 cm long and 1.5 cm wide. It is 
formed by the palatine process of the maxilla and the 
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Figs 15.1a and b: (a) Skeleton of the external nose, and (b) anterior view 
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Fig. 15.2: Coronal section through the nasal cavity and the maxillary air sinuses 

horizontal plate of the palatine bone. It is concave from 
side to side and is slightly higher ante ri o rly than 
posteriorly (Fig. 15.2). 

CLINICAL ANATOMY 

• Common cold or rhinitis is the commonest infection 
of the nose. It may be infective or allergic or both. 
It commonly occurs during change of the seasons. 

• The paranasal aiI sinuses may get infected from 
the nose. Maxillary sinusitis is the commonest of 
such infections. 

• The relations of the nose to the anterior cranial 
fossa through the cribriform pla te (Fig. 15.5), 
and to the lacrim al ap par a tus through the 
nasolacrimal duct are important in the spread of 
infection (see Fig. 2.22a). 

• Fracture of cribriform plate of e thmoid with tearing 
off of the meninges may tear the olfactory nerve 
rootlets. In such cases, CSF may drip from the nasal 
cavity. It is called CSP rhinorrhoea (Fig. 15.3). 

/ 

Fig. 15.3: CSF rhinorrhoea 
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NASAL SEPTUM 

DISSECTION 
Take the sagittal section of head and neck, prepared in 
Chapter 14. 

Dissect and remove mucous membrane of the 
septum of nose in small pieces. The mucous membrane 
is covering both surfaces of the septum of the nose. 

Dissect and preserve the nerves lying in the mucous 
membrane. Remove the entire mucous membrane to 
see the details in the interior of the nasal cavity (refer 
to BOC App). 

Features 
The nasnl septum is a median osseocartilaginous parti-
tion between the two halves of the nasal cavity. On each 
side, it is covered by mucous membrane and forms the 
medial wall of both nasal cavities. 

The bony part is formed almost entirely by: 
a. The vomer 
b. The perpendicular plate of ethmoid. However, its 

margins receive contributions from the nasal spine 
of the frontal bone, the rostrum of the sphenoid, 
and the nasal crests of the nasal, palatine and 
maxillary bones (Fig. 15.4). 

The cartilaginous part is formed by: 
a. The septal cartilage 
b. The septa! processes of the inferior nasal cartilages 

(Fig. IS.lb). 
The cuticular part or lower end is formed by fibrofatty 

tissue covered by skin. The lower margin of the septum 
is called the columella. 

The nasal septum is rarely strictly median. Its central 
part is usually deflected to one or the other side. The 
deflection is produced by overgrowth of one or more 
of the constituent parts. 

The septum has: 
a. Four borders-superior, inferior, anterior and 

posterior. 
b. Two surfaces- right and left. 

Cnbriforrn plate of ethmoid 

Body of 
sphenoid 

Posterior 
border 

Verner 

Nasal spine of 
frontal bone 
Nasal crest of 
nasal bone 

Anterior border 
Septal cartilage 

Septal process 
of inferior nasal 
cartilage 

Columella 
Hard palate 

Fig. 15.4: Formation of the nasal septum 

Arterial Supply 
Anterosuperior pnrt is supplied by the anterior and 
posterior ethmoidal arteries (Fig. 15.5). 

Anteroinferior part is supplied by the superior labial 
branch of facial artery. 

Posterosuperior part is supplied by the sphenopalatine 
artery. It is the main artery. 

Posteroinferior part is supplied by few branches of 
greater palatine artery. 

The anteroinferior part or vestibule of the septum 
contains anastomoses between all branches, e.g. the 
septa! ramus of the superior labial branch of the facial 
artery, sphenopalatine artery, greater palatine and 
anterior ethmoidal artery. These form a large capillary 
network called the Kiesselbach' s plexus. This is a common 
site of bleeding from the nose or epistaxis, and is known 
as Little's area. 

Venous Drainage 
The veins form a plexus which is more marked in the 
lower part of septum or Little's area. The plexus drains 
anteriorly into the facial vein, and posteriorly through 
the sphenopalatine vein to pterygoid venous plexus. 

Nerve Supply 
1 General sensory nerves, arising from trigemjnal nerve, 

are distributed to whole of the septum (Fig. 15.6). 
a. The anterosuperior part of the septum is supplied 

by the internal nasal branches of the anterior 
ethmoidal nerve. 

b. Its anteroinferior part is supplied by anterior 
superior alveolar nerve. 

c. The posterosuperior part is supplied by the medial 
posterior superior nasal branches of the pterygo-
palatine ganglion. 

Anterior 
ethmoidal 
Posterior 
ethmoidal 

Little's 
area 

Superior 
labial 

Fig. 15.5: Roof of the nasal cavity and arterial supply of nasal 
septum 
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Fig. 15.6: Nerve supply of nasal septum 

ethmo1dal 

Incisive 
foramen 

d. The posteroinferior part is supplied by the naso-
palatine branch of the pterygopalatine ganglion. 
It is the main nerve. 

2 Special senson; nerves or olfactory nerves are confined 
to the upper part or olfactory area. 

Lymphatic Drainage 
Anterior half to the submandibular nodes. 

Posterior half to the retropharyngeal and deep cervical 
nodes. 

CLINICAL ANATOMY 

• Sphenopalatine artery is the artery of epistaxis. 
• Little's area on the septum is a common site of 

bleeding from the nose or epistaxis (Fig. 15.5). 
• Pathological deviation of the nasal septum is often 

responsible for repeated attacks of common cold, 
allergic rhinitis, sinusitis, etc. It requires surgical 
correction (Fig. 15.7). 

Deviated_.,.._ __ ___,...,~__,,_.., 
nasal 

septum 
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Fig. 15.7: Deviated nasal septum 
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NOSE AND PARANASAL SINUSES 

LATERAL WALL OF NOSE 

DISSECTION 
Remove with scissors the anterior part of inferior nasal 
concha. This will reveal the opening of the nasolacrimal 
duct. Pass a thin probe upwards through the nasolacrimal 
duct into the lacrimal sac at the medial angle of the eye. 
Remove all the three nasal conchae to expose the 
meatuses lying below the respective concha. This will 
expose the openings of the sinuses present there (refer 
to BOC App). 

Features 
The lateral wall of the nose is irregular owing to the 
presence of three shelf-like bony projections called 
conchne. The conchae increase the surface area of the 
nose for effective air-conditioning of the inspired air 
(Fig. 15.2). 

The lateral wall separates the nose: 
a. From the orbit above, with the ethmoidal air 

sinuses intervening. 
b. From the maxillary sinus below. 
c. From the lacrimal sac and nasolacrimal duct in 

front (see Fig. 2.22a). 
The lateral wall can be subdivided into three parts. 
a. A small depressed area in the anterior part is called 

the vestibule. lt is lined by modified skin 
containing short, stiff, curved hairs called vibrissne. 

b. The middle part is known as the atrium of the 
middle meatus. 

c. The posterior part contains the conchae. Spaces 
separating the conchae are called meatuses 
(Fig. 15.8). 

The skeleton of the lateral wall is partly bony, partly 
cartilaginous, and partly made up only of soft tissues. 

The bony part is formed from before backwards by 
the following bones: 

a. Nasal. 
b. Frontal process of maxilla (see Fig. 1.21). 
c. Lacrimal. 
d. Labyrinth of ethmoid with superior and middle 

conchae. 
e. Inferior nasal concha, made up of spongy bone 

only (Fig. 15.8). 
f. Perpendicular plate of palatine bone together with 

its orbital and sphenoidal processes. 
g. Medial pterygoid plate. 
The cartilaginous part is formed by: 
a. The superior nasal cartilage (Fig. 15.1). 
b. The inferior nasal cartilage. 
c. 3 or 4 small cartilages of the ala. 
The rntirnlar lower part is formed by fibrofatty tissue 

covered with skin. 
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Fig. 15.8: Lateral wall of the nasal cavity seen after removing the conchae 
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Fig. 15.9: Formation of the lateral wall of the nasal cavity 

CONCHAE AND MEATUSES 

DISSECTION 
Trace the nasopalatine nerve till the sphenopalatine 
foramen. Try to find few nasal branches of the greater 
palatine nerve. 

Gently break the perpendicular plate of palatine 
bone to expose the greater palatine nerve, branch of 
the pterygopalatine ganglion. Follow the nerve and 
its accompanying vessels to the hard palate. Identify 
the lesser palatine nerves and trace them till the soft 
palate. 

Features 
The nasal conchae a re curved bony projecti o ns 
d irected downwards and medially. The following 
three conchae are usually found: 

1 The inferior conchn (Latin shell) is an independent 
bone. 

2 The middle concha is a projection from the medial 
surface of e thmoidal labyrinth (Fig. 15.8). 

3 The superior concha is also a projection from the 
medial surface of the ethmoidal labyrinth. This is 
the smallest concha situated jus t above the 
posterior p art of the middle concha (Fig. 15.8). 

The ment11ses of the nose are passages benea th the 
overhanging conchae. Each meatus communicates 
freely with the nasal cavity proper (Fig. 15.9). 

1 The inferior ment11s lies underneath the inferior 
concha, and is the largest of the three meatuses. 
The nasolacrimal duct opens into it at the junction 
of its anterior one-thi rd and posterior two-thirds. 
The opening is guarded by the lacrirnal fold, or 
Hasner's valve. 



2 Themiddlemeatus lies underneath themiddleconcha. 
It presents the following features: 
a. The ethmoidal bulla is a rounded elevation 

produced by the underlying middle ethmoidal 
sinuses which open at upper margin of bulla. 

b. The hiatus semilunaris is a deep semicircular 
sulcus below the bulla. 

c. The infundibu/um is a short passage at the 
anterior end of the hiatus. 

d . The opening of frontal air sinus is seen in the 
anterior part of hiatus semi lunaris (Fig. 15.8). 

e. The opening of the anterior ethmoidal air si11 11s is 
present behind the opening of frontal air sinus. 

f. The opening of maxillary air sinus is located in 
posterior pa rt of the hiatus semiluna ris. It is 
often represented by two openings. 

3 The superior meatus lies below the superior concha. 
This is the shortest and shallowest of the three 
meatuses. It receives the openings of the posterior 
ethmoidal air sinuses. 

The sphenoethmoidal recess is a triangular fossa just 
above the super.ior concha. It receives the opening of the 
sphenoida/ air sinus (Fig. 15.8). 

The atrium of the middle meatus is a shallow depression 
just in front of the middle mea tus and above the 
vestibule of the nose. It is limited above by a faint ridge 
of mucous membrane, the agger 11asi, which runs 
forwards and downwards from the upper end of the 
anterior border of the middle concha (Fig. 15.8). 

Arterial Supply 
1 The anterosuperior quadrant is supplied by the anterior 

ethmoidal artery assisted by the posterior ethmoidal 
artery. 

2 The anteroinferior quadrant is supplied by branches 
from the facial artery (Fig. 15.10). 

NOSE AND PARANASAL SINUSES 

3 The posterosuperior quadrant is supplied by a few 
branches of the sphenopalatine artery. 

4 The posteroinferior quadrant is supplied by branches 
from g reater pa latine ar teiry which pierce the 
perpendicular plate of palatine bone a.nd passes up 
through the incisive fossa. 

Venous Drainage 
The veins form a plexus which drains anteriorly into the 
facial vein; posteriorly, into the pharyngeal plexus of veins; 
and from the middle part, to the pterygoid plexus of veins. 

Nerve Supply 
1 General sensory nerves derived from the branches of 

trigeminal nerve are d istributed to w hole of the 
lateral wall: 
a. Anterosuperior quadrant is supplied by the anterior 

ethmoidal nerve branch of ophtha lmic nerve 
(Fig. 15.11). 

b. Anteroinferior quadrant is supplied by the anterior 
superior alveolar nerve, branch of infraorbital, 
continuation of maxillary nerve. 

c. Posterosuperior quadrant is supplied by the lateral 
pos terior superior nasal branches from the 
pterygopalatine ganglion. 

d . Posteroi11ferior quadrant is supplied by the anterior 
palatine branch from the pterygopalatine 
ganglion. 

2 Special sensory nerves or olfnctory nerves are distributed 
to the upper part of the lateral wall just below the 
cribriform plate of the ethmoid up to the superior 
concha. 
Note that the olfactory mucosa lies partly on the 

lateral wall and partly on the nasal septum. 

Lateral wall 
Anterior and posterior ethmoidal Septum 

Greater palatine 

r;;:.::--;::==,=:::f--_;;~~+ --- Anterior 
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lf---=~1<--H~--- Posterior 
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area )--~*==~~~~::~~~ tH---- Superior 
labial 

Fig. 15.10: Arteries supplying the lateral wall and septum of the nasal cavity 
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Fig. 15.11 : Nerve supply of lateral wall and septum of nasal cavity 

Lymphatic Drainage 
Lymphatics from the anterior half of the lateral wall 
pass to the submandibular n odes, and from th e 
posterior half, to the retropharyngeal and upper deep 
cervical nodes. 

CLINICAL ANATOMY 

Hypertrophy of the mucosa over the inierior nasal 
concha is a common feature of allergic rhinHis, which 
is characterised by sneezing, nasal blockage and 
excessive watery discharge from the nose. 

PARANASAL SINUSES 

DISSECTION 
Remove the thin medial walls of the ethmoidal air cells, 
and look for the continuity with the mucous membrane 
of the nose. Remove the medial wall of maxillary air 
sinus extending anteriorly from opening of nasolacrimal 
duct till the greater palatine canal posteriorly. Now 
maxillary air sinus can be seen. Remove part of the 
roof of maxillary air sinus so that the maxillary nerve 
and pterygopalatine ganglion are identifiable In the 
pterygopalatine fossa. 

Trace the infraorbital nerve in infraorbital canal in 
floor of orbit. Try to locate the sinuous course of anterior 
superior alveolar nerve into the upper incisor teeth. 

Features 
Paranasal sinuses are air-filled spaces present within 
some bones around the n asal cavities. The sinuses are 
frontal , maxillary, sphenoidal and ethmoidal. All of them 
open into the nasal cavity through its lateral wall 
(Fig. 15.12). The function of the sinuses is to make the 
skull lighter, warm up and humidify the inspired air. 
These also add resonance to the voice. In iniections of 
the sinuses or sinusitis, the voice is a ltered. 

The sinuses are rudimentary, or even absent at birth. 
They enlarge rapidly during the ages of 6 to 7 years, 
i.e. time of eruption of permanent teeth and then after 
puberty. From birth to adult life, the growth of the 
sinuses is due to enlargement of the bones; in old age it 
is d ue to resorption of the surrounding cancellous bone. 

The anatomy of individual sinuses is important as 
they are frequently iniected. 

Frontal ---------~ 
Anterior and--------~ 

middle ethmoidal 
Posterior ethmoidal - -----~ 

Sphenoidal 

Maxillary -l--..,.C.=------11--

Nasopharynx 

Fig. 15.12: Lateral wall of nasal cavity with location of paranasal 
sinuses 



Frontal Sinus 
1 The frontal sinus lies in the frontal bone deep to the 

superciliary arch. It extends upwards above the 
medial end of the eyebrow, and backwards into the 
medial part of the roof of the orbit (Fig. 15.12). 

2 It opens into the middle meatus of nose at the anterior 
end of the hiatus semilunaris either through the infundi-
bulum or through the frontonasal duct (Fig. 15.8). 

3 The right and left sinuses are usually unequal in size; 
and rarely one or both may be absent. Their average 
height, width and anteroposterior depth are each 
about 2.5 cm. The sinuses are better developed in 
males than in females. 

4 They are rudimentary or absent at birth. They are 
well developed between 7 and 8 years of age, but 
reach full size only after puberty. 

5 Arterial supply: Supraorbital artery. 
Venous drainage: Into the supraorbital and superior 
ophthahnic veins. 
Lymphatic drainage: To submandibular nodes. 
Nerve supply: Supraorbital nerve. 

Maxillary Sinus 
1 The maxillary sinus lies in the body of the maxilla 

(Fig. 15.2), and is the largest of all the paranasal 
sinuses. It is p yramidal in shape, with its base 
directed medially towards the lateral wail of the nose, 
and the apex directed laterally in the zygomatic 
process of the maxilla. 

2 It opens into the middle meatus of the nose in the 
lower part of the hiatus sernilunaris (Fig. 15.8). The 
opening/hiatus is nearer the roof (Fig. 15.12). 

3 In an isolated maxilla, the opening or hiatus of the 
maxillary sinus is large. However, in the intact skull, 
the size of opening is reduced to 3 or 4 mm as it is 
overlapped by the following: 
a. From above, by the uncinate process of the 

ethmoid, and the descending part of lacrimal bone. 
b. From below, by the inferior nasal concha. 
c. From behind, by the perpendicular plate of the 

palatine bone (Fig. 15.9). It is further reduced in 
size by the thick mucosa of nose. 

4 The size of sinus is variable. Average measurements 
are: height-3.5 cm, width-2.5 cm and antero-
posterior depth-3.5 cm (Fig. 15.12). 

5 Its roof is formed by the floor of orbit, and is traversed 
by the infraorbital nerve. The floor is formed by the 
alveolar process of maxilla, and lies about 1 cm below 
the level of floor of the nose. The level corresponds 
to the level of lower border of the ala of nose. 
The floor is marked by several conical elevations 
produced by the roots of upper molar and premolar 
teeth. 
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TI1e roots may even penetrate the bony floor to lie 
beneath the mucous lining. The canine tooth may 
project into the anterolateral wall. . 

6 The maxillary sinus is the first paranasal sinus to 
develop. 

7 Arterial supply: Facial, infraorbital and greater 
palatine arteries. 
Venous drainage into the facial vein and the pterygoid 
plexus of veins. 
Lymphatic drainage into the submandibular nodes. 
Nerve supply: Posterior superior alveolar branches 
from maxillary nerve and anterior and middle 
superior alveolar branches from infraorbital nerve. 

Sphenoidal Sinus 
1 The right and left sphenoidal sinuses lie within the 

body of sphenoid bone (Fiig. 15.12). They are 
separated by a septum. The rnro sinuses are usually 
unequ al in size. Each sinus opens into the 
sphenoethmoidal recess of coriresponding half of the 
nasal cavity (Fig. 15.8). 

2 Each sinus is related superiorly to the optic chiasma 
and the hypophysis cerebri; and laterally to the 
internal carotid artery and !the cavernous sinus 
(see Fig. 12.5). 

3 Arterial supply: Posterior ethmoidal and internal 
carotid arteries. 
Venous drainage: Into pterygoid venous plexus and 
cavernous sinus. 
Lymphatic drainage: To the retropharyngeal nodes. 
Nerve supply: Posterior ethmoidal nerve and orbital 
branches of pterygopalatine ganglion. 

Ethmoidal Sinuses 
1 Ethmoidal sinuses a re numerous sma ll inter-

commmucating spaces which lie within the labyrinth 
of the ethmoid bone (Fig. 15.2). They are completed 
from above by the orbital plate of the frontal bone, 
from behind by the sphenoidal conchae and the 
orbital process of the palatine bone, and anteriorly 
by the lacrimal bone. The sinuses are divided into 
anterior, middle and posterior groups (Fig. 15.12). 

2 The anterior ethmoidal sinus is made up of 1 to 11 air 
cells, opens into the anterior part of the hiatus 
semilunaris of the nose. It is supplied by the anterior 
ethmoidal nerve and vessels. Its lymphatics drain 
into the submandibular nodes .. 

3 The middle ethmoidal sinus consisting of 1 to 7 air cells 
open into the middle meatus of the nose. It is 
supplied by the anterior ethmoiidal nerve and ves~els 
and the orbital branches of the pterygopalatme 
ganglion. Lymphatics drain into the submandibular 
nodes (Fig. 15.8). 
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4 The posterior ethmoidal sinus consisting of 1 to 7 air 
cells open into the superior meatus of the nose. It is 
supplied by the posterior ethmoidal nerve and 
vessels and the orbital branches of the pterygo-
palatine ganglion. Lymphatics drain into the 
retropharyngeal nodes. 

CLINICAL ANATOMY 

• Infection of a sinus is known as sinusitis. It causes 
headache and persistent, thick, purulent discharge 
from the nose. Diagnosis is assisted by transillumi-
na tion and radiography. A diseased sinus is 
opaque. 

• The maxillary sinus is most commonly involved. 
It may be infected from the nose or from a caries 
tooth. Drainage of the sinus is difficult because 
its ostium lies at a higher level than its floor. 
Hence, the sinus is drained surgically by making 
an artificial opening nea r the floor in one of the 
following two ways: 
a. Antrum puncture can be done by breaking 

the lateral wall of the inferior meatus and 
pushing in fluid and letting it drain through 
the natural orifice with head in dependent 
position (Fig. 15.13). 

b. An opening can be made at the canine fossa 
through the vestibule of the mouth, deep to the 
upper lip (Caldwell-Luc operation). 

• Carcinoma of the maxilla ry sinus arises from the 
mucosal lining. Symptoms depend on the direction 
of growth. 
a. Invasion of the orb it ca uses proptosis and 

d iplopia. If the infraorbital nerve is involved, 
there is facial pain and anaesthesia of the skin 
over the maxilla. 

b. invasion of the floor may produce a bulging 
and even ulceration of the palate. 

c. Forward growth obliterates the canine fossa 
and produces a swelling of the face. 

d . Backward growth may involve the palatine 
nerves and produce severe pain referred to the 
upper teeth. 

e. Growth in a medial direction produces nasal 
obstruction, epistaxis and epiphora. 

f. Growth in a lateral direction produces a 
swelling on the face and a palpable mass in the 
labiogingival groove. 

• Frontal sinusitis a nd ethmoiditis ca n ca use 
oedema of the lids secondary to infection of the 
sinuses. 

• Pain from ethrnoid air sinus may be referred to 
forehead, as both are supplied by ophthalmic 
division of trigeminal nerve. 

• Pain of maxillary sinusitis may be referred to 
upper teeth and infraorbital skin as all these are 
supplied by the maxillary nerve. 

,-:J,L--1-----l~--- Maxillary 
antrum 

Fig. 15.13: Antrum puncture. Directions to show the invasion 
of the carcinoma of maxillary sinus 

PTERYGOPALATINE FOSSA 

This is small pyramidal space situated deeply, below 
the apex of the orbit (Fig. 15.14). 

Boundaries 
Study the boundaries on the skull. 
Anterior: Superomedial part of the posterior surface of 
the maxilla. 

Posterior: Root of the pterygoid process and adjoining 
part of the anterior surface of the greater wing of the 
sphenoid. 

Medial: Upper part of the perpendicular pla te of the 
palatine bone. The orbital and sphenoidal processes of 
the bone also take part. 

Lateral: The fossa opens into the infratemporal fossa 
through the pterygomaxillary fissure. 

Superior: Undersurface of the body of sphenoid. 

Inferior: Closed by the pyramidal process of the pal a tine 
bone in the angle between the maxilla and the pterygoid 
process. 

Communications 
Anteriorly: With the orbit through the medial end of 
the inferior orbital fissure (Fig. 15.14). 
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Anterior Posterior 
----- Undersurface of body of sphenoid 

Inferior orbital fissure (leading to orbit)------ _..-- Root of pterygoid process 

Foramen rotundum 

Sphenopalatine foramen (on medial wall) _____ __,,,,. 

Maxillary air sinus------ Palatinovaginal canal 

......_ ____ Pterygomaxillary fissure 

L..._ _ ______ Pyramidal process of palatine 

Fig. 15.14: Scheme to show the pterygopalatine fossa and its communications 

Posteriorly 
1 Middle cranial fossa through the fora men rotund um. 
2 Foramen lacerum through the pterygoid canal. 
3 Pharynx truough the palatinovaginal canal. 

Medially: With the nose through sphenopalatine fora men. 

Lnterally: With the infratemporal fossa through the 
pterygomaxillary fissure. 

Inferiorly: With the oral cavity through the greater and 
lesser palatine canals. 

Contents 
1 Third part of the maxillary artery and its branches 

which bea r the same names as the branches of the 
pterygopalatine ganglia and accompany all of them. 

2 Maxillary nerve and its two branches, zygomatic and 
posterior superior alveolar. 

3 Pterygopalatine ganglion and its numerous branches 
containing fibres of the maxillary nerve mixed with 
autonomic nerves. 

Maxillary Nerve 
It arises from the trigeminal ganglion, runs forwards 
in the latera l wa ll of the cavernous s inus below the 
ophthalmic nerve, and leaves the middle cran ial fossa 
b y passing through the foramen ro tundurn 
(see Fig. 12.1 3). ext, the nerve crosses the upper part 
of p terygopa latine fossa, beyond w hich it is continued 
as the infraorbital nerve. 

In the middle cranial fossa, maxillary nerve gives a 
meningeal branch. 

In the pterygopalatine fossa, the nerve is related to 
the p terygopa latine ga nglion, and gives off the 
ganglionic, posterior superior alveolar an d zygomatic 
nerves. 

Ganglionic Branches 
The pterygopalatine ganglion is suspended by the 
ganglionic branches. 

Posterior Superior Alveolar Nerve 
It enters the posterior surface of the body of the maxilla, 
a nd suppli es the three upper molar tee th and the 
adjoining part of the gum. 

Zygomatlc Nerve 
It is a branch of the maxillary nerve, given off in the 
pterygopalatine fossa. It enters the orbit through the 
la tera l end of the inferior orbital fissure, and runs along 
the lateral wall, outside the pcriosteum, to enter the 
zygomatic bone. Just before or a fter entering the 
bone, it divides into two termina l branch es, the 
zygomaticofncial and zygomaticotempornl nerves which 
supply the skin of the face and of the anterior part of 
the temple (see Fig. 2.16). The communicating branch 
to the lacrimal nerve, which contains secretomotor 
fibres to the lacrimal gland, arises from the zygomatico-
tem poral nerve, and runs in the lateral wall of the orbit 
(Fig. 15.15 and inset). 

lnfraorbifal Nerve 
It is the continuation of the maxillary nerve. It enters 
the orbit through the inferior orbital fissure. It then runs 
forwards on the floor of the orbit or the roof of the 
maxillary sinus, at fi rst in the infrnorbital groove and then 
in the infrnorbita/ canal remaining outside the periosteurn 
of the orbit. It emerges on the face through the infrnorbital 
fora men an d tenninates by dividing into palpebral, nasal 
and labial branches. The nerve is accompanied by the 
infra.orbital branch of the third part of the maxillary 
artery and the accompanying vein (see Fig. 2.16). 
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Fig. 15.15: Branches of maxillary nerve with pterygopalatine ganglion 

Branches 
1 The middle superior alveolar nerve arises in the 

infraorbital groove, runs in the lateral wall of the 
maxillary sinus, and supplies the upper premolar 
teeth. 

2 The anterior superior alveolar nerve arises in the 
infraorbital canal, and runs in a sinuous canal having 
a complicated course in the anterior wall of the 
maxillary sinus. It supplies the upper incisor and 
canine teeth, the maxillary sinus, and the antero-
inferior part of the nasal cavity. 

3 Terminal branches palpebral, nasal and labial supply a 
large area of skin on the face. They also supply 
the mucous membrane of the upper lip and cheek 
(see Fig. 2.22). 

PTERYGOPALATINE GANGLION/SPHENO-
PALATINE GANGLION/GANGLION OF HAY 
FEVER/MECKEL'S GANGLION 

DISSECTION 
Trace the connections, and branches of pterygopalatine 
ganglion. It is responsible for supplying secretomotor 
fibres to the glands of nasal cavity, palate, pharynx 
and the lacrimal gland. It is also called hay fever 
ganglion as inflammation of the ganglion causes allergic 
sinusitis. 

Features 
Pterygopalatine is the largest parasympathetic 
peripheral ganglion. It serves as a relay station for 
secretomotor fibres to the lacrimal gland and to the 
mucous glands of the nose, paranasal sinuses, palate 
and pharynx. Topographically, it is related to the 
maxillary nerve, but functionally it is connected to facial 
nerve through its greater petrosa] branch. 

The flattened ganglion lies in the pterygopalatine 
fossa just below the maxmary nerve, in front of the 
pterygoid canal and lateral to the sphenopalatine 
foramen (Figs 15.15 and 15.16). 

Connections 
1 The parasympathetic root of the ganglion is formed 

by the nerve of the pterygoid canal. It carries 
preganglionic fibres that arise from neurons present 
near the superior salivatory and lacrimatory nuclei, and 
pass through the nervus intermedius, the facial nerve, 
the geniculate ganglion, the greater petrosal nerve and 
the nerve of the pterygoid canal 1to reach the ganglion. 
The fibres relay in the ganglion. Postganglionic fibres 
arise in the ganglion to supply secretomotor nerves 
to the lacrimal gland and to the mucous glands of 
the nose, the paranasal sinuses, the palate and the 
nasopharynx (Fig. 15.2). 

2 The sympathetic root is also derived from the nerve 
of the pterygoid canal. It contains postganglionic 
fibres arising in the superior cervical sympathetic 
ganglion which pass through the internal carotid 
plexus, the deep petrosal nerve and the nerve of the 



NOSE AND PARANASAL SINUSES 

~-------- Zygomatic nerve Greater 
petrosal nerve nerve 

Maxillary nerve 

containing lacrimal 
---...:'--- --- --.. branch of the ganglion N e rv e of 

= d!',_~,.--
pterygoid 

Sensory roots _____ .L..._~-+J Nerve of pterygoid 
' ot::::{;:===icanal (constituting 

canal 
Nasal 
branches Orbital branches -~ parasympathetic 

Pterygopalatine and sympathetic 
ganglion roots) 

Greater 
palatine 
nerve Nasal branches ---~ 

Pharyngeal 
branch 

Posterior inferior nasal ----~ 
Lesser palatine nerves branch of anterior 

palatine nerve 

Anterior (greater) -----+ 
palatine nerve 

Lesser (middle Pharyngeal branch 
and posterior) 
palatine nerves Sympathetic plexus --a::===== around internal carotid artery 

Superior cervical sympathetic Anterior 
(a) 

Posterior ganglion Anterior 
(b) 

Figs 15.16a and b: (a) Connections and branches of the pterygopalatine ganglion, and (b) roots and branches of pterygopalatine 
ganglion 

pterygoid canal to reach the ganglion. The fibres pass 
through the ganglion w ithout relay, and supply 
vasomotor nerves to the mucous membrane of the 
n ose, the paranasal sinuses, the palate and the 
nasopharynx (see Table 1.3). 

3 The sensory roots come from the maxillary nerve. Its 
fibres pass through the ganglion without relay. They 
emerge in the branches (Fig. 15.15) described below. 

Branches 
The branches of the ganglion are actually branches of 
the maxi llary nerve. They also carry parasympathetic 
and sympa thetic fib res which pass through the 
ganglion. The branches a re: 
1 Orbital branches pass through the inferior orbital 

fissure, and supply the periosteum of the orbit, and 
the orbitalis muscle which is involuntary (Fig. 15.16). 

2 Palatine branches, the greater or anterior palatine nerve 
descends through the greater palatine canal, and 
supplies the hard palate and the labia l aspect of the 
upper gums. The lesser or middle and posterior palatine 
nerves supply the soft palate and the tonsil 
(Figs 15.16a and b). 

3 Nasal branches enter the nasal cavity through the 
sphenopalatine foramen (Fig. 15.15). The lateral 
posterior superior nasal branches, about six in number, 
supply the posterior parts of the superior and middle 
conchae (Fig. 15.11). 
The medial posterior superior nasal branches, two or 
three in number, supply the posterior part of the roof 
of the nose and of the nasal septum (Fig. 15.6). The 
largest of these nerves is known as the nasopalatine 
nerve which descends up to the anterior part of the 
hard palate through the incisive fora.men (Fig. 15.6). 

4 The pharyngeal branch passes through the palatino-
vagina1 canal and supplies the part of the nasopharynx 
behind the auditory tube (Figs 15.16a and b). 

5 Lncrimal branch: The postganglionic fibres pass back 
into the maxillary ne rve to leave it through its 
zygomaticnerve and its zygomaticotemporal branch, 
a communicating branch to 1acri.mal nerve to supply 
the secre tomotor fibres to the la crima l gla nd 
(Fig. 15.15). 
Flowchart 15.1 shows the pathway for secretomotor 

fibres to lacrimal gland. 

CLINICAL ANAT 

• Trigeminal n euralgia affecting its maxillary 
branch produces symptoms in the area of its 
dishibution. The nerve can be anaesthetised at the 
foramen rotundum. 

• The pterygopalatine ganglion, if irr itated or 
infected, causes congestion of the glands of palate 
and nose including the lacrimal gland prod uci11g 
running nose and lacri.mation. The condition is 
called hay fever. The ganglion is called 'ganglion 
of hay fever. 

• Maxillary nerve carries the afferent Limb fibres of 
the sneeze reflex as it carries general sensation 
from the nasal mucous membrane. 

SUMMARY OF PTERYGOPALATINE FOSSA 
It contains three or multiple of three structures: 

Three contents: 
• MaxiJJary nerve 
• 3rd part of maxiJJary artery 
• Pterygopalatine ganglion. 
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Flowchart 15.1 : The secretomotor fibres for lacrimal gland 
Lacrimatory nucleus 

Nervus intermedius 

Facial nerve 

Geniculate ganglion 

Greater petrosal nerve + Deep petrosal nerve 

Nerve of pterygoid canal (Vid1an's nerve) 

Plerygopalatine ganglion 

T Only fibres of greater 't pelrosal nerve relay 

Postganglionic fibres 

Pass along 

Maxillary nerve 

Zygomatic nerve 

Zygomaticotemporal 

Communicating branch to lacrimal nerve 

Lacrimal nerve 

Lacrimal gland I 
Three names of ganglion: 
• Sphenopalatine 
• Pterygopalatine 
• Ganglion of hay fever/Meckel's ganglion. 
Three structures traversing in openings in posterior 

wall: 
• Maxillary nerve through foramen rotundum. 
• erve of pterygoid canal through pterygoid canal. 
• Pharyngeal branch through palatinovaginal canal. 
Three structures through inferior orbital fissure: 
• lnfraorbital nerve. 
• Zygomatic nerve. 
• Orbital branches of the ganglion. 
Three structures through inferior openings: 
• One anterior palatine nerve with greater palatine 

vessels. 
• Two posterior palatine nerves including lesser 

palatine vessels. 
Three structures through medial opening: 
• Nasopalatine nerve and sphenopalatine vessels. 

• Medial posterior superior nasal branches. 
• Lateral posterior superior nasal branches. 
Three roots of the ganglion: Sensory, sympathetic 

and secretomotor. 
3 x 2 branches of the ganglion: Orbital, pharyngeal, 

for lacrimal gland, anterior palatine, posterior palatine 
and nasopalatine branches. 

3 x 2 branches of 3rd part of maxillary artery: 
Posterior superior alveolar, infraorbital, sphenopalntine, 
pharyngeal, artery of pterygoid can a I and greater 
palatine. 

• Artery of epistaxis is sphenopaJatine. 
• Upper few mm of lateral wall of nose and septum 

of nose are lined by olfactory epithelium with 
bipolar neurons in it. 

• Most of the nerves and blood vessels to the lateral 
wall of nose and septum of nose are common. The 
difference is in their magnitude. 

• Maxillary sinusitis is the commonest chronic sinusitis. 
• Into the middle meatus of nose drain 4 sets of air 

sinuses. 
• Sinusitis may occur due to air pollution. 
• Pterygopalatine ganglion is the ganglion of "hay 

fever" . It gives secretomotor fibres to lacrima l 
gland, nasal, palatal and pharyngeal gland. 

• Pain of maxillary sinusitis is referred to upper 
teeth; of ethmoidal sinusitis to medial side of orbit 
and of frontal sinusitis to forehead. 

CLINICOANATOMICAL PROBLEM 

A child during hot summer months is playing in the 
park. He picks up his nose, and it starts bleeding 
• What is the source of the bleeding? 
• ame the arteries supplying septum of the nose. 
Ans: The source of the nasal bleeding or epistaxis is 
injury to the large capillary plexus situated at the 
anteroinferior part of the septum of nose. It is called 
Kiesselbach's plexus and the area is also known as 
Little's area. 

The arteries supplying the septum of nose are: 
1. Anterior ethmoidal, branch of ophthalmic 

which is a branch of internal carotid. 
2. Superior labial, a branch of facial artery, which 

in turn is a branch of external carotid artery. 
3. Large sphenopalatine artery. This is the con-

tinuation of 3rd part of maxillary artery, one of 
the terminal branches of external carotid artery. 

4. Some branches from greater palatine artery, a 
branch of maxillary artery. 
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FREQUENTLY ASKED QUESTIONS 

1. Classify paranasal air sinuses. Describe the maxillary 
air sinus with its clinical importance. 

2. Describe the course and branches of maxillary nerve. 
3. Write short notes on: 

a. Lateral wall of nose 

b. Pterygopalatine ganglion with its roots and 
branches 

c. Nerve supply of lacrirnal gland 
d. Nerve supply of septum of nose 
e. Artery of epistaxis 

MULTIPLE CHOICE QUESTIONS 

1. Which of the following is the artery of epistaxis? 
a. Anterior ethmoidal 
b . Greater palatine 
c. Sphenopalatine 
d. Superior labial 

2. Which one of the following air sinuses does not 
drain in the middle meatus of nose? 
a. Anterior ethmoidal 
b. Middle ethmoidal 
c. Posterior ethmoidal 
d. Maxillary 

3. Which of the following air sinuses is first to develop? 
a. Maxillary 
b. Ethmoidal 
c. Frontal 
d. Sphenoidal 

4. Nerve to p terygoid canal is formed by w hich nerves? 
a. Greater petrosal and deep petrosal 
b . Lesser petrosal and deep petrosal 
c. Greater petrosal and external petrosal 
d. Lesser petrosal and external petrosal 

5. Which air sinus is most commonly infected? 
a. Ethmoidal 
b. Frontal 
c. Maxillary 
d. Sphenoidal 

6. What is the length of auditory tube in adult person 
inmm: 
a. 36 
b. 3.6 
c. 46 
d . 48 

ANSWERS 
1.c 2. c 3.a 4. a 5.c 6. a 



Larynx 
,r//rrn,y, lnu7/, ,r;/1, o//,;,.,, ,uwn n/ //,em 
-Thackery 

INTRODUCTION 
The larynx (Latin upper windpipe) is the organ for pro-
duction of voice or phonation. It is also an air passage, 
and acts as a sp hin cter a t the inlet of the lower 
respira tory passages. The upper respiratory passages 
include the nose, the nasopharynx and the oropharynx. 

Larynx or voice box is weU developed in humans. 
Its cap abilities a re greatly enhanced by the lar ge 
"vocalisation area" in the lower part of motor cortex. 
Our speech is guided and controlled by the cerebral 
cortex. God has given us two ears and one mouth; to 
hear m ore, contempla te and speak less accord ing to 
time and need. 

A man's language is an " index of intellect". On e 
speaks during the expira tory phase of respirat ion . 
Larynx is a part of the respiratory system allowing two-
w ay flow of gases. It is kept patent because an adult is 
breath ing abo u t 15 times p er minute, unli ke the 
oesophagus w hich op ens a t the time of eatin g or 
drinking only. 

ANATOMY OF LARYNX 

DISSECTION 
Identify sternothyroid muscle in the sagittal section of 
head and neck and define its attachments on the thyroid 
cartilage. Define the attachments of inferior constrictor 
muscle from both cricoid and thyroid cartilages including 
the fascia overlying the cricothyroid muscle. 

Cut through the inferior constrictor muscle to locate 
articulation of inferior horn of thyroid cartilage with 
cricoid cartilage, i.e. cricothyroid joint. Define the median 
cricothyroid ligament (refer to BOC App). 

Identify thyrohyoid muscle. Remove this muscle to 
identify thyrohyoid membrane. Identify superior laryngeal 
vessels and internal laryngeal nerve piercing this 
membrane. 
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Identify epiglottis, thyroepiglottic and hyoepiglottic 
ligaments. 

Stri p the mucous membrane from the posterior 
surfaces of arytenoid and cricoid cartilages. Identify 
posterior cricoarytenoid, transverse arytenoid and 
oblique arytenoid muscles. 

Recurrent laryngeal nerve was seen to enter larynx 
deep to the inferior constrictor muscle. 

Identify cricothyroid muscle, which is the only intrinsic 
muscle of larynx placed on the external aspect of larynx. 
Remove the lower half of lamina of thyroid cartilage 
including the inferior horn of thyroid cartilage. Visualise 
the thyroarytenoid muscle in the vocal fold. 

SITUATION AND EXTENT 
The larynx lies in the anterior midline of the neck, 
extending from the root of the tongue to the trachea. In 
the adult male, it lies in front of the third to sixth cervical 
vertebrae, but in children and in the adult female, it lies 
at a little higher level (at Cl to C4 level) (Figs 16.la to c). 

SIZE 
The length of the la ryn x is 44 m m in m ales and 
36 mm in females. At puberty, the male larynx grows 
rapidly and becomes larger, seen as p rominent angle 
of thyroid cartilage (Adam 's apple); which m akes his 
voice louder and low pitched . The puber tal growth of 
the female larynx is negligible, and her voice is high 
pitched. Internal diameter up to 3 yrs, i t is 3 mm and 
adult, it is 12 mm. 

CONSTITUTION OF LARYNX 
Th e larynx is m ad e up of a skele tal framework of 
car tilages. Th e cartilages are connected by joints, 
ligaments and membranes; and are moved by a number 
of muscles. The cavity of the larynx is lined by mucous 
membrane. 
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Epiglottis 

Median thyroepiglottic 
Lateral thyrohyoid Thyrohyord ligament 

ligament membrane 
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(a) (b} (c) 
Figs 16.1a to c: Skeleton of the larynx: {a) Anterior view, (b) posterior view, and (c) angle of thyroid laminae in male and female 

Cartilages of Larynx 
The lc1rynx contains nine cartilages, of which three are 
W1paired and three are paired. 

Unpaired Cartilages 
1 Thyroid (Greek shield-like) 
2 Cricoid (Greek ring-like) 
3 Epiglottis (Greek leaf-like) (Fig. 16.la) 

Paired Cartilages 
1 Arytenoid (Greek cup shaped) (Fig. 16.lb) 
2 Corniculate (Latin horn shaped) 
3 Cuneiform (Latin wedge shaped) 

Thyroid Cartilage 
This cartilage is V-shaped in cross-section. It consists 
of right and left laminae (Fig. 16.la). Each lamina is 
roughly quadrilateral. The laminae are placed obliquely 
relative to the mid.line, their posterior borders are far 
apart, but the anterior borders approach each other at 
an angle that is about 90 degrees in the male and about 
120 degrees in the female (Fig. 16. lc). 

The lower parts of the anterior borders of the right 
and left laminae fuse and form a median projection 
called the lan;ngeal prominence. The upper parts of the 
anterior borders do not meet. They are separated by 
the thyroid notch. The posterior borders are free. They 
are prolonged upwards and downwards as the superior 
and inferior comua or horns. The superior cornua is 
connected with the greater comua of the hyoid bone 
by the lateral thyrohyoid ligament. 

The inferior cornua articulates with the cricoid 
cartilage to form the cricothyroid joint (Fig. 16.2). 

The inferior border of the thyroid cartilage is convex 
in front and concave behind. In the median plane, it is 
connected to the cricoid cartilage by the con us elasticus. 

The outer surface of each lamina is marked by an 
oblique line which extends from the superior thyroid 

--H"'r+-- -Thyroid cartilage 
_,_ _ _ _,__ __ Arytenoid cartilage 

r -""'--...,.---'--,;:-+I--- Cricoarytenoid joint 

- ++-+---- Lamina of cncoid 

...__,., _ __...,ir-:..,c.+------- Tracheal rings 
deficient posteriorly 

Fig. 16.2: Cartilages of the larynx: Posterior view 

tubercle in front of the root of superior comua to the 
inferior thyroid tubercle behind the middle of inferior 
border. The (i) thyrohyoid, (ii) sternothyroid and 
(iii) thyropharyngeus part of inferior cons trictor of 
pharynx are attached to the oblique line (Fig. 16.la). 

Attachments 
Lower border and inferior comua gives insertion to 
triangular cricothyroid. Along the posterior border 
connecting superior and inferior comua are the inser-
tion of (i) palatopharyngeus, (ii) salpingopharyngeus, 
(iii) stylopharyngeus (Fig. 16.3). 

On inner aspect are attached: 
a. Median thyroepiglottic ligament 
b. Thyroepiglottic muscle on each side 
c. Vestibular fold on each side 
d . VocaJ fold on each side 
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Fig. 16.3: Cartilages of the larynx: Lateral view 

e. Thyroarytenoid 
f. Vocalis muscle on each side (Figs 16.1 and 16.4). 

Cricoid Cartilage 
This cartilage is shaped like a ring and is a complete 
cartilage. It encircles the larynx below the thyroid 
ca'.tilage and forms foundation stone of larynx. It is 
thicker and stronger than the thyroid cartilage. The ring 
has a narrow anterior part called the arch, and a broad 
posterior part, called the lamina (Fig. 16.2). The lamina 
projects upwards behind the thyroid cartilage, and 
articulates superiorly with the arytenoid cartilages. 

The inferior cornua of the thyroid cartilage articulates 
with the side of the cricoid cartilage at the junction of 
the arch and lamina. 
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------4-+--'>....- Cricoid 
cartilage 

Fig. 16.4: Cartilages of the larynx as seen in sagittal section 

Attachments 
Anterior part of arch of cricoid gives origin to triangular 
cricothyroid muscle, a tensor of vocal cord (Fig. 16.9). 

Anterolateral aspect of arch gives origin to lateral 
cricoarytenoid muscle, an adductor of vocal cord. 

_L~mina of cr~coid cartilage on its outer aspects gives 
ongm to a very rmportant "safety muscle", the posterior 
cricoarytenoid muscle (Fig. 16.10). 

Cricothyroid and quadrate membranes are also 
attached (Fig. 16.Sa). 

Epigloffic Cartilage/Epiglottis 
This is a leaf-shaped cartilage placed in the anterior wall 
of the upper part of the larynx. Its upper end is broad 
and free, and projects upwards behind the hyoid bone 
and the tongue (Fig. 16.Sb). 

The lower end or thyroepiglottic ligament is pointed 
and is attached to the upper part of the angle between 
the two laminae of the thyroid cartilage (Figs 16.lb 
and 16.4). 
Attachments 
The right and left margins of the cartilage provide 
attachment to the aryepiglottic folds. Its anterior su,face 
is connected: 

a. To the tongue by a median glossoepiglottic fold (see 
Fig. 17.1) 

b. To the hyoid bone by the hyoepiglottic ligament 
(Fig. 16.4). The posterior surface is covered with 
mucous membrane, and presents a tubercle in the 
lower part (Fig. 16.15). 

Thyroepiglottic muscle is attached between thyroid 
cartilage and margins of epiglottis. It keeps the inlet of 
larynx patent for breathing. 

Aryepiglottic muscle closes inlet during swallowing 
(Fig. 16.lla). 

Arytenold Cartilage 
These are two small pyramid-shaped cartilages lying on 
the upper border of the lamina of the cricoid cartilage. 
The apex of the arytenoid ca rtilage is curved 
posteromedially and articulates with the corniculate 
cartilage. Its base is concave and articulates with the 
lateral part of the upper border of the cricoid lamina. 
Base is prolonged anteriorly to form the vocal process, 
and laterally to form the muscular process (Fig. 16.3). 
The surfaces of the cartilage are anterolateral, medial 
and posterior (Figs 16.2 to 16.4 and 16.Sc). 

Attachments 
Vocal process: Vocal fold and vocalis muscle is attached. 
Above vocal process: Vestibular fold attached. 
Muscular process: Posterior aspect gives insertion to 
posterior cricoarytenoid. 
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Figs 16.Sa and b: (a) Ligaments and membranes of the larynx. Note the quadrate membrane and the conus elasticus, (b) vocal 
cords and inlet of larynx seen, and (c) arytenoid cartiliage 

Anterior aspect gives insertion to lateral crico-
arytenoid. 

Posterior surface: Transverse arytenoid across the two 
cartilages. 

Between base and apex o f arytenoid is oblique 
arytenoid which continues as aryepiglottic muscle into two 
sides of epiglottis. 

Q uadrangular or quadrate membrane is a ttached 
between arytenoid, epiglottis and thyroid cartilages. 

Corniculafe/Santorini Cartilages 
These are two small conical nodules which articulate 
with the apex of the arytenoid ca rtilages, and are 
directed posteromedially. They lie in the posterior parts 
of the aryepiglottic folds (Fig. 16.Sa). 

Cuneiform/ Wrisberg Cartilages 
These are two small rod-shaped pieces of cartilage 
placed in the aryepiglottic folds just ventral to the 
corniculate cartilages (Fig. 16.Sa). 

Histology of Laryngeal Cartilages 
The thyroid, cricoid cartilages, and the basal parts of 
the arytenoid cartilages are made up of the hyaline 
cartilage. They may ossify after the age of 25 years. 
The other cartilages of the larynx, e.g. epiglottis, 
corniculate, cuneiform and processes of the arytenoid 
are made of the elastic cartilage and do not ossify. 

Laryngeal Joints 
The cricothyroid joint is a synovial joint between the 
inferio r cornua of the thyroid cartilage and the side of 
the cricoid cartilage. It permits rotatory movements 
around a tra nsverse axis passing through both 
cricothyroid joints permitting tension and relaxation 
of vocal cords. There are some gliding movements also 
in different directions (Fig. 16.2). 

The cricoarytenoid joint is also a synovial joint between 
the base of the arytenoid cartilage and the upper border 
of the lamina of the cricoid cartilage. It permits rotatory 
movements around a vertical axis permitting adduction 
and abduction of the vocal cords and also gliding 
movements in all directions (Fig. 16.2). 

Laryngeal Ligaments and Membranes 
Extrinsic 
1 The thyrohyoid membrane connects the th yroid 

cartilage to the hyoid bone. Its median and lateral 
parts a re thicke ned to form the median a nd lateral 
thyrohyoid ligam ents (Fig. 16.5). The membrane is 
pierced by the internal laryngeal nerve, and by the 
superior laryngeal vessels. 

2 The hyoepiglottic ligament connects the upper end of 
the epiglottic cartilage to the hyoid bone (Fig. 16.4). 

3 The cricotrncheal ligament connects the cricoid 
cartilage to the upper end of the trachea (Fig. 16.1). 
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Intrinsic 
The intrinsic ligaments are part of a broad sh eet of 
fibroelastic tissue, known as the fibroelastic membrane of 
the larynx. This membrane is placed just outside the 
mucous membrane. It is interrupted on each side by 
the sin us of the larynx. The part of the membrane above 
the sinus is know n as the quadrate membrane, and the 
p art b elow the sinus is called the conus elasticus 
(Fig. 16.Sa). 

TI1e quadrate membrane extends from the a rytenoid 
carti lage to the epiglottis. It has a lower free border 
which forms the vestibular fold and an upper border 
which forms the aryepiglottic fold. 

The conus elasticus o r cricovocal membrane extends 
upwards and medially from the arch of the cricoid 
cartilage. The anterior part is thick and is known as the 
cricothyroid ligament. The upper free border of the con us 
e lasticus forms the vocal fold (Fig. 16.Sb). 

Cavity of Larynx 
1 The cavity of the larynx extends from the inlet of the 

larynx to the lower border of the cricoid cartilage. 
The inlet of the lan;nx is placed obliquely. It looks 
back wards and upwards, and open s into the 
laryngopharynx. The inlet is bounded anteriorly, by 
the epiglottis; posteriorly, by the interary tenoid fold 
of mucous m embra ne; and on each side, by the 
aryepiglottic fold (Fig. 16.5). 
Internal diameter: Up to 3 years, 3 mm; every year it 
increases by 1 mm up to 12 years. 

2 Within the cavity of larynx, there are two folds of 
mucous membrane on each side. The upper fold is 
the vestibular fold, and the lower fold is the vocal fold. 
The space between the right and left vestibular folds 
is the rima vestibuli; and the space between the vocal 
folds is the rima glottidis (Fig. 16.6). 
The vocal fold is attached anteriorly to the middle 
of the angle of the thyroid cartilage on its posterior 
aspect; and posteriorly to the vocal process of the 
arytenoid cartilage (Fig. 16.llb). 
The rima glottidis is limited posteriorly by an 
interarytenoid fold of mucous membrane. 
The rima, therefore, has an an te rio r interm em-
branous part (three-fifth) and a posterior intercarti-
laginous part (Fig. 16.15a). 
The rima is the narrowest part of the larynx. It is 
longer (23 mm) in males than in females (17 mm). 

3 The vestibular and vocal folds divide the cavity of 
the larynx into three parts. 
A. The part above the vestibular fold is called the 

vestibule of the larynx or supraglottis. 
B. The part between the vestibular and vocal folds is 

called the sinus or ventricle of the larynx (Fig. 16.6). 
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Fig. 16.6: Posterior view of spread out larynx 
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Fig. 16.7: Cavity of larynx and position of piriform fossa 

C. The part below the vocal folds is called the infra-
glottis (Fig. 16.7). 

The sinus of Morgagni or ventricle of the larynx is a 
narrow fusiform cleft between the vestibular and vocal 
folds. The anterior part of the sinus is prolonged 
upwards as a diverticuJum between the vestibuJar fold 
and the lamina of the thyroid cartilage. This extension 
is known as the saccu/e of the larynx. The saccule contains 
mucous glands which help to lubricate the vocal folds. 
It is often called oil can of larynx. 

Mucous Membrane of Larynx 
1 The anterior surface and upper half of the posterior 

surface of the epiglottis, the upper parts of the 
aryepiglottic folds, and the vocal folds are lined by 
the stratified squamous epithelium. The res t of the 



laryngeal mucous membrane is covered with the 
ciliated columnar epithelium. 

2 The mucous membrane is loosely attached to the 
cartilages of the laryn x except over the voca l 
ligaments and over the posterior surface of the 
epiglottis w here it is thin and fi rmly adherent. 

3 The mucous glands are absent over the vocal cords, 
but are plentiful over the anterior surface of the 
epiglottis, around the cuneiform cartilages and i.n the 
vestibular folds. The glands are scattered over the 
rest of the larynx. 

CLINICAL ANATOMY 

• Since the larynx or glottis is the narrowest part of 
the resp ira tory passages, foreign bodies are 
usually lodged here. 

• Infection of the larynx is called laryngitis. It is 
characterized by hoarseness of voice. 

• Laryngeal _oedema may occur due to a variety of 
causes. This can cause obstruction to breathing. 

• Misuse of the vocal cords may produce nodules 
on the voca l cords mos tly at the junction of 
anterior one-third and posterior two-thirds. These 
are called Singer 's nodules or Teacher's nodules 
(Fig. 16.8). 

• Fibreoptic flexible laryngoscopy: Under local 
anaesthesia flexible laryngoscope is passed and 
larynx well visualised. 

• Microlaryngoscopy: This procedure is performed 
under operating microscope. Vocal cord tumors 
and dfaeases a re excised by this method. 

• External examination of larynx: Head is flexed in 
sitting position . Examiner stands behind and 
palpates laryn x and neck with finger tips for 
tumour, swelling, lymphadenitis, etc. 

• S~eech analysis is also necessary in laryngeal 
diseases. 

• ! oreign bo1y in larynx: At times fish bones may get 
tmpacted m the vallecula or piriform fossa. Often 
these bones just scratch the mucosa on their way 
down, and the person gets a feeling of foreign 
body sensation, due to a dull visceral pain caused 
by the scratch. 

• Piriform fossa lies between guadrate membrane 
and medial side of thyroid cartilage. It is traversed 
by internal laryngeal nerve. Piriform fossa is used 
to smuggle out precious stones, diamonds, etc. It 
is called smuggler's fossa (Fig. 16.7). 

• The mucous membrane of the larynx is supplied 
by X nerve through superior laryngeal or recurrent 
laryngeal nerves. So laryngeal tumours may also 
cause referred pain in the ear partly supplied by 
auricular branch of X nerve. 
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• Large foreign bodies may block laryngeal inlet 
leading to suffocation. 

• Small fo reign bodies may lodge in laryn geal 
ventricle, cause reflex closure of the glottis and 
suffocation. 

• Inflammation of upper larynx may cause oedema 
of supraglottis part. It does noit extend below vocal 
cords because mucosa is adheren t to vocal 
ligament. 
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Fig. 16.8: Indirect laryngosccipic examination 

Intrinsic Muscles of Larynx 
The a ttachments of intrinsic muscles of larynx are 
p resented in Table ] 6.1 and their main action shown in 
Table 16.2. 

Nerve Supply 
All intrinsic muscles of the larynx are supplied by the 
recurrent laryngeal nerve except: for the cricothyroid 
which is supplied by the extem all laryngeal nerve. 

Actions 
The vocal process and muscular processes move in 
opposite directions. Any mus(:le which pulls the 
muscular process medially, p ushes the vocal process 
laterally, resulting in abduction of vocal cords. This is 
d one by only one pair of muscle, the p os te ri or 
cricoarytenoid (Fig. 16.9a). 

Muscles which pull the muscular process forward and 
laterally will push the vocal process medially (Fig. 16.9b) 
causing adduction of vocal cords. This is done by lateral 
cricoarytenoid and transverse ary tenoid. 

The cricothyroid ca uses rocking movement of thyroid 
forwards and downwards at cricothyroid joints, thus 
tensing and lengthening the v ocal cords (Fig. 16.9c). 
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Vocal process 

Arytenoid >--- --Muscular process 
Arytenoid 

Fig. 16.9a: Abduction of vocal cords Fig. 16.9b: Adduction of vocal cords 

Table 16.1: Intrinsic muscles of the larynx 
Muscle Origin 
1. Cricothyroid Lower border and lateral 

The only muscle outside surface of cricoid 
the larynx (Fig. 16.9c) 

2. Posterior cricoarytenoid Posterior surface of the 
triangular (Fig. 16.1 O) lamina of cricoid 

Fibres 
Fibres pass 
backwards 
and upwards 
Upwards and 
laterally 

Insertion 
Inferior cornua and lower border of thyroid cartilage. 
It is called 'tuning fork of larynx' 

Posterior aspect of muscular process of arytenoid 

3. Lateral cricoarytenoid 
(Figs 16.11a and b) 

Lateral part of upper border Upwards and Anterior aspect of muscular process of arytenoid 

4. Transverse arytenoid 
Unpaired muscle 
(Fig. 16.10) 

5,6. Oblique arytenoid 
and aryepiglottic 
(Fig. 16.1 O) 

7,8. Thyroarytenoid and 
thyroepiglottlc 
(Figs 16.11a and b) 

9. Vocalis (Fig. 16.12) 

of arch of cricoid backwards 
Posterior surface of one 
arytenoid 

Muscular process of one 
arytenoid 

Transverse 

Oblique 

Thyroid angle and adjacent Backwards 
cricothyroid ligament and upwards 

Vocal process of 
arytenoid cartilage 

Pass 
forwards 

Table 16.2: Muscles acting on the larynx 
Movement 
1 . Elevation of larynx 
2. Depression of larynx 
3. Opening inlet of larynx 
4. Closing inlet of larynx 
5. Abductor of vocal cords 
6. Adductor of vocal cords 

Muscle 
Thyrohyoid, mylohyoid 
Sternothyroid, sternohyoid 
Thyroepiglottic 
Aryepiglottic 
Posterior cricoarytenoid only 
Lateral cricoarytenoid trans-
verse and oblique arytenoids 
Cricothyroid 

Posterior surface of another arytenoid 

Apex of the other arytenoid. Some fibres are 
continued as aryepiglottic muscle to the edge 
of the epiglottis 
Anterolateral surface of arytenoid cartilage. 
Some of the upper fibres of thyroarytenoid curve 
upwards into the aryepiglottic fold to reach the edge 
of epiglottis, known as thyroepiglottic 
Vocal ligament and thyroid angle 

/ ' 
,/ 

" " / 
/ 

,,,,,.---------

Arytenoid 
cartilage 

-=------'!---1- Tense vocal 7. Tensor of vocal cords 
and modulation of voice Relaxed -.+---::.,.,- cord 

8. Relaxor of vocal cords Thyroarytenoid and vocalis 

The thyroary tenoid pulls the arytenoid forward, 
relaxing the vocal cords (Table 16.2 and Fig. 16.11). 

a. M uscles w h ich abduct the vocal cords: Only 
posterior cricoarytenoids (safety muscle of larynx). 

vocal cord ~~~'7!-'~-+- Cricothyroid 

WA.QJ.~ ----+-- Oblique 
fibres 

Vertical ---Wi!'fl, 
fibres 

Fig. 16.9c: Cricothyroid muscle 



b. Muscles which adduct the vocal cords: 
1. Lateral cricoarytenoids 

ii. Transverse arytenoid 
iii. Cricothyroids (tuning fork of larynx) 
iv. Thyroarytenoids (Figs 16.11a and b). 
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Arytenoid __ ____, 
cartilage 

, ~ ,,_ ___ Posterior 
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Fig. 16.10: Muscles of larynx: Posterior view 
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Figs 16.11 a and b: Muscles of the larynx: (a) Lateral view, and 
(b) horizontal view 

LARYNX 
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Fig. 16.12: Scheme to show the direction of pull of some intrinsic 
muscles of the larynx 

c. Muscles w hich tense the vocal cords : Cri-
cothyroids (Fig. 16.9). 

d. Muscles which relax the vocal cords: 
i. Thyroarytenoids (Fig. 16.12) 

ii. Vocalis. 
e. Muscles which close the inlet of the larynx: 

i. Oblique arytenoids 
ii. Aryepiglottic (Fig. 16.lla). 

f. Muscles wh ich open the inlet of la rynx: 
Thyroepiglotticus (Fig. 16.11 b ). 

CLINICAL ANAT 

• When an y foreign object enters the larynx severe 
protective coughing is excited to expel the object. 
However, damage to the internal laryngeal nerve 
produces anaesthesia of the mucous membrane in 
the supraglottic part of the larynx breaking the 
reflex arc so that foreign bodies can readily enter it. 

• Damage to the external laryngeal nerve causes some 
weakness of phonation due to loss of the tightening 
effect of the cricothyroid on the vocal cord. 

• When bo th recurrent la ryngeal nerves ar e 
interrupted, the vocal cords lie in the cadaveric 
position in between abduction and adduction and 
phonation is completely lost. Deep breathing also 
becomes difficult through the pa rtially opened 
glottis (Fig. 16.13). 

• When only one recu r rent llaryngeal nerve is 
paralysed, the opposite vocal cord compensates 
for it and phonation is po:ssible but there is 
hoar seness of voice. There is fai lure of forcefu l 
explosive part of voluntary and reflex coughing 
(Figs 16.14a and b). 
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• Tumours in the piriform fos.sa cause dysphagia. These 
also cause referred pain in the ear. Pain of pharyn-
geal tumours may be referred to the ear, as X nerve 
carries sensation both from the pharynx and the 
external auditory meatus and the tympanic membrane. 

• Recurrent laryngeal nerve: Mediastinal tumours 
may press on the left recurrent laryngeal nerve, 
as it is given off in the thorax. The pressure on 
the nerve may present as alteration in the voice. 
Right recurrent laryngeal nerve is given off in the 
neck, so it is not affected by mediastinal tumours. 

L 

L 

Posterior Adduction 
Median 

Fig. 16.13: Various positions of the vocal cords 

On inspiration 

Paralysed left vocal 
cord in cadaveric 

posi~on 

On phonation 

(a) 

(b) 

R 

R 

Figs 16.14a and b: Position of vocal cords: (a) Normal, and 
(b) abnormal conditions 

MOVEMENTS OF VOCAL FOLDS 
Movements of the vocal folds affect the shape and size 
of the rima glottidis. 
1 During quiet breathing or condition of rest, the inter-

membranous part of the rima is triangular, and the 
intercartilaginous part is quadrangular (Fig. 16.lSa). 

2 Durin g phonation or speech, the glottis is reduced 
to a chink b y the adduction of the vocal folds 
(Figs 16.lSb and 16.16). 

3 During forced inspiration, both parts of the rima are 
triangular, so that the entire rima is lozenge-shaped; 
the vocal folds are fully abducted (Fig. 16.15c) 
(i.e. diamond-shaped glottis). 

4 During whispering, the intermembranous part of the 
rima glottidis is closed, but the intercartilaginous part is 
widely open (Fig. 16.lSd) (i.e. funnel-shaped glottis). 

Arterial Supply and Venous Drainage 
Up to the Vocal Folds 
By the superior laryngea l artery, a bra nch of the 
superior thyroid artery. The superior laryngeal vein 
drains into the superior thyroid vein. 
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Figs 16.15a to d: Rima glottidis: (a) In quiet breathing, (b) in 
phonation or speech, (c) during forced inspiration, and (d) during 
whispering 



Anterior 

1- 4--------+- Vocal cord 
and fold 

Posterior 
Fig. 16.16: Direct laryngoscopic view of vocal cords in adducted 
position 

Below the Vocal Folds 
By the inferior laryngeal artery, a branch of the inferior 
thyroid artery. The inferior laryngea l vein drains into 
the inferior thyroid vein. 

Nerve Supply 
Motor Nerves 
Recurrent laryngea I nerve supplies posterior 
cricoarytenoid, lateral cricoarytenoid, transverse and 
oblique arytenoid, aryepiglottic, thyroarytenoid, 
thyroepiglottic muscles. It supplies all intrinsic muscles 
except cricothyroid. 

External laryngeal nerve only supplies cricothyroid 
muscle. 
Sensory Nerves 
The internal laryngea I nerve supplies the mucous mem-
brane up to the level of the vocal folds. The recurrent laryn-
geal nerve supplies it below the level of the vocal folds. 

Lymphatic Drainage 
Lymphatics from the part above the vocal folds drain 
along the superior thyroid vessels to the anterosuperior 
group of deep cervical nodes by piercing thyrohyoid 
membrane. 

Those from the part below the vocal folds drain to 
the posteroinferior group of deep cervical nodes. A few 
of them drain into the prelaryngeal nodes by piercing 
cricothyroid. True vocal folds, i.e. g lo ttis acts as 
watershed for lymphatics. It has 'no' lymphatics. 
Carcinoma of glottis carries best prognosis. 

CLINICAL ANATOMY 

• The larynx can be examined either directly through 
a laryngoscope (direct laryngoscopy) (Fig. 16.17); 
or indirectly through a laryngeal mirror (indirect 
laryngoscopy) (Fig. 16.18). 

• By laryngoscopy, one can inspect the base of the 
tongue, the valleculae, the epiglottis, the aryepiglottic 
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folds, the piriform fossae, the vestibular folds, and 
the vocal folds. 

• Tumours of the vocal cords can be diagnosed 
early, because there are ch anges in the voice. 
Tumours in subglottic area present late so are 
diagnosed late and have poor prognosis. 

• Laryngotomy: The needle is inserted in the midline 
of cricothyroid membrane, below the thyroid 
prominence. This is done as an emergency 
procedure (Fig. 16.18). 

• Tracheostomy is a permanent procedure. Part of 
2nd-4th rings of trachea are removed after incising 
the isthmus of the thyroid gland. 

• If the patient is unconscious, one must remember 
A: Airway, B: Breathing, C: Circulation in that 
order. For the patency of airway, pull the tongue 
out and also endotracheal tube needs to be passed. 
The tube should be passed between the right and 
left vocal cords down to the trachea. 

Laryngeal 
mirror 

Fig. 16.17: Parts of larynx seen by direct laryngoscopy 

Hyoid bone 

~ 4--- Median 
cricothyroid 
ligament 

Fig. 16.18: Laryngotomy 
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INFANT'S LARYNX 
Cavity of infant's larynx is short and funnel-shaped . 
• Size is one-third of an adult. Lumen is very narrow. 
• Position is higher than in adult. 
• Epiglottis lies at C2 and during eleva tion, it reaches 

Cl , so that infant can use nasal airway for breathing 
while suckling. 

• Laryngeal cartilages are softer, more pliable than in 
adult. 

• Thyroid cartilage is shorter and broader. 
• Vocal cords are only 4-4.5 mm long, shorter than in 

childhood and in adult. 
• Sup raglottic and subglottic mucosa are lax, sweLling 

results in respiratory obstmction. 
• One must be carefu I while giving anaesthesia to an 

infant (birth to one year). 

MECHANISM OF SPEECH 
The mechanism of speech involves the following four 
processes: 
• Expired air from lungs 
• Vibrators 
• Resonators 
• Articulators 
Expired Air 
As the air is forced out of lungs and larynx, it produces 
voice. Loudness or intensity of voice depends on the 
force of expiration of air. 

Vibrators 
The expired air causes vibrations of the vocal cords. 
Pitch of voice depends on the rate of vibration of vocal 
cords. Vowels are produced in the larynx. 

Resonators 
The column of air between vocal cords and nose and 
lips act as resonators. Quality of sound depends on 
resonators. One can make out change of quality of voice 
even on the telephone. 
Articulators 
These are formed by palate, tongue, teeth and lips. 
These narrow or stop the exhaled air . Vowels are 
produced due to vibrations of vocal cards. Many of the 
consonants are produced by the intrinsic muscles of 
tongue. Consonants produced by lips are-Pa, Pha, Ba, 
Bha, Ma 

Labiodental-Ta, Tha, Da, Dha, .Ja 
Lingual-Cha, Ja, Jha 
Palatal-Ka, Kha, Ga, Gha. ,.. 

• Only intrinsic muscle of larynx placed on the outer 
aspect of laryngeal cartilages is cricothyroid. 

• Cricothyroid is the only m 1L1scle supplied by 
external laryngeal nerve. 

• External laryngeal nerve ru ns with superio r 
thyroid artery near the gland 

• Posterior cricoarytenoid is the only abductor of 
vocal cord and so it is a life saving muscle. 

• Piriform fossa is called smuggler's fossa as 
precious stones, etc. can be hidden here. 

• The primary function of larynx is to protect the 
lower respiratory tract. Phona tion has developed 
with evolution and is related to motor speech area 
of the cerebral cortex. 

CLINICOANATOMICA PROBLEM 

Due to a severe infection of the voice box and with 
high temperature, a patient is not able to speak and 
breathe at all. 
• Paralysis of w hich muscles causes extreme 

difficulty in breathing? 
• ame the muscles of larynx and their actions. 
Ans: Due to infection of the larynx, the branches of 
recur rent laryngeal nerve supp lying posterior 
cricoarytenoid muscles are infeded. Since this pair 
of muscle is the only abductor of vocal cord, the vocal 
cords get adducted, resulting in extreme difficulty 
in breathing. Tracheostomy is the m ain line of 
treatment if infection is not conitrolled. 

Movement of /an;nx 
Abduction of vocal cord 

Adduction of vocal cord 

Opening inlet of larynx 
Closing inlet of larynx 
Tensor of vocal cord 
Relaxor of vocal cord 

Muscles 
Posterior 
cricoarytenoid 
Lateral cricoarytenoid 
Transverse arytenoid 
Olblique arytenoid 
Thyroepiglottic 
Aryepiglottic 
C1ricothyroid 
Thyroarytenoid 

FREQUENTLY ASKED QUESTIONS 

1. Describe the intrinsic muscles of larynx. Add a note 
on their clinical importance. 

2. Mention the structures attached to various parts of 
thyroid cartilage. 

3. Write short notes on: 
a. Rima glottidis 
c. Cricoid cartilage 
e. Pyriform fossa 

b. Epiglottis 
d. Vocal folds 
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MULTIPLE CHOICE QUESTIONS 

1. Which histological type of cartilage is epiglottis? 
a. f ibrous b. Elas tic 
c. H yaline d. Fibroelastic 

2. Which is the only abductor of the vocal cord? 
a. Lateral cricoarytenoid 
b . Thyroary tenoid 
c. Posterior cricoary tenoid 
d . Th yroepiglottic 

3. Recurrent laryngeal nerve supplies all muscles 
except: 
a. Posterior cricoary tenoid 
b. Oblique arytenoids 
c. Lateral cricoarytenoid 
d . Cricothyroid 

4. Angle of anterior borders of laminae of thyroid 
ca rtilage in adult male is: 
a. 90° b. 100° 
c. 80° d . 120° 

5. Which o f the following muscles is not inserted in 
the posterior border of thyroid ca rtilage? 
a. Palatopharyngeus b. Salpingopharyngeus 
c. Stylopharyngeus d . Levator veli pala tini 

6. Which m uscle is not attached to cricoid cartilage? 
a. Cricothyroid 
b. Oblique a ry tenoid 
c. Latera l cricoarytenoid 
d . Posterior cricoarytenoid 

7. Which of the following muscles is the 'safety ' 
muscle of larynx? 
a. Late ral cricoarytenoid 
b. Posterior cricoarytenoid 
c. Oblique ary tenoid 
d. Transverse a rytenoids 

8. Pain of pharyngeal tumours iis referred to ear due 
to w hich of the following nerves? 
a. IX b. X 
C. V d . VII 

ANSWERS 
1.b 2.c 3.d 4.a 5.d 6. b 7. b 8. b 
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INTRODUCTION 
The tongue is a muscular organ situated in the floor 
of the mouth. It is associated with the functions of 
(i) taste, (ii) speech, (iii) chewing, (iv) deglutition, and 
(v) cleansing of mouth. 

Ton g ue comprises skele tal muscles w hich are 
voluntary. These voluntary muscles start behaving as 
involuntary in any classroom- funny? 

Thanks to the taste buds that the multiple hotels, 
restaurants, fast food outlets, chat- pakori shops, etc. are 
flourishing. One need not be too fussy about the taste of 
the food. utritionally, it should be balanced and hygjenic. 

EXTERNAL FEATURES 

DISSECTION 
In the sagittal section, identify fan-shaped genioglossus 
muscle. Cut the attachments of buccinator, superior 
constrictor muscles and the intervening pterygomandi-
bular raphe and reflect these downwards exposing the 
lateral surface of the tongue. Look at the superior, inferior 
surfaces of your own tongue with the help of hand lens 
(refer to BOC App). 

PARTS 
The tongue has: 
1 A root 
2 A tip 
3 A body, which has: 

a. A curved upper surface or dorsum (Fig. 17.1). 
b. An inferior surface. 
The dorsum is divided into oral and pharyngeal parts 

by a V-shaped, the sulcus te rminalis. The inferior 
surface is confined to the oral part only. 

The root is a ttached to the styloid process and soft 
palate above, and to mand ib le and the hyoid bone 
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below. Because of these attachments, we ar e not able 
to swallow the tongue itself. In b,etween the mandible 
and hyoid bones, it is related to the gen.iohyoid and 
mylohyoid muscles. 

The tip of the tongue forms the an terior free end 
w hich, at rest, lies behind the upper incisor teeth. 

The dorsum of the tongue (Fig. 17.1) is convex in all 
directions. It is divided into: 
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• An oral part or anterior two- thirds. 
• A phan;ngeal part or posterior one-third, by a faint 

V-shaped groove, the su.lcus terminalis. The two 
limbs of the 'V' meet at a median pit, named the 
foramen caecum. They run laterally and forwards 
up to the palatoglossal airches. The foram en 
caecum represents the site from which the thyroid 
djverticul um grows down in the embryo. The oral 
and pharyngeal parts of the tongue differ in their 
development, topography, slrructure, and function 
(Table 17.3). 

• SmaU posteriormost part 
1 The oral or papillary part of the tongue is placed on the 

floor of the mouth. Its margins are free and in contact 
with the gums and teeth. Just in front of the palato-
glossal arch, each margin shows 4 to 5 vertical folds, 
named the foliate papillae. 
The superior surface of the oral part shows a median 
furrow and is covered w ith papillae which make it 
rough (Fig. 17.1). 
The inferior surface is covered with a smooth mucous 
membrane, which shows a median fold called the 
frenu/ 11111 linguae. 
On either side of the frenulurn, there is a prominence 
produced by the deep Lingual veins. More laterally 
there is a fold called the plica fimbriata that is directed 
forwards and medially towards the tip of the tongue 
(Fig. 17.2). 
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Fig. 17.1: The dorsum of the tongue, epiglottis and palatine tonsil 

np of tongue -------:_,.!!!!~"'-
turned up 

Orifice of submandibular 
duct on sublingual papallla 

1-1--a4- ~ ~ -Deep 
lingual vein 

~ ~ '-------- Sublingual fold 
with openings 
of sublingual 
ducts 

Fig. 17.2: The inferior surface of tongue and the floor of the 
mouth 

2 The phnryngenl or lymphoid part of the tongue lies 
beh ind the pala toglossal arch es and the sulcus 
tenninalis. Its posterior surface, sometimes called the 
base of the tongue, forms the anterior wall of the 
oropharynx. The mucous membrane has no papillae, 
but has many lymphoid follicles that collectively 
constitute the lingual tonsil (Fig. 17.1). Mucous glands 
are also present. 

3 The posteriormost part of the tong ue is connected 
to the epiglottis by three-folds of mucous membrane. 
These are the median glossoepiglottic fold and the 
right and left lateral glossoepiglottic folds. On either 
side of the median fold, there is a depression called 
the vallecula (Fig. 17.1). The lateral folds separate the 
vallecula from the piriform fossa. 

CLINICAL ANAT 

• Glossitis is usuaJJy a part of generalized ulceration 
of the mouth cavity or stomatitis. In certain 
anaemias, the tongue becomes smooth due to 
atrophy of the filiform papillae. 

• The presence of a rich network of lymphatics and 
of loose areolar tissue in the substance of tongue 
is responsible for enormous swelling of tongue in 
ncute glossifis. The tongue fills up the mouth cavity 
and then protrudes out of it. 

• The undersurface of the tongue is a good site along 
with the bulbar conjunctiva for observation of 
jaundice. 

• In unconscious patients, the bongue may fall back 
and obstruct the air passages. This can be 
prevented either by lying the patient on one side 
with head down (the ' tonsil position') or by 
keeping the tongue out mechanically. 

• Lingual tonsil in the posterior one-third of the 
tongue forms part of Waldeyer's ring (see Fig. 14.13). 

PAPILLAE OF THE TONGUE 
These are projections of mucous membrane or corium 
which give the anterior two-thirds of the tongue, its 
characteristic roughness. These are of the following 
three types (Fig. 17.3). 
1 Vallnte or circumvallate papillae: They are large in size 

1-2 mm in diameter and are S-12 in number. They 
are situated immediately in front of the sulcus 
terminalis. Each papilla is a cylindrical projection 
surrounded by a circular sulcus. The walls of the 
papilla have taste buds. 

2 The ftmgiform papillae are numerous near the tip and 
margins of the tongue, but some of them are also 
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Filiform papillae Fungiform papillae 

lymphatic 
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Fig. 17.3: Types of papillae and taste buds 

scattered over the dorsum. These are smaller than 
the vallate papillae but larger than the filiform 
papillae. Each papilla consists of a narrow pedicle 
and a large rounded head. They are distinguished 
by their bright red colour (Fig. 17.3). 

3 The filiform papillae or conical papillae cover the 
presulcal area of the dorsum of the tongue, and give 
it a characteristic velvety appearance. They are the 
smallest and most numerous of the lingual papillae. 
Each is pointed and covered with keratin; the apex 
is often split into filamentous processes. 

4 Foliate papillae are present at the lateral border just 
infrontof circumvallate papillae. They are leaf shaped. 

MUSCLES OF THE TONGUE 
A middle fibrous septum divides the tongue into right 
and left halves. Each half contains four intrinsic and 
four extrinsic muscles. 

Intrinsic Muscles 
They occupy the upper part of the tongue, and are 
attached to the submucous fibrous layer and to the 
median fibrous sep tum. They alter the shape of the 
tongue (Fig. 17.4). 

1 Superior longitudinal: It arises from the fibrous tissue 
deep to the mucous membrane on the dorsum of the 
tongue and the midline lingual septum. They pass 
longitudinally back from the tip of the tongue to its 
root posteriorly. It inserts into the overlying mucous 
membrane. The superior longitud inal muscles act to 
elevate the tip and sides of the tongue superiorly. 
This shapes the tongue dorsum into a concavity and 
it shortens the tongue . 

2 Inferior longitudinal: It originates from the fibrous 
tissue beneath the mucous membrane stretch ing 
from tip of tongue longitudinally back to the root of 
the tongue and the hyoid bone. They insert into the 
mucous memb rane of the tongue dorsum. It lies 
between the genioglossus and the hyoglossus. 
The inferior longitudinal muscles act to curl the tip 
of the tongue inferiorly. This makes the dorsum of 
the tongue convex in shape and shortens the tongue. 

3 Transverse: It lies as a sheet on either side of the 
midline in a plane that is deep to the s upe rior 
longitudinal muscles but superficial to genioglossus. 
They run transversely from their origin a t the fibrous 
lingual septum to insert into the submucous fibrous 
tissue at the lateral margins of the tongue. 
Contraction of the transverse muscles act to narrow 
and increase the depth of the tongue. 

4 Vertical: It is found a t the borders of the anterior part 
of the tongue. It makes the tongue broad. 

Extrinsic Muscles 
1 Genioglossus 
2 Hyoglossus 
3 Styloglossus 
4 Palatoglossus 

The extrinsic muscles connect the tongue to the mandible 
via genJoglossus; to the hyoid bone through hyoglossus; 
to the styloid process v ia styloglossus, and the palate 
via palatoglossus. These are described in Table 17.l. 

The actions of intrinsic and extrinsic muscles are 
mentioned in Table 17.2. 

Muscle 
Palatoglossus 
(Fig. 17.6) 

Origin 
Table 17.1: Extrinsic muscles of tongue 

Insertion Actions 

Hyoglossus 
(Fig. 17.6) 

Styloglossus 
(Fig. 17.6) 
Genioglossus 
fan-shaped bulky 
muscle (Fig. 17.5) 

Oral surface of palatine 
aponeurosis 

Whole length of greater 
cornua and lateral part of 
hyoid bone 
Tip and part of anterior 
surface of styloid process 
Upper genial tubercle of 
mandible 

Descends in the palatoglossal arch 
to the side of tongue at the junction 
of oral and pharyngeal parts 

Side of tongue between styloglossus 
and inferior longitudinal muscle of 
tongue 
Into the side of tongue 

Upper fibres into the tip of tongue 
Middle fibres into the dorsum 
Lower fibres into the hyoid bone 

Pulls up the root of tongue, 
approximates the palatoglossal 
arches and thus closes the 
oropharyngeal isthmus 
Depresses tongue, makes dorsum 
convex, retracts the protruded 
tongue 
Pulls tongue upwards and back-
wards, i.e. retracts the tongue 
Retracts the tongue 
Depresses the tongue 
Pulls the posterior part of tongue 
forwards and protrudes the tongue. 
It is a life-saving muscle· 



Table 17.2: Summary of the actions of muscles 
Intrinsic muscles 
Superior longitudinal 

Inferior longitudinal 

Transverse 

Vertical (Fig. 17.4) 

Extrinsic muscles 
Genioglossus (Fig. 17.5). 
Hyoglossus (Fig. 17.6). 
Styloglossus (Fig. 17 .6). 
Palatoglossus 

Actions 
Shortens the tongue makes its 
dorsum concave 
Shortens the tongue makes its 
dorsum convex 
Makes the tongue narrow and 
elongated 
Makes the tongue broad and 
flattened 

Actions 
Protrudes the tongue 
Depresses the tongue 
Retracts the tongue 
Elevates the tongue 

Median fibrous--------
~-- Superior septum 

Transverse 
muscle 

Inferior 
longitudinal 

muscle 

Greater - ---""-• 
cornua of hyo1d 

longitudinal 
muscle 

Fig. 17.4: Coronal section of the tongue showing arrangement 
of the intrinsic muscles and extrinsic muscles 

Styloid process with --~--
stylohyoid ligament 

Styloglossus - ----~ .-.--~ 
IX neNe ____ _ ____:,,;~ 

Lingual artery -------1-l---

Middle constrictor--~'--~•• ' 
External carotid -----l.l 

artery 
Hyoglossus ____________ ___J 

TONGUE 

Fig. 17.5: Genioglossus 

Arterial Supply of Tongue 
It is derived from the tortuous lingllal artery, a bran ch 
of the external carotid artery. The root of the tongue is 
also supplied by the tonsi llar art,ery, a branch of facial 
artery, and ascend ing pharyngeal branch of external 
carotid (Fig. 17.6). See Chapter 4 for the course and 
branches of the lingual artery. 

Venous Drainage 
The arrangement of the venae comitantes/veins of the 
tongue is variable. Two venae cornitantes accompany 
the lingual artery, and one vena comitant accompanies 
the hypoglossa l nerve. The deep lingual vein is the 
largest and principal vein of the tongue. It is visible on 
the inferior surface of the tongue. It runs backwards 

Circumvallate papillae 

Tongue 

'--------- Lingual neNe with 
submandibular ganglion 

Fig. 17.6: Arterial supply and extrinsic muscles of the tongue 
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and crosses the genioglossus and the hyoglossus below 
the hypoglossal nerve. 

These veins unite at the posterior border of the 
hyoglossus to form the lingual vein which ends in the 
internal jugular vein. 

Lymphatic Drainage 
1 The tip of the tongue drains bilaterally to the 

submental nodes (Figs 17.7a and b). 
2 The right and left halves of the remaining part of 

the anterior two-thirds of the tongue drain uni-
laterally to the submandjbular nodes. A few central 
lymphatics drain bilaterally to the deep cervical 
nodes (Fig. 17.7b). 

3 The posteriormost part and posterior one-third of the 
tongue drain bilaterally into the upper deep cervical 
lymph nodes including jugulodigastric nodes. 

4 The whole lymph finally drains to the jugulo-
omohyoid nodes. These are known as the lymph nodes of 
the tongue. 

Nerve Supply 
Motor Nerves 
All the intrins ic and extrinsic muscles, except the 
palatoglossus, are supplied by the hypoglossal nerve. 
The palatoglossus is supplied by the cranial root of the 
accessory nerve through the pharyngeal plexus. 

So seven out of eight muscles are supplied by XIT 
nerve (Fig. 17.8). 

Circumvallate - -------,;::J.t,:J 
papillae 

Posterior belly __ .=!l!o'--'-""'-

of digastric 

Jugulodigastric --"""'_,..--+-~ 
group 

Deep cervical -.-....+-'I!~ 
group 

Jugulo-omohyoid ----.----._.,._ 
group 

Inferior belly of omohyoid 

Superior belly 
of omohyoid 

(a) 

Only palatoglossus 
supplied by vago-

accessory complex 

Seven muscles of-.---
tongue supplied by 
hypoglossal nerve 

Both general sensation and 
tast,e by internal laryngeal 
nerve, branch of vagus nerve 

Both general 
sensation and taste 
by glossopharyngeal 
nerve 

'-'---'"-I-- Circumvallate 
papillae 

- •'--- General sensation 
by lingual and taste 
by chorda tympani 

Fig. 17.8: Nerve supply of tongue 

Sensory Nerves 
The lingual nerve is the nerve of general sensation 
and the chorda tympani is the nerve of taste for the 
anterior two-thirds of the tongue except vallate papillae 
(Fig. 17.8). 

The glossopharyngeal nerve is the nerve for 
both general sensa tion and taste for the posterior 
one-third of the tongue including the circurnvallate 
papillae. 

The posteriormost part of the tongue is supplied by 
the vagus nerve through the internal laryngeal branch 
(Table 17.3). 

Mylohyoid 

Mandible 

Submental 
group 

Anterior belly 
of digastric 

'----- Submandibular 
group 

Deep cervical group 

Dark areas 
drain bilaterally 

Submandibular 

Submental group 

(b) 

Figs 17.7a and b: Lymphat ic drainage of tongue: (a) Lateral surface, and (b) dorsum, dark a reas of tongue drain 
bilaterally 



TONGUE 

Table 17.3: Comparison of the parts of the tongue 

Situation 
Structure 
Function 
Sensory nerve 

Sensation of taste 

Development of 
epithelium from endoderm 

Anterior two-thirds 
Lies in mouth cavity 
Contains papillae 
Chewing 
Lingual (post-trematic 
branch of 1st arch} 
Chorda tympani except circum-
vallate papillae (pre-trematic 
branch of 2nd arch) 
Lingual swellings of 1st arch. 
Tuberculum impar which soon 
disappears 

Posterior one-third 
Oropharynx 
Contains lymphoid tissue 
Deglutition 
Glossopharyngeal 
nerve of 3rd arch 
Glossopharyngeal including 
the vallate papillae 

Third arch which forms large 
ventral part of hypobranchial 
eminence 

Posteriormost part and vallecula 
Oropharynx 

Deglutition 
Internal laryngeal branch of 
vagus (nerve of 4th arch) 
Internal laryngeal branch of 
vagus 

Fourth arch which forms small 
dorsal part of hypobranchial 
eminence 

Muscles develop from occipital myotomes, so the cranial nerve XII (hypoglossal nerve) supplies all intrinsic and three extrinsic 
muscles. Only palatoglossus is supplied by cranial root of accessory through pharyngeal plexus and is dENeloped from mesoderm 
of sixth arch 

CLINICAL ANATOMY 

• Carcinoma of the tongue is quite common. The 
affected side of the tongue is removed surgically. 
All the deep cervica I lymph nodes are also removed, 
i.e. block dissection of neck because recurrence of 
malignant disease occurs in lymph nodes. Carci-
noma of the posterior one-third of the tongue is 
more dangerous due to bilateral lymphatic spread. 

• Sorbitrate is taken sublingually for immediate 
relief from angina pectoris. It is absorbed fast 
because of rich blood supply of the tongue and 
bypassing of portal circulation. 

• Genioglossus is called the 'safety muscle of the 
tongue' because if it is paralysed, the tongue will 
fa II back on the oropha rynx and block the air 
passage. During anaesthesia, the tongue is pulled 
forwards to clear the air passage. 

• Genioglossus is the only muscle of the tongue 
which protrudes it forwards. It is used for testing 
the integrity of hypoglossal nerve. If hypoglossal 
nerve of right side is paralysed, the tongue on 

Base pushed to left--- -+---- --
by normal left genio-

glossus 

Tip of tongue deviated __ __., 
to paralysed site ...,... __ ....,.. 

protrusion will deviate to the right side. Normal 
left genioglossus will pull the base to left side and 
apex will get pushed to right side (apex and base 
lie at opposite ends) (Figs 17.9, 17.lOa and b). 

Depression 

r 
Protrusion 

Fig. 17.9: Actions of extrinsic muscles of the tongue 

\\-'IIM::--;-f~H-:at--- Base pulled to right 
by normal genioglossus 

Paralysed left genioglossus 

~ --Tip poiniting to the left 
paralys4a!d side 

~) 
Figs 17.1 Oa and b: (a) Effect of paralysis of right XII nerve, and (b) effect of paralysis of left genioglossus 
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HISTOLOGY 
1 The bulk of the tongue is made up of striated muscles. 
2 The mucous membrane consists of a layer of connective 

tissue (corium), lined by stratified squamous epithe-
lium. On the oral part of the dorsum, it is thin, forms 
papillae (Fig. 17.3), and is adherent to the muscles. 
On the pharyngeal part of the dorsum, it is very rich 
in lymphoid follicles. On the inferior surface, it is 
thin and smooth. umerous glands, both mucous 
and serous lie deep to the mucous membrane. 

3 Taste buds are most numerous on the s ides of the 
circumvallate papillae, and on the walls o f 
the surrounding sulci. Taste buds are numerous over 
the foliate papillae and over the posterior one-third 
of the tongue; and sparsely d istributed on the fungi-
form papillae, the soft palate, the epiglottis and the 
pharynx. There are no taste buds on the mid-dorsal 
region of the oral part of the tongue (Fig. 17.11). 

Structure 
There are two types of cells, the sustentacular or 
supporting cells and gustatory cells. The supporting 
cells are spindle-shaped while gustatory cells are long 
slender and centrally situated. 

DEVELOPMENT OF TONGUE 
Epithelium 
1 Anterior trPo-thirds: From two lingual swellings, 

which arise from the first branchial arch (Fig. 17.12). 
Therefore, it is supplied by lingual nerve (post-
trematic) of 1st arch and chorda ty mpani (pre-
trematic) of 2nd arch. 

Gustatory - ...,_----~--,..---.--... 
cells 

Straltfied 
squamous 
epithelium 

Central gustatory cells 
Peripheral sustentacular cells 
Basal cell at the base 

Fig. 17.11 : Structure of taste bud 

Nerve fibre 

2nd arch 4th arch 
1st arch ,.,."A 

1st arch 3rd arch 

Fig. 17.12: Development of tongue 

2 Posterior one-third: From cran ial large part of the 
hypobranchial eminence, i.e. from the third arch. 
Therefore, it is supplied by the glossopharyngeal 
nerve (Table 17.3). 

3 Posteriormost part from the fourth arch. This is 
supplied by the vagus nerve. 

Muscles 
The muscles develop from the occipital rnyotomes 
which are supplied by the hypoglossal nerve. 

Connective Tissue 
The connective tissue develops from the loca l 
mesenchyme. 

TASTE PATHWAY 
• The taste from anterior two-thi:rds of tongue except 

from vallate papillae is carried by chorda tympani 
branch of facial till the geniC1L1late ganglion. The 
cen tral processes go to the tractus solitari11s in the 
medulla. 

• Taste from posterior one-third of tongue including 
the circumvallate papillae is carried by cranial nerve 
IX till the inferior ganglion. The central processes 
also reach the tractus solitarius (Fig. 17.13). 

• Taste from posteriormost part of tongue and 
epiglottis travels through vagus nerve till the inferior 
ganglion of vagus. These central processes also reach 
tractus solitarius. 

• After a relay in tractus solitarius, the solitario-thalamic 
tract is formed which becomes a part of trigeminal 
lemnisws and reaches postero-ventromedial nucJeus 
of thalamus of the opposite side. Another relay here 
takes them to lowest part of postcen tral gyrus, which is 
the area for taste. 



Nucleus of 
tractus solitarius 

VII 

Postcentral gyrus 
of cerebral cortex 

Fig. 17.13: Taste pathways 

CLINICAL ANATOMY 

• Injury to any part of the pathway causes abnor-
mality in appreciation of taste. 

• Referred pain is fel t in the ear in diseases of 
posterior part of the tongue, as ninth and tenth 
nerves are common supply to both the regions. 
Other examples of referred pa in are seen in 
Fig. 17.14. 

Stomach, ---<---~-----+-
duodenum 

Large intestine ----~ 

Fig. 17 .14: Examples of referred pain 

• All 4 intrinsic muscles of tongue are supplied by 
XII nerve 

TONGUE 

• Out of 4 extrinsic muscles of tongue 3 are supplied 
by XII nerve. Only palatoglossus is supplied by 
vagoaccessory complex. 

• Lingual artery is a tortuous artery as it moves up 
and down with movements of pharynx 

• Tongue is kept in position by its attachment to 
neighbouring structures through the 4 pairs of 
extrinsic muscles 

• Circumvallate papillae are only 10-12 in number, 
but have maximum number of taste buds. The taste 
from here is carried by IX nerve. 

• erve supp ly correlates w ith d evelop ment. 
Anterior two-thirds develop from 1st arch, the 
nerves being lingual and chorda tympani. Chorda 
tympani is pre-trematic branch of the 1st arch . 

• Posterior one-third develops from cranial part of 
3rd arch. So it is supplied by IX nerve. 

• Posteriormost part develops from 4th arch . So it is 
supplied by internal laryngeal branch of X. 

• Sorbitrate, the drug fo r p revention of angina is 
taken sub lingually as it reaches the blood very fast, 
bypassing the portal circulation. 

• Genioglossus is the life -saving muscle as it 
protrudes the tongue forwards. 

CLINICOANATOMICAL PROBLEM 

A patien t is diagnosed as "medial medulla ry 
syndrome on r ight side 
• What is the effect on tongue? 
• Name the n uclear column to which XII nerve 

belongs? 
• a.me the muscles of tongue. 
Ans: In medial medullary syndrome, XII nerve, 
pyramidal fibres and medial lemniscus are damaged 
due to blockage of anterior spinal artery 
a. There is contrala teral hemiplegia due to damage 

to pyramid of meduJla oblongata 
b. Loss of sense of vibration and position due to 

damage to medial lemniscus 
c. Paralysis of muscles of tongue on the same side 

due to paralysis of XII nerve. The tip of tongue on 
protrusion w ill get protruded to the side of lesion. 
XII nerve belongs to general somatic efferen t 
column (GSE). 

Muscles of tongue are intrinsic and extrinsic: 
Intrinsic muscle 
Superior lon gitudinal 
Inferior longitudinal 
Transverse 
Vertical 

Extrinsic muscle 
Genioglossus 
Hyoglossus 
Palatoglossus 
Styloglossus 
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FREQUENTLY ASKED QUESTIONS 

1. Describe tongue under the following headings: 
a. Gross anatomy 
b. Dorsurn of tongue 
c. Blood supply and nerve supply 
d. Lymphatic drainage 
e. Clinical anatomy 

2. Describe the extrinsic and intrinsic muscles of 
tongue. Discuss their actions and importance of 
genioglossus muscle. 

3. Write short notes on: 
a. Taste fibres from the tongue 
b. Sensory nerve supply 
c. Development of tongue 

MULTIPLE CHOICE QUESTIONS 

1. Epithelium of tongue develops from all the 
following arches except: 
a. 1st arch b . 2nd arch 
c. 3rd arch d. 4th arch 

2. Muscles of tongue are mostly supplied by XII nerve 
except: 
a. Genioglossus 
b. Palatoglossus 
c. Hyoglossus 
d. Styloglossus 

3. Lymph from tongue drains into all the following 
lymph nodes except: 
a. Submandibular b. Submental 
c. Deep cervical d. Preauricular 

4. Taste from the tongue is carried by all nerves except: 
a. VII b. IX 
c. X d. XI 

5. Sensory fibres from tongue is carried by all nerves 
except: 
a. V 
c. IX 

b. VIII 
d. X 

ANSWERS 
1. b 2. b 3. d 4. d 5. b 
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INTRODUCTION 
Tympanic membrane comprises all the three embryonic 
layers-outer layer is ectodermal, inner layer is endo-
dermal while middle one is mesodermal in origin. The 
ossicles of the ear are the only bones fully formed at birth. 

One hears with the ears. The centre for hearing is in 
the temporal lobe of brain above the ear. Reading aloud 
is a quicker way of memorising, as the ear, temporal lobes 
and motor speech area are also activated. The labyrinth 
is also supplied by an "end artery" like the retina. 

Noise pollution within the four walls of the homes 
from the music albums and advertisements emitted 
from the television sets cause a lot of damage to the 
cochlear nerves and temporal lobes, besides causing 
irritation, hypertension and obesity. 

The ear is an organ of hearing. It is also concerned in 
maintaining the equilibrium of the body. It consists of 
three parts: The external ear, the middle ear and the 
internal ear. 

Features of the Temporal Bone 
1 External auditory meatus is for air waves. 
2 Internal auditory meatus is for passage of Vil, VIII 

nerves and labyrinthine vessels. 
3 Suprameatal triangle is the landmark for mastoid 

antrum. It is bounded by supramastoid crest, 
posterosuperior margin of external acoustic meatus 
and a tangent drawn from the crest to the margin. 
Mastoid antrum lies about 15 mm deep to the 
suprameatal triangle in adult (see Fig. 1.9b). 

4 Tympanic canaliculus lies on the inferior surface of 
petrous temporal bone between carotid canal and 
jugular fossa. 

5 Petrotympanic fissure gives passage to anterior 
tympanic artery, anterior ligament of malleus and 
chorda tympani nerve. 

283 

Ear 
# ifllrnr /j 1ro11;-/,-1ji1/. p I .nollu.n yra u 1u;t, / /.'/(/ ,luln '/ l.111,,1 tr, 

"" 9<,in9 It ,rrrn ,Jj,rrh.1rl1..>, y1I I,~/,; al//,,- ''"'Y 1/u jtlal'cd <-flt tfl'IJ 

"P ih-< ('.<l t i-> hll f-'''l'"~r,;,u; nu-,u:.,/. .. 

6 Stylomastoid foramen gives passage to posterior 
tympanic artery for middle ear and facial nerve. 

7 Hiatus for greater petrosal nerve gives passage to 
nerve of the same name and a branch of middle 
meningeal artery. 

8 Tegmen tympani on the anterior face of petrous 
temporal bone, forms roof of the middle ear, 
mas toid antrum and canal for tensor tympani 
muscle. 

9 The aqueduct of vestibule opens on posterior aspect 
of petrous temporal bone. It is plugged by ductus 
endolymphaticus. 

10 Organ of Corti is the end organ for hearing, situated 
in the cochlear duct. 

11 Crista is an end organ in the semicircular canal. 
These are kinetic balance receptors. 

12 Macula are end organs in the utricle and saccule 
and are static balance receptors. 

EXTERNAL EAR 

The external ear consists of: 
• The auricle or pinna. 
• The external acoustic meatus. 

AURICLE/PINNA 
The auricle is the part seen on the surface. The greater 
part of it is made up of a single crumpled plate of elastic 
cartilage which is lined on both sides by skin. It supports 
the spectacles. However, the lowest part of the amide 
is soft and consists only of fibrofatty tissue covered by 
skin: This part is called the lob11le for wearing the ear 
rings. The rest of the auricle is divided into a number 
of parts. These are helix, antihelix, concha, tragus, 
scaphoid fossa (see Fig. 20.2). In particular, note the large 
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depression called the concha; it leads into the external 
acoustic meatus. 

In relation to the auricle, there are a number of 
muscles. These are all vestigeal in man. In lower animals, 
the intrinsic muscles alter the shape of the auricle, while 
the extrinsic muscles move the auricle as a whole. 

Nerve Supply 
The upper two-thirds of the lateral surface of the 
auricle are supplied by the auriculotemporal nerve; and 
the lower one-third by the great auricular nerve (Figs 
18.la and b). The upper two-thirds of the medial surface 
are supplied by the lesser occipital nerve; and the lower 
one-third by the grea t auricular nerve. The root of the 
auricle is supplied by the auricular branch of the vagus 
(Figs 18.la and b). The auricular muscles are supplied 
through branches of the fac ial nerve. 

Blood Supply 
The blood supply of the auricle is derived from the 
posterior auricular and superficial temporal arteries 
(Fig. 18.2). The lymphatics drain into the preauricular, 
and postauricular lymph nodes (Figs 18.la and b). 

EXTERNAL ACOUSTIC MEATUS 

DISSECTION 
Expose the external auditory meatus by cutting the 
tragus of the auricle. Put a probe into the external 
auditory meatus and remove the anterior wall of 
cartilaginous and bony parts of the external auditory 
meatus with the scissors. Be slow and careful not to 
damage the tympanic membrane (refer to BOC App). 

Auriculo-
temporal 

branch of V 

(a) 

11~ .....---'~+--+-- Preauricular 
lymph nodes 

\.\---'----- - Auricular 
branch of X 

~~..J..._ _ _ Great auricular 
(C2, C3) 

Features 
The external auditory meatus conducts sound waves 
from the concha to the tympanic membrane. The canal 
is S-shaped. Its outer part is directed medially, forwards 
and upwards. The middle part is directed medially, 
backwards and upwards. The inner part is directed 
medially, forwards and downwards. The meatus can 
be straightened for examination by pulling the auricle 
upwards, backwards and slightly laterally. 

The meatus or canal is about 24 mm long, of which 
the med ial tv,.ro-thi rds or 16 mm is bony, and the lateral 
one-third or 8 mm is cartilaginous. Due to the obliquity 
of the tympanic membrane, the anterior wall and 
floor are longe r than the posterior wall and roof 
(Figs 18.3a and b). 

The canal is oval in section . The greatest diameter is 
vertical at the lateral end, and anteroposterior at the 
medial end. The bony part is narrower than the 
carti laginous part. The narrowest point, the isthmus, lies 
about 5 mm from the tympanic membrane. 

The bony part is formed by the tympanic plate of the 
temporal bone which is C-shaped in cross-section. 
The pos terosuperior part of the plate is deficient. Here 
the wall of the meatus is formed by a par t of the 
squamous temporal bone. The meatus is lined by thin 
skin, firmly adherent to the periosteum. 

The cartilaginous part is also C-shaped in section; and 
the gap of the 'C' is filled with fibrous tissue. The lining 
skin is adherent to the perichondrium, and contains 
hairs, sebaceous glands, and ceruminous or wax glands. 
Ceruminous glands are modified sweat glands. 

Blood Supply 
The outer part of the canal is supplied by the superficia l 
temporal and posterior auricular arteries, and the inner 
part, by the deep auricular branch of the maxillary artery. 

Lesser occipital __ _,_, 
(C2, C3) 

Great auricular 
(C2, C3) 

'----.L-- Postauricular 
lymph nodes 

(b) 

Figs 18.1a and b: Pinna of the ear: (a) Nerve supply and lymph nodes on the lateral surface, and (b) nerve supply on the medial surface 
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Fig. 18.2: Blood supply of the auricle 

Lymphatics 
The lymphatics pass to preauricular, postauricular and 
superficial cerv ical lymph nodes. 

Nerve Supply 
The skin lining the an terior half of the mea tus is 
supplied by the au.riculotemporal nerve, and that lining 
the posterior half, by the auricular branch of the vagus. 

TYMPANIC MEMBRANE 
This is a thin, translucent partition between the external 
acoustic meatus and the middle ea r. 

It is oval in shape, measuring 9 x 10 mm. 1t is placed 
obliquely a t an angle of 55 degrees with the floor of the 
meatus. It faces downwards, forwards and laterally 
(Figs 18.4a and b). 

The membrane has outer and inner surfaces. 
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EAR 

The outer surface of the membrane is lined by thin 
skin. It is concave. 

The inner surface provides attachment to the handle 
of the malleus which extends up to its centre. The inner 
surface is convex. The point of maximum convexity lies 
a t the tip of the handle of the mallleus and is called the 
umbo. 

The membrane is thickened at its circumference 
which is fixed to the tympanic sulcus of the temporal 
bone on the tympanic plate. Superiorly, the sulcus is 
deficient. Here the membrane is a ttached to the 
tyrnpanic notch. From the ends of the no tch, two bands, 
the anterior an d posterior rnalleolar folds, are 
prolonged to the lateral process of the ma lieus. 

While the greater part of the tympanic membrane is 
tightly stretched, and is therefore, called the pars tensa, 
the part between the two malleolar folds is loose and is 
called the pars flaccida. The pars flaccida is crossed 
internally by the chorda tympani (Fig. 18.5). This part 
is more liable to rupture than the pars tensa. 

The membrane is held tense by the inward pu ll of 
the tensor tympani muscle which is inserted into the 
upper end of the handle of the malleus. 

Structure 
The tympanic membrane is composed of the fol lowing 
three layers: 
1 The outer cuticulnr layer of skin (Fig. 18.4a). 
2 The middle fibrou s layer maclle up of superficial 

radia ting fibres and deep circular fibres. The circular 
fibres are minimal at the centre and maximal a t the 
periphery (Fig. 18.4b). The fibrous layer is replaced 
by loose areolar tissue in the pars flaccida (Fig. 18.5). 

3 The inner mucous layer (Fig. 18.4a) is lined by a low 
cil iated columnar epi thelium. 

(b) 

Figs 18.3a and b: (a) The normal ear, and (b) otitis media causing mastoid abscess 
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Figs 18.4a and b: (a) Tympanic membrane as seen in section, and (b) fibres of tympanic membrane 
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Fig. 18.5: Inner surface of the tympanic membrane 

Blood Supply 
1 The outer surface is supplied by the deep auricular 

branch of the maxillary artery. 
2 The inner surface is supplied by the anterior 

tympanic branch of the maxillary artery (see Fig. 6.6) 
and by the posterior tympanic branch of the 
stylomastoid branch of the posterior auricular artery. 

Venous Drainage 
Veins from the outer surface drain into the external 
jugular vein. Those from the inner surface drain into 
the transverse sinus and into the venous plexus around 
the auditory tube. 

Lymphatic Drainage 
Lymphatics pass to the preauricular and retro-
pharyngeal lymph nodes. 

Nerve Supply 
1 Outer surface: The anteroinferior part is supplied by 

the auriculotemporal nerve, and the posterosuperior 

part by the au ricular branch of the vagus nerve with 
a communicating branch from facial nerve (Fig. 18.1). 

2 Inner surface: This is supplied by the tympanic branch 
of the glossopharyngeal nerve through the tympanic 
plexus (Fig. 18.4a). 

CLINICAL ANATOMY 

• As already stated, for examination of the meatus 
and tympanic membrane, the auricle should 
be drawn upwards, backwards and slightly 
laterally. However, in infants, the auricle is drawn 
downwards and backwards because the canal is 
only cartilaginous and the outer surface of the 
tympanic membrane is directed mainly down-
wards (Fig. 18.6). 

• Boils and other infections of the external auditory 
meatus cause a little swelling but are extremely 
painful, due to the fixity of the skin to the 
underlying bone and cartilage. Ear should be dried 
after head bath or swimming. 

• Irritation of the auricular branch of the vagus in 
the external ear by ear wax or syringing may 
reflexly produce persistent cough called ear cough, 
vomiting or even death due to sudden cardiac 
inhibition. On the other hand, mild stimulation of 
this nerve may reflexJy produce increased appetite. 

• Accumulation of wax in the external acoustic meatus 
is often a source of excessive itching, although 
fungal infection and foreign bodies should be 
excluded. Troublesome impaction of large foreign 
bodies like seeds, grains, insects is common. 
Syringing is done to remove these (Fig. 18.7). 

• Involvement of the ear in herpes zoster of the 
geniculate ganglion depends on the connection 
between the auricular branch of the vagus and the 
facial nerve within the petrous temporal bone. 



• Small pieces of skin from the lobule of the pinna 
are commonly used for demonstration of lepra 
bacilli to confirm the diagnosis of leprosy. 

• Pinna is used as grafting material. 
• Hair on pinna in male represents Y-linked inheri-

tance. 
• A good number of ear traits follow mendelian 

inheritance. 
• Infection of elastic cartilage may cause perichondritis. 
• Bleeding within the auricle occurs between the 

perichondrium and auricular cartilage. If left 
untreated fibrosis occurs as haematoma com-
promises blood supply to cartilage. Fibrosis leads 
to "cauliflower ear". It is usually seen in wrestlers. 

• Tympanic membrane is divided into an upper 
smaller sector, the pars flaccida bounded by 
anterior and posterior malleolar folds and a larger 
sector, the pars tensa. Behind pars flaccida lies the 
chorda tympani, so disease in pars flaccida should 
be treated carefully (Fig. 18.8). 

Fig. 18.6: Otoscopic examination 

n p of the syringe 

Fig. 18. 7: Syringing of the ear 

EAR 

• When the tympanic membrane is illuminated for 
examina tion, the concavity of the membrane 
produces a 'cone of light' over the anteroinferior 
quadrant which is the farthest or deepest quadrant 
with its apex at the umbo (Fig. 18.9). Through the 
membrane, one can see the underlying handle of 
the malleus and the long process of the incus. 

• The membrane is sometimes incised to drain pus 
present in the middle ear. The procedure is called 
myringotomy (Fig. 18.9). The incision for myringo-
tomy is usually made in the posteroinferior quadrant 
of the membrane where the bulge is most promi-
nent. In giving an incision, it has to be remembered 
that the chorda tympani nenre runs downwards 
and forwards across the inner surface of the 
membrane, lateral to the long process of the incus, 
but medial to the neck of the malleus. If the nenre 
is injured taste from most of anterior two-thirds 
of tongue is not perceived. Alsc, salivation from sub-
mandibular and sublingual glands gets affected. 

Anterior 

Pars - -rr_:,b=;~ 
naccida 

Posterior 
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Fig. 18.8: Care to be taken in diSE!ase of pars flaccida 
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Fig. 18.9: The left tympanic membrane seen through the external 
acoustic meatus. (1) Posterosuperiorquadrant, (2) anterosuperior 
quadrant, (3) posteroinferior quadrant, and ( 4) anteroinferior quadrant 
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MIDDLE EAR 

DISSECTION 
Remove the dura mater and endosteum from the floor 
of the middle cranial fossa . Identify greater petrosal 
nerve emerging from a canaliculus on the anterior 
s urface of petrous temporal bone. Trace it as it passes 
inferior to trigeminal ganglion to reach the carotid canal. 

Carefully break the roof of the middle ear formed by 
tegmen tympani which is a thin plate of bone situated 
parallel and just lateral to the greater petrosal nerve. 
Cavity of the middle ear can be visualised. Try to put a 
probe in the anteromedial part of the cavity of middle 
ear till it a ppears at the opening in the late ra l wa ll of 
nasopharynx. Identify the posterior wa ll of the middle 
ear which has an opening in its upper part. This is the 
aditus to mastoid antrum, which in turn, connects the 
cavity to the mastoid a ir cells (refer to BOC App). 

Ear ossicles 
Identify the bony ossicles. Locate the tendon of tensor 
tympani muscle passing from the malleus towards the 
medial wall of the cavity where it gets continuous with 
the muscle. Trace the tensor tympani muscle traversing 
in a semicanal above the auditory tube . Break one wall 
of the pyramid to vis ualise the s tapedius muscle. J ust 
superior to the attachment of tendon of tensor tympani, 
look fo r chorda tympani trave rsing the tympanic 
membrane. 

Features 
The midd le ear is also called the tympanic cavity, or 
tympanum. 

The middle ear is a narrow air filled space situa ted 
in the petrous part of the tern poral bone between the 
external ear and the internal ear (Fig. 18.10). 

Cochlea 

Semicircular canal 

---- Stapes 

External 
acoustic 
meatus 

--------U- Tympanic 

Middle ear 
Secondary 
tympanic 
membrane 

membrane 

Fig. 18.10: Scheme to show the three parts of the ear 

Shape and Size 
The middle ear is shaped like a cube. Its lateral and 
medial walls are large, but the other walls are narrow, 
because the cube is compressed fro m side to side. Its 
vertical and anteroposterior diameters a re both about 
15_ mm. ~ en ~een in coronal section the cavity of the 
nuddle ear 1s biconcave, as the medial an d lateral walls 
are closest to each o ther in the centre. The distances 
sepa rating them are 6 mm near the roof, 2 mm in the 
centre, and 4 mm nea r the floor (Fig. 18.11). 

Parts 
The cavity of th e middle ear can be subdivided into the 
tympanic cavity proper w hich is opposite the tympanic 
membrane; and the epitympanic recess w hich lies above 
the level of the tympanic membrane. 

Communications 
The middle ear communicates anter iorly w ith the 
n~sopharynx ~rough the auditory tube, and posteriorly 
with t~e mastoid antr~ and mastoid air cells through 
the ad1tus to the mastoid antrum (Fig. 18.12a). 

The middle ear is likened to a pistol in the slop ing 
course of the aditus to the epitympanic recess and the 
auditory tube (Fig. 18.12a). The trigger of p istol is 
tympanic cavity. Outlet is audito ry tube. Handle is 
ad i tus to mas toid antrum and mas toid air cells 
(Fig. 18.12b). 

The mucous membran e lining the middle ear cavity 
invests all the contents and forms several vascular folds 
which project into the cavity. This gives the cavity, a 
honeycombed appearance. 

BOUNDARIES 
Roof or Tegmental Wall 
1 The roof separates the middle ea r from the middle 

cranial fossa . It is formed by a thin p late of bone 
called the tegmen hpnpani. This plate is prolonged 
forwards as the roof of the canal for the tensor 
tympani (Fig. 18.13). 

Fig. 18.11 : Measurements 
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Figs 18.12a and b: (a) Scheme to show some relationships of 
the middle ear cavity, and (b) note that the cavity resembles a pistol 

2 In yotmg ch ildren, the roof presents a gap at the 
unossified petrosquamous sutme where the middle 
ear is in direct contact w ith the meninges. In adults, 
the suture is ossified and transmits a vein from the 
middle ear to the superior petrosal sinus. 

Floor or Jugular Woll 
The floor is fo rmed by a thin plate of bone which 
separates the middle ear from the superior bulb of the 
internal jugular vein. This plate is a part of the temporal 
bone (Fig. 18.13). 

EAR 

Near the medial wall, the floor presents the tympanic 
canaliculus which h·ansmits the tympanic branch of the 
glossopharyngeal nerve to the m edial wall of the 
middle ear. 

Anterior or Carotid Woll 
The anterior wall is narrow due to the approxim ation 
of the medial and lateral wa lls, and because of descent 
of the roof . 

The uppermost part of the anterior wa ll bears the 
opening of the canal for the tensor tympani. 

The middle part has the opening of the auditory tube. 
The inferior part of the wall is formed by a thin plate 

of bone which forms the posterior wall of the carotid 
canal. The pla te separa tes the midd le ear from the 
internal carotid artery. This plate of bone is perforated 
by the superior and inferior sympath etic carotico-
tympanic nerves and the tympanic branch of the internal 
carotid artery (Fig. 18.14). 

The bony septum between the canals for the tensor 
tympani and for the audito ry tube is continued 
posteriorly on the medial wall as a curved lamina called 
the processes coch/eariformis. Its posterior end forms a 
pulley around w hich the tendon of the tensor tympani 
turns laterally to reach the upper part of the handle of 
the malleus. 

Posterior or Mastoid Wall 
The posterior wall presents these featmes from above 
downwards. 
1 Superiorly, there is an opening or aditus through 

which the epitympanic recess communicates with the 
mastoid or tympanic antrum (Figs 18.12a and 18.13). 

2 The fossa incudis is a depression which lodges the 
short process of the incus. 
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Fig. 18.13: Scheme to show the landmarks on the medial wall of the middle ear. Some related structures are also shown 
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Fig. 18.14: Lateral wall of the middle ear viewed from the medial side 

3 A conical projection, called the pyramid, lies near the 
junction of the posterior and medial walls. It has an 
opening at its apex for passage of the tendon of the 
stapedius muscle. 

4 Lateral to pyramid and near the posterior edge of 
the tyro.panic membrane, is the posterior cnnaliculus 
for the chorda tympani through w hich the nerve enters 
the middle ear cavity (Fig. 18.14). 

Lateral or Membranous Wall 
1 The lateral wall separates the middle ear from the 

external acoustic meatus. It is formed: 
a. MainJy by the tyro.panic membrane along with the 

tyro.panic ring and sulcus. 
b. Partly by the squamous temporal bone, in the region 

of the epitympanic recess (Figs 18.13 and 18.5). 
2 ear the tympanic notch, there are two small apertures. 

a. The petrotympanic fissure lies in front of the upper 
end of the bony rim. It lodges the anterior process 
of the malleus and transmits the tympanic branch 
of the maxillary artery. 

b. The anterior canaliculus for the chorda tympani 
nerve lies either in the fissure or just in front of it. 
The nerve leaves the middle ear through this 
canaliculus to emerge at the base of the skull 
(Figs 18.5 and 18.14). 

Medial or Labyrinthine Wall 
The medial wall separa tes the middle ear from the 
internal ear. It presents the following features. 
1 The promontory is a rounded bulging produced by 

the first turn of the cochlea. It is grooved by the 
tympanic plexus (Fig. 18.13). 

2 The fenestra vestibuli is an oval opening postero-
superior to the promontory. It leads into the vestibule 
of the internal ear and is closed by the foot-p late of 
the stapes. 

3 The fenestra cochleae is a round opening at the bottom 
of a depression posteroinferior to the promontory. 
It opens into the scala tympani of the cochlea, and is 
closed by the secondary tympan ic membrane. 

4 The prominence of the facial canal runs backwards just 
above the fenes tra vestibuli, to reach the lower 
margin of the aditus. The canal then descends behind 
the posterior wall to end at the stylomastoid foramen . 

5 Prominence of lateral semicircular cana l above the 
facial canal. 

6 The sinus tympani is a depression behind the 
promontory, opposite the ampulla of the posterior 
semicircular canal. 

CONTENTS 
The middle ear contains the following. 
1 Three small bones or ossicles, namely the malleus, 

the incus and the s tapes. The upper half of the 
malleus, and the greater part of the incus lie in the 
epitympanic recess. 

2 Ligaments of the ea r ossicles. 
3 Two muscles, the tensor tympani and the stapedius. 
4 Vessels supplying and draining the middle ear. 
5 erves: Chorda tympani and tyro.panic plexus. 
6 Air. 

Ear Ossicles 
Ma/leus 
The malleus (Latin hammer) is so-called because it 
resembles a hammer. It is the largest, and the most 
laterally placed ossicle. It has the following parts: 
1 The rounded head lies in the epitympanic recess. It 

articulates posteriorly with the body of the incus. It 
provides attachment to the superior and lateral 
ligaments (Fig. 18.5). 



2 The neck lies against the pars flaccida and is related 
medially to the chorda tympani nerve (Fig. 18.14). 

3 The anterior process is connected to the petrotympanic 
fissure by the anterior ligament. 

4 The lateral process projects from the upper end of the 
handle and provides attachment to the malleolar folds. 

5 The handle extends downwards, backwards and 
medially, and is attached to the upper half of the 
tympanic membrane (Figs 18.4b and 18.14). 

lncus or Anvil 
It is so-called because it resembles an anvil, used by 
blacksmiths. It resembles a molar tooth and has the 
following parts: 
1 The body is large and bears an articular surface that 

is directed forwards. It articulates with the head of 
the malleus. 

2 The long process projects downwards just behind and 
parallel with the handle of the malleus. Its tip bears a 
lentiform nodule directed medially which articulates 
with the head of the stapes (Figs 18.9 and 18.15). 

Stapes 
This bone is so-called because it is shaped like a stirrup. 
It is the smallest, and the most medially p laced ossicle 
of the ear (Fig. 18.15). 

It has the following parts: 
a. The small head has a con cave fa ce t which 

articulates with the lentiform nodule of the incus. 
b. The narrow neck provides insertion, posteriorly, 

to the thin tendon of the stapedius. 
c. Two limbs or crura; anterior, the shorter and less 

curved; and posterior, the longer whid1 diverge 
from the neck and are attached to the footplate. 

d. The footplate, a footpiece or base, is ova l in shape, 
and fits into the fenestra vestibuli. 

Joints of the Ossicles 
1 The incudomalleolar joint is a saddle joint. 
2 The incudostapedial joint is a ball and socket joint. Both 

of them are synovial joints. They are surrounded by 
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Fig. 18.15: Ossicles of the left ear, seen from the medial side 

capsular ligaments. Accessory ligaments are three 
for the malleus, and one each for the incus and the 
stapes which stabilize the ossides. All ligaments are 
extremely elastic (Fig. 18.15). 

Muscles of the Middle Ear 
There are two muscles, the tensor tympani and the 
stapedius. Both act simultaneously to damp down the 
intensity of high-pitched sound waves and thus protect 
the internal ear (Fig. 18.8). 

The tensor tympani lies in a bony canal that opens at 
its lateral end on the anterior w.all of the middle ear, 
and at the medial end on the base of the skull. The 
auditory tube lies just below this canal. 

The muscle arises from the wails of the canal in which 
it lies. Some fibres arise from the cartilaginous part of 
the auditory tube and some from. the base of the skull. 

The muscle ends in a tendon which reaches the 
medial wall of the middle ear and bends sharply around 
the processus cochleariformis. It then passes laterally 
across the tympanic cavity to be inserted into the handle 
of the malleus. 

The tensor tympani is supplied by the mandibular nerve. 
The fibres pass through the nerve to the medial ptery-
goid, and through the otic ganglion, without any relay. 

It develops from the mesoderm of first branchial arch. 
The stapedius lies in a bony canal that is related to 

the posterior wall of the middle ear. Posteriorly, and 
below, this canal is continuous with the vertical part of 
the canal for the facial nerve. Anteriorly, the canal opens 
on the summit of the pyramid. 

The muscle arises from the walls ,of this canal. Its tendon 
emerges through the pyramid and passes forwards to be 
inserted into the posterior surface of the neck of the stapes. 

The stapedius is supplied by the facial nerve. It 
develops from the mesoderm of the second branchial arch. 

Arterial Supply 
The main arteries of the middle ear are as follows. 
1 The anterior tympanic branch of the maxillary artery 

which enters the middle ear through the petro-
tympanic fissure. 

2 The posterior tympanic branch of the stylomastoid 
branch of the posterior a uricu la r artery which enters 
through the stylomastoid foramen. 

3 Petrosal and superio r tympanic branches of middle 
meningea l artery. 

4 Branches of ascending pharyngeal artery. 
5 Tympanic branches of internal carotid artery. 

Venous Drainage 
Veins from the middle ear dra in in to the superior 
petrosal sinus and the pterygoid p lexus of the veins. 
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Lymphatic Drainage 
Lymphatics pass to the preauricular and retro-
pharyngeal lymph nodes. 

Nerve Supply 
The nerve supply is derived from the tympanic plexus 
which lies over the promontory. The plexus is formed 
by the following. 
1 The tympanic branch of the glossopharyngeal nerve. 

Its fibres are distributed to the mucous membrane 
of the middle ear, the auditory tube, the mastoid 
antrum and air cells. It also gives off the lesser 
petrosal nerve. . 

2 The superior and inferior caroticotymparnc nerves 
arise from the sympathetic plexus around the 
internal carotid artery. These fibres are vasomotor 
to the mucous membrane. 

FUNCTIONS OF THE MIDDLE EAR 
1 It transmits sound waves from the external ear to 

the internal ear through the chain of ear ossicles, and 
thus transforms the air-borne vibrations from the 
tympanic membrane to liquid-borne vibrations in the 
internal ear. 

2 The intensity of the sound waves is increased ten 
times by the ossicles. It may be noted that the 
frequency of sound does not change. 

TYMPANIC OR MASTOID ANTRUM 

DISSECTION 
Clean the mastoid temporal bone off all the muscles 
and identify suprameatal triangle and supramastoid 
crest. Use a fine chisel to remove the bone of the triangle 
till the mastoid antrum is reached. Examine the extent 
of mastoid air cells. 

Remove the posterior and superior walls of external 
auditory meatus till the level of the roof of mastoid 
antrum. Identify the chorda tympani nerve at the 
posterosuperior margin of tympanic membrane. 

Look for arcuate eminence on the anterior face of 
petrous temporal bone. Identify internal acoustic meat~s 
on the posterior face of petrous temporal bone, with 
the nerves in it. Try to break off the superior part of 
petrous temporal bone above the internal acoustic 
meatus. Identify the facial nerve as it passes towards 
the aditus. Identify the sharp bend of the facial nerve 
with the geniculate ganglion. 

Identify the facial nerve turning posteriorly into the 
medial wall. Trace it above the fenestra vestibuli till it 
turns inferiorly in the medial wall of aditus. 

Identify facial nerve at the stylomastoid foramen. Try 
to break the bone vertically along the lateral edge of 

the foramen to expose the whole of facial nerve canal. 
Facial nerve is described in detail in Chapter 4, Voulme 4. 
Learn it from there. 

Break off more of the superior surface of the petrous 
temporal bone. Remove the bone gently. Examine the 
holes in the bone produced by semicircular canals and 
look for the semicircular ducts lying within these canals. 
Note the branches of vestibulocochlear nerve entering 
the bone at the lateral end of the meatus. Study the 
internal ear from the models in the museum. 

Features 
Mastoid antrum is a small, circular, air filled space 
situated in the posterior part of the petrous temporal 
bone. It is of adult size at birth, size of a small pea, or 
1 cm in diameter and has a capacity of about one 
milliliter (Fig. 18.13). 

BOUNDARIES 
1 Superiorly: Tegmen tympani, and beyond it the 

temporal lobe of the cerebrum. . . 
2 Inferiorly: Mastoid process containing the mastmd au 

cells. 
3 Anteriorly: It communicates with the epitympanic 

recess through the aditus. The aditus is related 
medially to the ampullae of the superio~ and lateral 
semicircular canals, and posterosu penorly to the 
facial canal. 

4 Posteriorly: It is separated by a thin plate of bone from 
the sigmoid sinus. Beyond the sinus there is the 
cerebellum. 

5 Medially: Petrous temporal bone. 
6 Laterally: It is bounded by part of the squamous 

temp ora I bone. This part corresponds to the 
suprmneatal triangle seen on the surface of the bon_e. 
This wall is 2 mm thick at birth, but increases m 
thickness at the rate of about 1 mm per year up to a 
maximum of about 12 to 15 mm. 

MASTOID AIR CELLS 
Mastoid air cells are a series of intercommunicating 
spaces of variable size present ~ithin the ma~toid 
process. Their number varies cor~s1derably. Sometimes 
there are just a few, and are confined to the upper part 
of the mastoid p rocess. Occasionally, they may extend 
beyond the mastoid process into the squamous or 
petrous parts of the temporal bone (Fig. 18.12). 

Vessels, Lymphatics and Nerves 
Th.e mastoid antrum and air cells are supplied by the 
posterior hJmpanic artery derived from the stylo;111asto~d 
branch of the posterior auricular artery. The vems dram 
into the mastoid emissary vein, the posterior auricular 
vein and the sigmoid sinus. 



Lymphatics pass to the postauricular and upper deep 
cervical lymph nodes. 

Nerves are derived from the tympanic plexus formed 
by the glossopharyngeal nerve and from the meningeal 
branch of the mandibular nerve. 

CLINICAL ANATOMY 

• Fracture of the middle cranial fossa breaks the roof 
of the middle ear, rupture the tympanic 
membrane, and thus cause bleeding through the 
ear along with discharge of CSF. 

• Throat infections commonly spread to the middle 
ear through the auditory tube and cause otitis 
media. The pus from the middle ear may take one 
of the following courses: 
a. It may be d isch arged into the external ear 

fo llowing rupture of the tympanic membrane. 
b. It may erode the roof and spread upwards, 

causing meningitis and brain abscess. 
c. It may erode the floor and spread downwards, 

causing thrombosis of the sigmoid sinus and 
the internal jugular vein (Fig. 18.16). 

d . It may s pread backwards, causing mas toid 
abscess (Fig. 18.3). 

Chronic otitis media and mastoid abscess are 
responsible for persistent discharge of pus 
through the ear. Otitis media is more common in 
children than in adults. 

• Inflammation of the auditory tube (eustachian 
catarrh) is often secondary to an attack of common 
cold. This causes pain in the ear which is aggravated 
by swallowing, due to blockage of the tube. Pain is 
relieved by installa tion of decongestant drops in 
the nose which helps to open the ostium. 

• Otosclerosis: Sometimes bony fusion takes place 
between the foot plate of the stapes and the 

- - -----+- Oval 
window 

(a) 

EAR 

margins of the fenestra vestibuli. This leads to 
deafness. The condition may be surgically corrected 
by p utting a prosthesis (Figs 18.17a and b). 

• Mastoid abscess is secondary to otitis media. It 
is difficult to treat. A proper drainage of pus from 
the mastoid requires an operation through the supra-
meatal triangle. The facial nerve should not be 
injured during this operation (Fig. 18.18). 

• Infection from the mastoid antrum an d air cells 
can spread to any of the s tructures related to them 
including the temporal lobe of the cerebrum, the 
cerebellum, and the sigmoid sinus. 

• The ear on infected side is displaced laterally and 
can be appreciated from the back. 

• Hyperacusis: Due to paralysis of stapedius muscle, 
movements of stapes are dampened; so sounds 
get distorted and get too high in volume. This is 
called hyperacusis. 

Pharyngo-
tympanic 

tube 

Internal carotid 
artery 

- -- Aditus to 
antrum 

--- Thrombosis 
of sigmoid 
sinus and 
internal 
jugular vein 

Fig. 18.16: Otitis media causing thrombosis of the sigmoid 
sinus and the internal jugular vein 

~'--'-- -+- Prosthesis 
in place 

(b) 

Figs 18.17a and b: (a) Otosclerosis, and (b) treated by a prosthesis 
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Facial 
nerve 

Tympanic membrane 
Pharyngotympanic tube 
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.!J~----Stylomastoid 
fora men 
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Fig. 18.18: Chances of injury to facial nerve during mastoid 
operation 

INTERNAL EAR 

The internal ear, or labyrinth, lies in the petrous part of 
the temporal bone. It consists of the bony labyrinth 
within which there is a membranous labyrinth. The 
membranous laby rinth is filled with a fluid called 
endolymph. It is separated from the bony labyrinth by 
another fluid called the perilymph. 

BONY LABYRINTH 
The bony labyrinth consists of three parts: 
• Cochlea, anteriorly. 
• Vestibule, in the middle. 
• Semicircular canals, posteriorly (Fig. 18.19). 

Cochlea 
The bony cochlea resembles the shell of a common snail. 
It forms the anterio r part of the labyrinth. It has a conical 

Crus commune 

Elliptical recess 

Opening of aqueduct ___ ./ 
of cochlea 

central axis known as the modiolus around which the 
cochlear canal makes two and thr1~e quarter turns. 

The modiolus is directed forwards and laterally. Its 
apex points towards the anterosuperior part of the 
medial wall of the middle ear and the base tow ards the 
fundus of the internal acoustic meatus. 

A spiral ridge of the bone, the spiral lamina, projects 
from the modiolus and partially ,divides the cochlear 
canal into the scala vestibuli above, and the scala 
tympani below. These relationships apply to the lowest 
part or basal turn of the cochlea. The division between 
the two passages is completed by the basilar membrane. 
The scala vestibuli communicates with the scala 
tympani at the apex of the cochlea by a small opening, 
called the helicotrema. 

Vestibule 
This is the central part of the bony labyrinth. It lies 
medial to the middle ear cavity. Its lateral wall opens 
into the middle ear at the fenesb:a vestibuli which is 
closed by the footplate of the stapes. 

Three semicircular canals open into its posterior wall. 
The medial wall is related to the internal acoustic 
meatus, and presents the spherical recess in front, and 
the elliptical recess behind. The two recesses a re 
separated by a vestibular crest whi,ch splits inferiorly to 
enclose the cochlear recess (Fig. 18.19). 

Just below the elliptical recess, there is the opening 
of a diverticulum, the aqueduct olf the vestibule which 
opens at a narrow fissure on the posterior aspect of the 
petrous temporal bone, posterolateral to the interna l 
acoustic meatus. It is plugged in life by the ductus 
endolymphaticus and a vein; no perilymph escapes 
through it. 

.-----Anterior s1~micircular canal 

Lateral semicircular canal 

Posterior :semicircular canal 

Opening of aqueduct of vestibule 

Cochlear recess 
Fig. 18.19: Scheme to show some features of the bony labyrinth (seen from the lateral! side) 



Semicircular Canals 
There are three bony semicircular canals: (1) An anterior 
or superior, (2) posterior, and (3) lateral; each has two 
ends. They lie posterosuperior to the vestibule, and are 
set at right angles to each other. Each canal describes 
two-thirds of a circle, and is dilated a t one end to form 
the ampulla. These three canals open into the vestibule 
by five openings. 

The anterior or superior semicircular canal lies in a 
vertical plane at right angles to the long axis of the 
petrous temporal b one. It is convex upwards. Its 
position is indicated by the arcuate eminence seen on 
the anterior surface of the petrous temporal bone. Its 
ampulla is situated anterolaterally. Its posterior end 
unites with the upper end of the posterior canal to form 
the crus commune w hich opens into the medial wall of 
the vestibule. 

The posterior semicircular canal also lies in a vertical 
plane parallel to the long ax.is of the petrous temporal 
bone. It is convex backwards. Its ampulla lies at its 
lower end. The upper end joins the anterior canal to 
form the crus commune. 

The lateral semicircular canal lies in the horizontal 
plane with its convexity directed posterolaterally. The 
ampulla lies anteriorly, close to the ampulla of the 
anterior canal. 

Note that the lateral semicircular canals of the two 
sides lie in the same plane. The anterior canal of one 
side lies in the plane of the posterior canal of the other 
side (Figs 18.19 and 18.20). 

MEMBRANOUS LABYRINTH 
It is in the form of a complicated, but continuous closed 
cavity filled with endolymph. The epithelium of the 
membranous labyrinth is specialized to form receptors 
for sound, i.e. organ of Corti; for static balance, the 
maculae; and for kinetic balance, the cris tae. 

Anterior (superior) 
/ '-.... 

~Posterior ~ 

L----- - - Lateral --------' 
Fig. 18.20: The semicircular canals 

Like the bony labyrinth, the membranous labyrinth 
also consists of three main parts:: 

a. The spiral duct of the cochlea or organ of Corti, 
an teriorly. 

b. The utricle and saccule with maculae, the organs 
of static balance, within the vestibule. 

c. The semicircular ducts with cristae, the organs of 
kinetic balance, posteriorly (Fig. 18.21). 

Duct of the Cochlea or the Sca'la Media 
The spiral duct occupies the middle part of the cochlear 
canal between the scala vestibuli and the scala tympani. 
It is triangular in cross-section. The floor is formed by the 
basilar membrane; the roof by the vestibular or Reissner's 
membrane; and the outer wall by the bony wall of the 
cochlea. The basilar membrane supports the spiral organ 
of Corti which is the end organ for hearing (Fig. 18.22). 
It comprises rods of Corti and hair cells. Hair is embe-
dded in a gelatinous membrane called the membrana 
tectoria. The organ of Corti is innervated by peripheral 
processes of bipolar cells located in the spiral ganglion. 
This ganglion is located in the spiral canal present within 
the modiolus at the base of thespirallamina. The central 
processes of the ganglion cells foirm the cochlear nerve. 

Posterio rly, the duct of the cochlea is connected to 
the saccule by a narrow ductus reunions. 

The sound waves reaching the endolymph through 
the vestibular membrane make appropriate parts of the 
basilar membrane vibrate, so that different parts of the 
organ of Corti are stimulated by different frequencies 
of sound. The loudness of the sound depends on the 
amplitude of vibration. 

Saccule and Utricle 
The saccule lies in the anteroinferior part of the vestibule, 
and is connected to the basal turn of the cochJear duct 
by the ductus reunions. 

The utricle is larger than the saccule and lies in the 
posterosuperior part of the vestibule. It receives the ends 
of three semicircular ducts through five openings. The 
duct of the saccule unites with the duct of the utricle to 
form the ductus endolymphaticus. The ductus endo-

\ Maculae 

• Cristae 

Duct of cochlea 

Utricle---

Endolymphatic ---- .L.-.1-
duct and sac 

-- _.,,--- Anterior 
semicircular 
duct 

Posterior 
semicircular 
duct 

,___,.,'-ff- Lateral 
semicircular 
duct 

~---- Utriculosaccular 
duct 

Fig. 18.21 : Parts of the membranous labyrinth (as seen from 
the lateral side) 
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Spiral ganglion with 
bipolar neurons 

Cochlear nerve 

~ --------- Tunnel between 
rods of Corti 

Spiral ligament 

Inner hair cells 
Fig. 18.22: Schematic section through one turn of the cochlea 

ly mpha ticus ends in a dila tation, the saccus 
endolymphaticus. The ductus and saccus occupy the 
aqueduct of the vestibule. 

The medial wa lls of the saccule and u t ricle are 
thickened to form a macula in each chamber . The maculae 
are end organs that give information about the position 
of the head. They are static balance receptors. They are 
su ppl ied by peripheral processes of neurons in the 
vestibular ganglion (see Fig. 4.42, Volume 4). 

Saccule gets sti mulated by vertical linear motions, 
e.g. going in " lift" . Utricle gets stimulated by horizontal 
linear motion, e.g. going in car. 

Semicircular Ducts 
The three semicircular ducts lie within the corresponding 
bony canals. Each d uct has an ampulla corresponding to 
that of the bony canal. In each ampulla, there is an end 
organ called the ampullary crest or crista or cupola (see 
Fig. 4.43, Volume 4). Cristae respond to pressure changes 
in the endolymph caused by movements of the head . 

BLOOD SUPPLY OF LABYRINTH 
The a rte r ial s up p ly is de rived main ly from th e 
labyri n thine bran ch o f the basilar ar tery w h ich 
accompanies the vestib ulocochlear nerve; and partly 
from the stylomastoid branch of the posterior auricula r 
artery. 

Th e labyrinthine vein drains in to the superior 
petrosal sinus or the transverse sinus. Other inconstant 
veins emerge a t differen t points and open separately 
into the superior and inferior petrosal s inuses and the 
internal jugular vein. 

DEVELOPMENT 
l Extemal auditory meat us: Dorsal part of 1st ectodermal 

cleft. 
2 Auricle: Tubercles appearing on 1st and 2nd branchial 

arches around the opening of external auditory meatus. 
3 Middle ear cavity and auditory tube: Tubotympanic 

recess (see Tables A.6 and A.7 in Appendix). 
4 Ossie/es 

a. Malleus and inc11s: From 1st arch cartilage. 
b. Stapes: From 2nd arch cartilage (see Table A.5 in 

Appendix). 
5 M11scles 

a. Tensor tympani: From 1st pharyngeal arch mesoderm. 
b. Stapedi11s: From 2nd pharyngeal arch mesoderm. 

6 Me mbranous labyrinth from ectodermal vesicle on 
each side of hindbrain vesicle. Org an of Corti-
ectodermal. 

Vestibulocochlear Nerve 
This nerve is d escribed in Chapter 4, Volume 4. 

CLINICAL ANAT 

• Endolymph is produced by sbriae vascularis . This 
process requires melanocytes . The d isorders of 
melanocytes , i.e. albinism, are associated with 
deafness. 

• Acous tic neuroma is a tum our of Schwarm cells of 
VIlI nerve. If neuroma extend s into internal auditory 
meatus, VII nerve will get pressed. There will be 
Vill nerve paralysis and VII nerve paralysis as well. 

• Reasons of earache are depicted in Flowchart 18.1. 



Flowchart 18.1: Reasons of earache 

Dental causes (impacted 
wisdom tooth, caries, 

gingivitis, tooth abscess) 

Lesions of anterior 
2/3rds of tongue 

Temporomandibular 
joint lesions 

Via mandibular nerve V3 

Cervical spine lesions 
other neck lesions 
Geniculate herpes 

Via great 
auricular nerve 

and facial nerve 

Pharyngeal lesions 
Via I (malignancy. foreign body, abscess) 

+-- LarynfIeal lesions 
(malignancy, inflammation) 

Via glossopharyngeal nerve •4------

Tonsillar lesions 
(inflammations, abscess. 

malignancy) 

Tongue-posterior 
113rd lesions 

(malignancy, ulcer) 
Nasopharynx lesions 
(malignancy, adenoid) 

Mnemonics 
Ear: Bones of middle ear M /Ss 

M-Malleus 
1-lncus 
Ss-Stapes 

• Tympanic membrane develops from ectoderm, 
mesoderm and endoderm 

• Outer aspect of tympanic membrane is supplied 
by part of V and X nerves 

• Syringing the ear may cause slowing of the heart 
rate and feeling of nausea. 

• Ma lieus and inc us develop from 1st pharyngeal 
arch, while stapedius develops from second 
pharyngeal arch. 

• Tensor tympani develops from 1st arch and is 
supplied by V3, while s tapedius develops from 
2nd arch and is supplied by VU nerve 

• Suprameatal triangle (Macewen's triangle) demar-
cates the position of mastoid antrum at a depth of 
12- 13 mm in adult. 

• Eustachian tube equalizes the pressure on both 
sides of the tympanic m embrane. This tube 
connects the nasopharynx to the anterior wall of 
middle ear. 

• Malleus, incus and stapes are bone within bone, as 
these 3 bony ossicles lie within the petrous 
temporal bone. 

• There are 2 synovial joints between these three 
bony ossicles, which are fully developed at birth. 

• Ear is an engineering marvel 
• One may slowly become deaf to soft sounds, if one 

is continuously exposed to lot of loud sounds. 

CLINICOANATOMICA PROBLEM 

A young boy has only deformity of the auricle / 
pinna. No treatment is done a.ndl he is fine in s tudies, 
games, etc. 
• What are the uses of the auricle? 
• Name its nerve supply. 
Ans: There is hardly any medical use of the pinna in 
human. It is mainly cosmetic. However, there are 
other uses. These are: 
• Lobule, the lowest part of auricle is used for 

wearing ear rings of different shape, size, colour 
and quality. 

• It is used for supporting glasses. Nature knew 
million of years ago that human would need 
glasses, and the auricles were not removed. 

• A small bit of skin is taken to examine lepra bacilli 
• Hairy pinna is the only symptom of Y chromosome 
• Pinna used to be pulled as a part of punishment 

for disobedience. 
Nerve supply: Medial surface in its upper two-

thirds part is supplied by lesser occipital and in its 
lower one-third part by great auricular. Lateral surface 
in its upper two-thirds part is supplied by au.riculo-
temporal nerve and in its lower one-third part by great 
auricular again. 
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FREQUENTLY ASKED QUESTIONS 

1. Discuss the middle ear under the following headings. 2. Write short notes on: 

a. Walls a. Tympanic membrane 

b. Ossicles 

c. Muscles 

b. Contenlts of middle ear 
c. Chorda tympani nerve 
d. Parts of internal ear 

d . Clinical anatomy e. Cochlear duct 

MULTIPLE CHOICE QUESTIONS 

1. Tegmen tympani forms the roof of the following 
except: 

4. Which of the following nerves supplies the outer 
aspect of the tympanic membrane? 

a. Mastoid antrum a. Auricular branch of vagus 

b. Tympanic cavity 
c. Canal for tensor tympani 
d. Internal auditory meatus 

b. Greater occipital 
c. Lesser occipital 
d . Anterior ethmoidal 

2. Which nerve supplies stapedius muscle? 
5. Which of the following nerves supplies middle ear 

cavity? 
a. Oculomotor b. Trochlear a. Facial b. Trigeminal 
c. Trigeminal d. Facial c. Glossopharyngeal d . Vagus 

3. By how many openings do the semicircular canals 
open in the vestibule? 

6. Deriva tives of all the germ layers; ectoderm, 
mesoderm and endoderm are present in: 

a. 3 b. 5 
C. 4 d. 2 

1.d 2.d 3. b 4. a 

a. H eart b . Tympanic membrane 
c. Cornea d. Urachus 

ANSWERS 
5. C 6. b 

NOISE POLLUTION 
"Noise pollution leads to mind body suffering 

Plug the ears, decrease volume, seek policing 

Sweet soft "lecture" induces happy sl€ieping 
Loud prolonged noise causes auditory crippling 

One should not even mind job changing 
But do not, at any cost lose your hearing 

Lest one's very dear cell phone 
One would not be hearing" 



CHAPTER 

19 

INTRODUCTION 
Sense of sight perceived through retina of the eyeball 
is one of the five special senses. Its importance is 
obvious in the varied ways of natural protection. Bony 
orbit, projecting nose and various coats protect the 
precious retina. Each and every component of its three 
coats is assisting the retina to focus the light properly. 
Lots of advances h ave been made in correcting the 
defects of the eye. Eyes can be donated at the time of 
death, and a "will" can be prepared accordingly. 

About 75% of afferents reach the brain through the 
eyes. Adequate rest to eye muscles is important. A good 
place for rest could be the "classroom" where palpebral 
part of orbicularis oculi closes the eyes gently. The 
eyeball is the organ of sight. The camera closely 
resembles the eyeball in its structure. It is almost 
spherical in shape and has a diameter of about 2.5 cm. 
Eyeball is made up of three concentric coats. The outer 
or fibrous coat comprises the sclera and cornea. The 
middle or vascular coat also called the uveal tract consists 
of choroid, the ciliary body and the iris. The inner or 
nervous coat is the retina (Fig. 19.1). 

Light entering the eyeball passes through several 
refracting media. From before backwards these are the 
cornea, the aqueous humour, the lens and the vitreous 
body . 

OUTER COAT 

DISSECTION 
Use the fresh eyeball of the goats for this dissection. 
Clean the eyeball by removing all the tissues from its 
surface. Cut through the fascial sheath around the margin 
of the cornea. Clean and identify the nerve with posterior 
ciliary arteries and cil iary nerves close to the posterior 
pole of the eyeball. Identify venae vorticosae piercing 
the sclera just behind the equator (refer to BOC App). 

299 

Eyeball 

Incise only the sclera at the equator and then cut 
through it all around and carefully strip it off from the 
choroid. Antieriorly, the ciliary muscles are attached to 
the sclera, offering some resistance. As the sclera is 
steadily separated, the aqueous humour will escape 
from the anterior chamber of the eye. On dividing the 
optic nerve ·fibres, the posterior part of sclera can be 
removed. 

SCLERA 
The sclera (s·kleros = hard) is opaque and forms the 
posterior five-sixths of the eyeball. It is composed of 
dense fibrous tissue which is firm and maintains the 
shape of the eyeball. It is thickest behind, near the 
entrance of the optic nerve, and thinnest about 6 mm 
behind the sclerocorneal junction where the recti 
muscles are inserted. However, it is weakest a t the 
entrance of the optic nerve. Here the sclera sh ows 
numerous perforations for passage of fibres of the optic 
nerve. Because of its sieve-like appearance, this region 
is called the lamina cribrosa (crib = sieve). 

The outer surface of the sclera is white and smooth, it 
is covered by Tenon's capsule (see Fig. 13.3). Its anterior 
part is covered by conjunctiva through which it can be 
seen as the white of the eye. The inner surface is brown 
and grooved for the ciliary nerves and vessels. It is 
separated from the ch oroid by the perichoroidal space 
which contains a delicate cellular tissue, termed the 
suprachoroidaJ lamina or lamina fusca of the sclera. 

The sclera is continuous anteriorly with the cornea 
at the sclerocorneal junction or limbus (Fig. 19.1). The deep 
part of the limbus contains a circular canal, known as 
the sinus vmosus sclerae or the canal of Schlemm. The 
aqueous humour drains into the anterior scleral or 
ciliary veins through this sinus. 

The sclera is fused posteriorly with the dural sheath 
of the optic nerve. It provides insertion to the extrinsic 



111111 HEAD AND NECK 

Ciliary muscle-----+-1-,<---A'- i 

Sinus venosus sclerae -----.''--ll• 

Cornea 

Lens 

Iris 

Posterior chamber 

Suspensory ligament 

Ciliary processes 

Fig. 19.1: Sagittal section through the eyeball 

muscles of the eyeball: The recti in front of the equator, 
and the oblique muscles behind the equator. 

The sclera is pierced by a number of s tructures: 
a. The optic nerve pierces it a little inferomedial to 

the posterior pole of the eyeball. 
b . The ciliary nerves and arteries pierce it around the 

entrance of the optic nerve. 
c. The anterior ciliary arteries derived from muscular 

a rteries to the recti pierce it near the lirnbus. 
d . Four venae vorticosae or the choroid veins pass out 

through the sclera jus t behind the equa tor 
(Figs 19.2 and 19.3). 

The sclera is almost avascular . H owever, the loose 
connective tissue between the conjunctiva and sclera 
called as the episclera is vascular. 

Short posterior +.r-:::i-----'-'---.::::::;;;;,p.., 
ciliary arteries 

Venae vorticosae 

Optic 
nerve 

Lateral 
rectus 

:/r-y--- Inferior 
oblique 

Fig. 19.2: Structures piercing the posterior aspect of the eyeball 

CORNEA 

DISSECTION 
Identify the cornea. Make an incision around the 
corneoscleral junction and remov1:i the cornea so that 
the iris is exposed for examination. Identify the middle 
coat comprising choroid, ciliary body and iris deep to 
the sclera. Lateral to iris is the ci liary body with ci liary 
muscles and ciliary processes. 

Strip off the iris, ciliary proces:ses, anterior part of 
choroid. Remove the lens and put it in water. As the 
lens is removed, the vitreous body also escapes. Only 
the posterior part of choroid and subjacent retina is left. 

Features 
The cornea is transp arent. It rep laces the sclera over 
the anterior one-sixth of the eyeball. Its junction with 
the sclera is called the sclerocomea1 junction or limbus. 

The cornea is more convex than the sclera, but the 
curvature diminishes w ith age. It is sepa rated from the 
iris by a space called the anterior chamber of the eye. 

The cornea is avascular and is nourished by lymph 
which circula tes in the numerous corneal spaces and 
by the lacrimal fluid. 

It is supplied by branches of the ophthalmic nerve 
and the sh ort cilia ry n e rves (through th e ciliar y 
ganglion). Pain is the only sensation aroused from the 
cornea. 

Histology 
Structurally, the cornea consists of these layers, from 
before backwards: 
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Fig. 19.3: Structures piercing the eyeball seen in a sagittal section 

1 Corneal epithelium (s tratified squamous non-
keratinized type) (Fig. 19.4). 

2 Bowman's membrane or anterior elastic lamina. 
3 The substantia propria. 
4 Descemet's membrane or posterior elastic lamina. 
5 Simple squamous mesothelium. 

Stratified--- ---:,;a8!'fflmla•RD, 
squamous 
epithelium 

___ ,,__ Substantia 
Bowman's __,___~ 
membrane 

Posterior----'-<--~ 
epithelium 

• Stratified squamous epithelium 
• Substantia propria is thick 

propria 

Descemet's 
membrane 

• Descemet's membrane next to posterior epithelium 

Fig. 19.4: Histology of cornea 

CLINICAL ANATOMY 

• Cornea can be grafted from one person to the 
other, as it is avascular. 

• Injury to cornea may cause opacities. These 
opacities may interfere with vision. 

• Eye is a very sensitive organ and even a dust 
particle gives rise to pain. 

• Bulbar conjunctiva is vascular. Inflammation of 
the conjunctiva leads to conjunctivitis. The look 
of palpebral conjw1etiva is used to judge haemo-
globin level. 

• The anternposterior diameter of the eyeball and 
shape and curvature of the cornea determine the 
focal point. Changes in these result in myopia or 
short-sightedness, h yp ermetropia or long-
sightedness (Fig. 19.5). 

Normal eye 

=0 =il=@ 
Myopia Myopia corrected ru 

Hypermetropia Hypermetropia corrected 

Fig. 19.5: Optical defects 
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MIDDLE COAT 

CHOROID 
Choroid is a thin pigmented layer which separa tes the 
posterior part of the sclera from the retina. Anteriorly, 
it ends at the ora serrata by merging with the ciliary 
body. Posteriorly, it is perforated by the optic nerve to 
which it is firmly attached. 

Its outer surface is separated from the sclera by the 
suprachoroidal lamina which is traversed by the ciliary 
vessels and nerves. Its attachment to the sclera is loose, 
so that it can be easily stripped. The inner surface is 
firmly united to the retina. 

Structurally, it consists of: 
a. Suprachoroid lamina. 
b. Vascular lamina. 
c. The choriocapillary lamina. 
d . The inner basal lamina or membrane of Bruch. 

CILIARY BODY 
Ciliary body is a thickened part of the uveal tract lying 
just posterior to the corneal limbus. It is continuous 
anteriorly with the iris and posteriorly with the choroid. 
It suspends the lens and helps it in accommoda tion for 
near vision. 
1 The ciliary body is triangular in cross-section. It is 

thick in front and thin behind (Fig. 19.6). The scleral 
surface of this body contains the ciliary muscle. The 
posterior part of the vitreous surface is smooth and 
black (pars plana). The anterior part is ridged 
anteriorly (pars plicata) to form about 70 ciliary 
processes. The central ends of the processes are free 
and rounded. 

2 Ciliary zonule is thickened vitreous membrane fitted 
to the posterior surfaces of ciliary processes (Fig. 19.7). 

The posterior layer lines hyaloid fossa and anterior thick 
layer form the suspensory ligament of lens (Fig. 19.6). 

3 The ciliary muscle (Fig. 19.6) is a ring of unstriped 
muscle which are longitudinal or meridional, radial 
and circular. The longitudinal or meridional.fibres arise 
from a projection of sclera or scleral spur near the 
limbus. They radiate backwards to the suprachoroidal 
lamina. The radial fibres are obliiquely placed and get 
continuous with the circular fibres. 
The circular fibres lie within the anterior part of the 
ciliary body a nd are nearest to the lens . The 
contraction of all the parts relaxes the suspensory 
ligament so that the lens becomes more convex 
(Fig. 19.6). AJI parts of the muscle are supplied by 
parasympathetic nerves. The pathway involves the 
Edinger-Westphal nucleus, oculomotor nerve and 
the ciliary ganglion (see Fig. A.2). 

IRIS 
1 This is the anterior part of the uveal tract. It forms a 

circular curtain with an opening in the centre, called 
the pupil. By adjusting the size o.f the pupil, it controls 
the amount of light entering the eye, and thus 
behaves like an adjustable diaphragm (Fig. 19.3). 

2 It is placed vertically between the cornea and the lens, 
thus divides the anterior segment of the eye into 
anterior and posterior chambers, both containing 
aqueous humour. Its peripheral margin is attached to 
the middle of the anterior surface of the ciliary body 
and is separated from the cornea by the iridocorneal 
angle or angle of the anterior ,chamber. The central 
free margin forming the boundary of the pupil rests 
against the lens (Fig. 19.1). 

3 The anterior surface of the iris is covered by a single 
layer of mesothelium, and the posterior surface by a 
double layer of deeply pigmented cells which are 

Anterior chamber-----------------

Dilator pupillae -----------,.-'-----

Canal of Schlemm-------...,.,,...-~ 

Outer pigmented layer 

~----Iris 

Sphincter p,upillae 

e:::::.iii.-~:..::::i:=-----+- Double layor of 
pigmented epithelium 

-----Lens 

'--------Posterior cl1amber 

'--------Suspensorv ligament of lens 

'----------Ciliary proc:esses 

Fig. 19.6: Components of ciliary body and iris 



'----:::,-....,r'----- Suspensory 
--------:-_ ligament 

Fig. 19.7: Anterior part of the inner aspect of the eyeball seen 
after vitreous has been removed 

continuous with those of the ciliary body (Fig. 19.6). 
The main bulk of the iris is formed by stroma made 
up of blood vessels and loose connective tissue in 
which there are pigment cells. The long posterior and 
the anterior ciliary arteries join to form the major 
arterial circle at the periphery of the iris. From this 
circle vessels converge towards the free margin of 
the iris and join together to form the minor arterial 
circle of the iris (see Fig. 13.10). 
The colour of the iris is determined by the number 
of pigment cells in its connective tissue. If the 
pigment cells are absent, the iris is blue in colour 
due to the diffusion of light in front of the black 
posterior surface. 

4 The iris contains a well-developed ring of muscle 
called the sphincter pupillae which lies near the margin 
of the pupil. Its nerve supply (parasympathetic) is 
similar to that of the ciliary muscle. The dilator pupillae 
is an ill-defined sheet of radial muscle fibres placed 
near the posterior surface of the iris. It is supplied 
by sympathetic nerves (Fig. 19.6). 

CLINICAL ANATOMY 

• While looking at infinite far the light rays run 
parallel; ciliary muscle is relaxed, suspensory 
ligament is tense and lens is flat (Fig. 19.8a). 

• While reading a book, the ciliary muscles contract 
and suspensory ligament is relaxed making the 
lens more convex (Fig. 19.86). 

• Human vision is coloured, binocular and three-
dimensional. Normally, right and left eyes are 
focused on one object (Fig. 19.9a). In squinting, 
fixing eye (F) focuses on the object, but the 
squinting eye (S) is "turned inwards" resulting in 
a convergent squint (Fig. 19.9b). 

EYEBALL 

Ciliary muscle 
Suspensory ligament 

t ::: ..... 
Retina .:..:-::::_·· ---------..... 

Flattened lens 

Far vision 

(a) 

Ciliary muscles contract 
Suspensory ligament 

relaxed 

Near vision 

Figs 19.Sa and b: (a) Relaxed ciliary muscles with flattened 
lens, and (b) contracted ciliary musclE3S with round lens 

L 0-------. ___ _ 
---------------:.:><!~ 

---· .0-----i; 
"8----------------,,,__,--' 

____ .,,,..-- ---------------® s0_/ (b) 

Figs 19.9a and b: (a) Normal eyes, and (b) in squinting eyes 

INNER COAT/R TINA 

1 This is the thin, delicate inner layer of the eyeball. It is 
continuous posteriorly with the optic nerve. The outer 
surface of the retina (formed by pigment cells) is 
attached to the choroid, while the inner surface is in 
contact with the hyaloid membrane (of the vitreous). 
Opposite the entrance of the optic nerve (infero-
rnedial to the posterior pole) there is a circular area 
known as the optic disc. It is 1.5 mm in diameter. 

2 The retina diminishes in thickness from behind 
forwards and is divided into optic, ciliary and iridial 
parts. The optic part of the retina contains nervous 
tissue and is sensitive to light. It extends from the 
optic disc to the posterior end of the ciliary bo?Y· 
The anterior margin of the optic part of the rehna 
forms a wavy line called the ora serrata (Fig. 19.1). 
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Beyond the ora serrata, the retina is continued 
forwards as a thin, non-nervous insensitive layer that 
covers the ciliary body and iris, forming the ciliary 
and iridial parts of the retina. These parts are made up 
of two layers of epithelial cells (Fig. 19.6). 

3 The depressed area of the optic disc is called the physio-
logical cup (Fig. 19.3). It contains no rods or cones 
and is therefore insensitive to light, i.e. it is the physio-
logical blind spot. At the posterior pole of the eye 3 mm 
lateral to the optic disc, there is another depression 
of similar size, called the macula lutea. It is avascular 
and yellow in colour. The centre of the macula is 
further depressed to form the fovea centralis. This is 
the thinnest part of the re tina. It contains cones only, 
and is the site of maximum acuity of vision (Fig. 19.3). 

4 The rods and cones are the light receptors of the eye. 
The rods contain a pigment called visual purple. They 
can respond to dim light (scotopic vision) . The 
periphery of the retina contains only rods, but the 
fovea has none a t all. The cones respond only to bright 
light (photopic vision) and are sensitive to colour. The 
fovea centralis has only cones. The ir number 
diminishes towards the periphery of the retina. 

5 The retina is composed of ten layers (Fig. 19.17): 
a. The outer pigmented layer. 
b . Layer of rods and cones. 
c. External limiting membrane. 
d. Outer nuclear layer. 
e. Outer plexiform layer. 
f. Inner nuclear layer (bipolar cells) 
g. Inner plexiform layer. 
h. Ganglion cell layer. 
i. Nerve fibre layer. 
j. The internal limiting membrane. 

6 The retina is supplied by the central artery. This is an 
end artery. In the optic disc, it divides into an upper 
and a lower branch, each giving off nasa l and 
temporal branches. The artery supplies the deeper 
layers of the retina up to the bipolar cells. The rods 
and cones are supplied by diffusion from the 
capillaries of the choroid. The retinal veins run with 
the arteries (Fig. 19.10, also see Figs 13.10 and 13.11). 

Superior - - -h:...,---;;;P~;;;;;aii~ 
temporal 

Macula lutea and - 1----~ 
fovea centralis 

Superior 
nasal 

::,. ...... -,,'t--t-Oplic 
disc 

, ..,~ +-- Inferior 
nasal 

Fig. 19.10: Distribution of central artery of the retina 

CLINICAL ANATOMY 

Retinal detachment occurs between outer single 
pigmented layer and inner nine nervous layers. 
Actually, it is an inter-retinal detachment. Silicone 
sponge is put over the detached retina, which is kept 
in position by a "band" (Figs 19.lla and b). 

Retinal tear Detached 
retina 

Encircling band 

Figs 19.11a and b: (a) Detached retina, and (b) banding of 
the retina 

AQUEOUS HUMOUR 

This is a clear fluid which fills the space between 
the cornea in front and the lens behind the anterior 
segment. This space is divided by the iris into anterior 
and posterior chambers which freely communicate with 
each other through the pupil. 

The aqueous humour is secreted into the posterior 
chamber from the capillaries in the ciliary processes. It 
passes into the anterior chamber through the pupil. 
From th.e anterior chamber, it is drained into the ante-
rior ciliary veins through the spaces of the iridocorneal 
angle or angle of anterior chamber (located between 
the fibres of the ligamentum pectinatum) and the canal 
of Schlemrn (Fig. 19.5). 

Interference w ith the drainage of the aqueous 
humour into the canal of Schlemm results in an increase 
of intraocula r pressure (glaucoma). This produces 
cupping of the optic disc and pressure a trophy of the 
retina causing blindness. 

The intra ocular pressure is due chiefly to the aqueous 
humour which maintains the constancy of the optical 
dimen sions of the eyeball. The aqueous is rich in 
ascorbic acid, glucose and amino acids, and nourishes 
the avascular tissues of the cornea and lens. 

CLINICAL ANATOMY 

Over production of aqueous humour or lack of its 
drainage or combination of both raise the in traocular 
pressure. The condition is called glaucoma. It must 
be treated urgently. 



LENS 

DISSECTION 
Give an incision in the anterior surface of lens and with 
a little pressure of fingers and thumb press the body of 
lens outside from the capsule. 

Features 
The lens is a transparent biconvex structure which is 
placed between the anterior and posterior segments of 
the eye. It is circular in outline and has a diameter of 1 cm. 
The central points of the anterior and posterior surfaces 
are ca lled the anterior and posterior poles (Fig. 19.12). 
The line connecting the poles constitutes the axis of the 
Jens, while the marginal circumference is termed the 
equator. The chief ad vantage of the lens is tha t it can 
vary its dioptric power. It contr ibutes about 15 dioptres 
to the total of 58 dioptric power of the eye. A dioptre is 
the in verse of the focal length in meters. A lens having 
a focal length of half meter has a power of two dioptres. 

The posterior surface of the lens is more convex than 
the anterior. The anterior surface is kept flattened by 
the tension of the suspensory ligam ent. Wh en the 
ligam ent is relaxed by contraction of the ciliary muscle, 
the anterio r s u rface becom es more convex d ue to 
elasticity of the lens subs tance. 

The lens is enclosed in a transparent, structureless 
e~astic capsule w hich is thickest ante riorly near the 
orcumference. Deep to capsule, the anterior surface of 
the lens is covered by a capsular epithelium. At the centre 
of the anterior surface, the epitheHum is m ade up of a 
single layer of cubical cells, but a t the periphery, the cells 
elongate to produce the fibres of the lens. The fibres are 

0 0 
0 

0 
00 

Anterior pole 

Fig. 19.12: The lens 
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concentrically arranged to form the lens substance. The 
centre (nucleus) of the lens is firm (and consists of the 
oldest fibres), whereas the periphery (cortex) is soft and 
is made up of more recently formed fibres (Fig . 19.12). 

The suspensory ligament of the lens (or the zonule of 
Zinn) retains the lens in position and its tension keeps 
the anterior surface of the lens flattened. The ligamen t 
is m ade up of a series of fibres which are a ttached 
p eripherally to the ciliary processes, to the furrows 
between the ciliary p rocesses, and to the ora serrata. 
Centrally, the fibres a re attached to the lens, mostly in 
front, and a few behind the equaltor (Fig. 19.5). 

CLINICAL ANAT 

• Lens becomes opaque with in creasing age 
(cataract). Since the opacities cause difficulty in 
vision, lens has to be replaced. 

• The cen tral artery of retina is an end-artery. 
Blockage of the artery leads to sudden blindness. 

• Left third nerve paralysis causes partial ptosis and 
dilated p upil. The cornea is turned downwards 
and outwards (Fig. 19.13). 

• Hom er's syndrome results in partial ptosis and 
miosis (Fig. 19.14). 

• In brainstem death, both the pupils are dila ted and 
fixed (Fig . 19.15). 

• Eye sees everyone. One can see the interior of the 
eye by ophthalmoscope. Through the ophth al-
moscope, one can see the small vessels in the retina 
and judge the changes in diabetes and hyper-
tension (Figs 19.16a and b). In addition, one can 
also examine the optic disc for evidence of pa pill o-
edema, caused by raised intracranial pressure. 

VITREOUS BO 
It is a colourless, jelly-like transparent mass which fills 
the posterior segment (posterior four-fifths) of th e 
eyeball. It is enclosed in a delicate homogeneous hyaloid 
membrane. Behind it is attached to the optic d isc, and in 
front to the ora serrata; in between it is free and lies in 
contact with the retina . The anterior surface of the 
vitreous body is indented by the lens and cilia ry 
p rocesses (Fig. 19.1). 

DEVELOPMENT 
Optic vesicle forms optic cup. It is an outpouching from 
the forebrain vesicle. 

Lens from lens placode (ectodermal) 
Retina-pigment layer from the outer layer of optic cup; 

nervous layers from the inner layer of optic cup. 
Choroid, sclera-mesoderm 
Cornea-surface ectoderm forms the epithelium, other 

layers develop from mesoderm. 
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Fig. 19.13: Left third nerve paralysis 

Fig. 19.14: Homer's syndrome in left eye 

Fig. 19.15: Brain stem death 

• Cornea is used for grafting or transplantation. 

• Sclera is pierced by number of structures including 
the optic nerve. 

• Choroid contains big capillaries. These nourish the 
layer of rods and cones of retina by diffusion. 

• Ciliary body contains ciliary muscles supplied by 
short ciliary nerves. These contract to relax the 
suspensory ligament of lens, so that the anterior 
surface oflens can become more convex for accom-
modation. 

• Iris contains a weak d ila tor p upillae a t the 
periphery, supplied by sympathetic fibres. It also 
contains a strong constrictor or sphincter pupillae 
near the pup illary margin. This is supplied by 
parasympathetic fibres relayed through ciliary 
gan glion. 

• Cen tral artery of retina is an "end artery" 

• Th.rough dila ted pupil one can see the state of 
blood vessels of the retina. 

\ 
Patient 

(CH----"'-- -,N-- Macula 

(b) 

lutea with 
fovea 
central is 

Figs 19.16a and b: (a) Procedure fo1r ophthalmoscopy, and 
(b) retina as seen by ophthalmoscope 

CLINICOANATOMICA PROBLEM 
A patient was diagnosed as a case oJf "retinal detachment" 
• Is retinal detachment, detachment of retina from 

the choroid? 
• Name the layers of retina with its blood supply. 
Ans: The retinal detachment is actually an inter-retinal 
detachment. The outer pigmented layer stays with 
choroid, while the inner nine lay,ers get detached and 
cause the problem. The outer lay,er is developed from 
the outer layer of optic cup whereas the inner layers 
arise from the inner layer of optic cup. The blood 
supply of the outer five layers is from choroidal 
arteries whereas those of the inner nervous layers is 
by the "central artery of retina", which is an absolute 
end artery. The layers of retina (Fig. 19.17) are: 

1. Outer pigmen ted layer 
2. Layer of rods and cones 
3. External limiting membrane 
4. Outer nuclear layer 
5. Outer plexiform layer 
6. Bipolar cell layer 
7. Inner plexiform layer 
8. Ganglionic cell layer 
9. Layer of optic nerve fibres 

10. Inner limiting membrane 
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Layer of rods and cones 

Pigment cell layer 
Six more layers of retina 
Optic nerve fibres and tv,10 membranes 

Fig. 19.17: Histological layers of the retina 

FREQUENTLY ASKED QUESTION 

1. Write short notes/enumerate: d. Layers of retina 
a. Cornea e. Ciliary muscles 
b. Choroid f . Lens 
c. Structures piercing the sclera g. Aqueous humour 

MULTIPLE CHOICE QUESTIONS 

1. Which of the following muscles does not develop 
from mesoderm? 
a. Muscles of heart b. Muscles of iris 
c. Delto id d. Superior rectus 

2. Which of the following nerves supplies the cornea? 
a. Supraorbital b. Nasociliary 
c. Lacrimal d. Jnfraorbital 

3. Parasympathetic fibres supply all the fo llowing 
muscles except: 
a. Constrictor pupillae 
b. Dilator pupillae 

c. Radial fibres of ciliaris muscle 
d. Circular fibres of ciliaris muscle 

4. Reti na consists of the following number of layers: 
a. Eight 
b. Ten 
c. N ine 
d. Eleven 

5. One of the following symptoms is not seen in 
Homer's syndrome: 
a. Partial ptosis b. Miosis 
c. Anhydrosis d . Exophthalmos 

ANSWERS 
1. b 2. b 3. b 4. b 5. d 
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20 
Surface Marking and 
Radiological Anatomy 
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INTRODUCTION 
The bony and soft tissue landmarks on the head, face 
and neck help in surface marking of various structures. 
These landmarks are of immense value to the clinician 
for locating the part to be examined or to be operated. 

SURFACE LANDMARKS 

LANDMARKS ON THE FACE 
Some important named features to be identified on the 
Hving face have been described in Chapter 2. Other 
landmarks are as follows. 
1 The supraorbital margin lies beneath the upper margin 

of the eyebrow. The supraorbital notch is palpable at 

Greater wing of sphenoid bone ---'-1~ 
(temporal and orbital surface) 

the junction of the medial one--third with the lateral 
two-thirds of the supraorbital margin (except in those 
cases in which the notch is converted into a foramen). 
A vertical line drawn from the supraorbital notch to 
the base of the mandible, passing midway between 
the lower two premolar teeth, crosses the infraorbital 
foramen 5 mm below the infraorbital margin, and 
the mental foramen midway between the upper and 
lower borders of the mandible (Fig. 20.1). 

2 The superciliary arch is a curved bony ridge situated 
immedia tely above the me dial part of each 
supraorbital margin. The glabella is the median 
elevation connecting the two superciliary arches and 
corresponds to the elevation between the two 
eyebrows. 

Coronal suture 

,.................,_,__ Lesser wing of sphenoid bone 

____ ......,_ __ Superior orbital fissure 

')...L,it-1,.,.:.....- a-f---Optic canal 

,.,,..._,L....\-- Inferior orbital fissure 
Zygomatic foramen - - -r~ 

'-.----J.-- Zygomaticomaxillary suture 

M'"/11!--il!J--- --,w=;F--l--Anterior nasal spine 

1'----1-J+--+----- lntermaxillary suture 

Fig. 20.1: Foramina in norma frontalis 
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Angle of mandible 



3 The nasion is the point where the internasal and 
frontonasal sutures meet. It lies a little above the floor 
of the depression at the root of the nose, below the 
glabella (Fig. 20.1). 

LANDMARKS ON THE LATERAL SIDE OF THE HEAD 
The external ear or pinna is a prominent feature on the 
lateral aspect of the head. The named features on 
the pinna are shown in Fig. 20.2. Other landmarks 
on the lateral side of the head are as follows. 
1 The zygomatic bone forms the prominence of the cheek 

at the inferolateral comer of the orbit. The zygomatic 
arch bridges the gap between the eye and the ear. It 

Tragus 

Lobule 

Auricular tubercle 
(Darwin's tubercle) 
Helix 

Fig. 20.2: Named features on the pinna 

External occipital protuberance 

Asterion --- , 

External acoustic meatus ________ _, 

SURFACE MARKING AND RADIOLOGICAL ANATOMY 

is formed anteriorly by the temporal process of the 
zygomatic bone, and posteriorly by the zygomatic 
process (zygoma) of the t,emporal bone. The 
preauricular point lies on the posterior root of the 
zygoma immediately in front of the upper part of 
the tragus (Fig. 20.3). 

2 The head of the mandible lies in front of the tragus. 
It is felt best during movements of the lower jaw. 
The coronoid process of the mandible can be felt below 
the lowest part of the zygomatic bone when the 
mouth is opened. The process can be traced 
downwards into the anterior border of the ramus of 
the mandible. The posterior border of the ramus, 
though masked by parotid gland, can be felt through 
the skin. The outer surface of the ramus is covered 
by the masseter which can be felt when the teeth are 
clenched. The lower border of the mandible can be 
traced posteriorly into the angle of the mandible 
(Fig. 20.3). 

3 The parietal eminence is the most prominent part of 
the parietal bone, situated far above and a little 
behind the auricle. 

4 The mastoid process is a large bony prominence 
situated behind the lower part of the auricle. The 
s11pramastoid crest, about 2.5 cm long, beg ins 
immediately above the external acoustic meatus and 
soon curves upwards and backwards. The crest is 
continuous anteriorly with the posterior root of the 
zygoma, and posterosuperiody with the temporal 
line (Fig. 20.3). 

,,-------Supe,rior temporal line 

Nasal bone 

lnfraorbital foramen 
--r--Maxilla 

Styloid process---------~ 
Ramus of mandible--------- --~ 

--r--- Body of mandible 
_ ____,,___ Mental foramen 

Fig. 20.3: Parts of mandible seen in norma lateralis 
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5 The temporal line forms the upper boundary of the 
temporal fossa which is filled up by the temporalis 
muscle. The upper margin of the contracting 
temporalis helps in defining this line which begins 
at the zygomatic process of the frontal bone, arches 
posterosuperiorly across the coronal suture, passes 
a little below the parietal eminence, and turns 
downwards to become continuous with the 
supramastoid crest. The area of the temporal fossa 
on the side of the head, above the zygornatic arch, is 
called the temple or temporal region. 

6 The pterion is the area in the temporal fossa where 
four bones (frontal, parietal, temporal and sphenoid) 
adjoin each other across an H-shaped suture. The 
centre of the pterion is marked by a point 4 cm above 
the midpoint of the zygomatic arch, falling 3.5 cm 
behind the frontozygornatic suture. Deep to the 
pterion lie the anterior branch of the middle 
meningeal artery, the middle meningeal vein, and 
deeper still the stern of the lateral sulcus of the 
cerebral hemisphere (at the Sylvian point) dividing 
into three rami. The pterion is a common site for 
trephining (making a hole in the skull) during 
operation (Fig. 20.4). Surface marking of middle 
meningeal artery is given later. 

7 The junction of the back of the head with the neck is 
indicated by the external occipital protuberance and 
the superior nuchal lines. The external occipital 

Facial artery with 
facial vein 

YIJ:llllJ--I--J.... . .......)1,-.._ Middle 
meningeal artery 

Fig. 20.4: Middle meningeal artery (a-e) and facial artery {1-3) 
with facial vein 

protuberance is a bony projection felt in the median 
plane on the back of the head al: the upper end of the 
nuchal furrow. The superior nuchal lines are indistinct 
curved ridges which extend from the protuberance 
to the mastoid processes. The back of the head is 
called the occiput. The most prominent median point 
situated on the external occipital protuberance is 
known as the inion. However, the posterior 
most point on the occiput lies a little above the 
protuberance (Fig. 20.5). 

s ciuamous part of 
temporal bone 

External occipital protuberance 

Fig. 20.5: Structures felt in norma occipitalis 



LANDMARKS ON THE SIDE OF THE NECK 
1 The sternocleidomastoid muscle is seen prominently 

when the face is turned to the opposite side. The 
ridge raised by the muscle extends from the sternum 
to the mastoid process (Fig. 20.6). 

2 The external jugular vein crosses the sternocleido-
mastoi d obliquely, running downwards and 
backwards from near the auricle to the clavicle. It is 
better seen in old age (Fig. 20.7). 

3 The greater supraclavicular fossa lies above and behind 
the middle one-third of the clavicle. It overlies the 
cervical part of the brachia! plexus and the third part 
of the subclavian artery (Fig. 20.6). 

4 The lesser supraclavicular fossa is a small depression 
between the sternal and clavicular parts of the sterno-
cleidomastoid. It overlies the internal jugular vein. 

5 The mastoid process is a large bony projection behind 
the auricle (concha) (Fig. 20.6). 

6 The transverse process of the atlas vertebra can be felt 
on deep pressure midway between the angle of the 
mandible and the mastoid process, immediately 
anteroinferior to the tip of the mastoid process. The 
fourth cervical transverse process is just palpable at the 
level of the upper border of the thyroid cartilage; 
and the sixth cervical transverse process at the level of 
the cricoid cartilage. The anterior tubercle of the 
transverse process of the sixth cervical vertebra is the 
largest of all such processes and is called the carotid 
tubercle ( of Chassaignac). The common carotid artery 
can be best pressed against this tubercle, deep to the 
anterior border of the sternocleidomastoid muscle. 

7 The anterior border of the trapezius muscle becomes 
prominent on elevation of the shoulder against 
resistance (Fig. 20.6). 
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sternocleidomastoid 

Lesser 
supraclavicular 

Iossa 
Clavicular head of 

sternocleidomastoid 

Acromion process 
Greater 
supraclavicular 
Iossa 

Fig. 20.6: Sternocleidomastoid, trapezius and inferior belly of 
omohyoid 
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Fig. 20.7: External jugular vein aind cutaneous nerves 

LANDMARKS ON THE ANTERIOR ASPECT OF THE NECK 
1 The mandible forms the lower jaw. The lower border 

of its horseshoe-shaped body is known as the base of 
the mandible (Fig. 20.8). Anteriorly, this base forms 
the chin, and posteriorly it can be traced to the angle 
of the mandible. Numerous structures are attached to 
mandible. 

2 The body of the U-shaped hyoid bone can be felt in 
the median plane just below and behind the chin, at 
the junction of the neck with the floor of the mouth. 
On each side, the body of hyoid bone is continuous 
posteriorly with the greater cornua which is 
overlapped in its posterior part by the sterno-
cleidomastoid muscle (Fig. 20 .. 9). 

3 The thyroid cartilage of the larynx forms a sharp 
protuberance in the median plane just below the 
hyoid bone. This protuberancei is called the laryngeal 
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Fig. 20.8: Attachments on the mandible 
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Hyoid bone-----------.....::-_:::;,--
" ~-- 11-1-----Thyrohyoid 

Clavicle 

Fig. 20.9: Attachments on hyoid bone and thyroid cartilage 

prominence or Adam's apple. It is more prominent in 
males than in females (Fig. 20.10). 

4 The rounded arch of the cricoid cartilage lies below 
the thyroid ca rtilage at the upper end of the trachea 
(Fig. 20.10). 

5 The trachea runs downwards and backwards from 
the cricoid cartilage. It is identified b y its carti-
laginous rings. However, it is partially masked by 

External occipital protuberance----+ 

Mastoid process ------

Transverse ------,t+t---i 
process 

the isthmus of the thyroid gland which lies against the 
second to fourth tracheal rings. The trachea is 
commonly palpated in the suprasternal notch which 
lies between the tendinous heads of origin of the right 
and left sternocleidomastoid muscles . In certain 
diseases, the trachea may shift to one side from the 
median plane. This indicates a shift in the media-
stinum (Fig. 20.10). 

Mandible 

--- - Floor of mouth 

- - ---Hyoid bone 

Thyroid cartilage 

-----Cricoid cartilage 

-------- Trachea 
Fig. 20.1 O: landmarks on anterior aspect of neck 



OTHER IMPORTANT LANDMARKS 
1 The frontozygomatic suture can be felt as a slight 

depression in the upper part of the lateral orbital 
margin. 

2 The marginal tubercle lies a short distance below the 
frontozygomatic suture along the posterior border 
of the frontal process of the zygomatic bone. 

3 The Frankfurt's plane is represented by a horizontal 
line joining the infraorbital maigin to the centre of 
the external acoustic meatus. Posteriorly, the line 
passes through a point just below the external 
occipital protuberance (see Fig. 1.1). 

4 The ju gal point is the anterior end of the upper border 
of the zygomatic arch where it meets the frontal 
process of the zygomatic bone. 

5 The mandibular notch is represented by a curved line 
concave upwards, extending from the head of the 
mandible to the anterior end of the zygomatic arch. 
The notch is 1-2 cm deep (Fig. 20.8). 

SURFACE MARKING OF VARIOUS 
STRUCTURES 

ARTERIES 
Facial Artery 
It is marked on the face by joining these truee points. 
• Point 1 on the base of the mandible a t the anterior 

border of the masseter muscle. 
• Point 2 1.2 cm lateral to the angle of the mouth. 
• Point 3 at the medial angle of the eye. 

The artery is tortuous in its course and is more so 
between the fiist two points (Fig. 20.4). 

Common Carotid Artery 
It is marked by a broad line along the anterior border 
of the s ternocleidomastoid muscle by joining the 
following two points. 
• Point 1 on the stem oclavicular joint. 
• Point 2 on the anterior border of the sternocleido-

mastoid muscle at the level of upper border of the 
thyroid cartilage (Fig. 20. 11). 
The thoracic part of the left common carotid aitery 

is marked by a broadline extending from a point a little 
to the left of the centre of the manubrium to the left 
sternoclavicular joint. 

Internal Carotid Artery 
It is marked by a broadline joining these two points. 
• Point 2 on the anterior border of the sterno-

cleidomastoid muscle at the level of the upper border 
of the thyroid cartilage. 

• Point 3 on the posterior border of the condyle of the 
mandible (Fig. 20.11). 
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Fig. 20.11: Some arteries of head and neck 

External Carotid Artery 
The artery is marked by joining ~hese two points. 
• Point 2 on the anterior border of th e sterno-

cleidomastoid muscle at the level of the upper border 
of the thyroid cartilage. 

• Point 4 on the posterior border of the neck of the 
mandible. 
The artery is slightly convex forwards in its lower 

half and slightly concave forwards in its upper half 
(Fig. 20.11). 

Subclavian Artery 
It is marked by a broad curved line, convex upwards, 
by joining these two points. 
• Point 1 on the sternoclavicular joint. 
• Point 5 at the middle of the lower border of the 

clavicle (Fig. 20.11). 
The artery rises about 2 cm above the clavicle. 
The thoracic part of the left subclavian artery is 

marked by a broad vertical line along the left border of 
the manubrium a little to the left of the left common 
carotid artery. 

Middle Meningeal Artery 
It is marked by joining these points. 
• First point (a) immediately above the middle of the 

zygoma. The artery enters the skull opposite this 
point (Fig. 20.4). 

• Second point (b) 2 cm above the first point. The aitery 
divides deep to this point. 

• Third point (c) (centre of pterion) 3.5 cm behind and 
1.5 cm above the frontozygomatic suture. 
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• Fourth point (d), midway between the nasion and 
inion. 

• Fifth point (e) (lambda) 6 cm above the external 
occipital protuberance. 
The line joining points (a) and (b) represents the stem 

of the middle meningeal artery inside the skull. 
The line joining points (b), (c) and (d) represents the 

anterior (frontal) branch. It first runs upwards and 
forwards (b), (c) and then upwards and backwards, 
towards the point (d). 

The line joinjng points (b) and (e) represents the 
pos terior (parie tal) branch. It runs backwards and 
upwards, towards the point (e) (Fig. 20.4). 

VEINS/SINUSES 
Facial Vein 
It is represented by a line drawn just behind the facial 
artery (Fig. 20.4). 

External Jugular Vein 
The vein is usually visible through the skin and can be 
made more prominent by blowing with the mouth and 
nostrils closed (Fig. 20.12). 

It can be marked, if not visible, by joining these 
points. 

• Point 1 a little below and behind the angle of the 
mandible. 

• Point 2 on the clavicle just lateral to the posterior 
border of the sternocleidomastoid (Fig. 20.12). 

External jugular 

_,r--,,,__ H yoid bone 

-",-./.--Thyroid 
cartilage 

Fig. 20.12: Internal and external jugular veins 

Internal Jugular Vein 
Internal jugular vein is marked by a broadline by joining 
these two points. 
• Point 3 on the neck medial to the lobule of the ear. 
• Point 4 at the medial end of the clavicle (Fig. 20.12). 

The lower bulb of the vein lies beneath the lesser 
supraclavicular fossa between the sternal and clavicular 
heads of the sternocleidomastoid muscle. 

Subclavian Vein 
Subclavian vein is represented by a broadline along the 
clavicle extending from a little medial to its midpoint 
to the medial end of the bone. 

Superior Sagittal Sinus 
Superior sagittal sinus is ma rked by two lines 
(diverging posteriorly) joining these two points. 
• One point (1) at the glabella. 
• Two points (2) at the inion, situated side by side, 

1.2 cm apart (Fig. 20.13). 

Transverse Sinus 
Transverse sinus is marked by two parallel Imes, 1.2 cm 
apart extending between the following points. 
• Two points (2) at the inion, situated one above the 

other and 1.2 cm apart (Fig. 20.13). 
• Two points (3)_ at asterion 3.75 cm behmd external 

auditory meatus and 1.25 cm above this point 
(Fig. 20.13). 

• Two points (4) at the base of the mastoid process, 
situated one in front of the other and 1.2 cm apart. 

Sigmoid Sinus 
Sigmoid sinus is marked by two parallel lines situated 
1.2 cm apart and extending between the following two 
points: 
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sagittal 
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Fig. 20.13: Superior sagittal, transverse and sigmoid sinuses 



• Two points (4) a t the base of the mastoid process, 
situated one in front of the other and 1.2 cm apart 
(Fig. 20.13). 

• Two similar points (5) near the posterior border and 
1.2 cm above the tip of mastoid process. 

NERVES 
Facial Nerve 
Facial nerve is marked by a short horizontal line joining 
the following two points. 
• Point at the middle of the anterior border of the 

mastoid process. The stylomastoid foramen lies 2 cm 
deep to this point. 

• Point ., behind the neck of mandible. Here the nerve 
d ivides into its five branches to the facial muscles 
(Fig. 20.14, also see Fig. 5.3). 

Auriculotemporal Nerve 
Auriculotemporal nerve is marked by a line drawn first 
backwards from the posterior part of the mandibular 
notch -(point "' ) (site of mandibular nerve) across the 
neck of the mandible, and then upwards across the 
preauricular point 1 (Fig. 20.14). 

Mandibular Nerve 
Mandibular nerve is marked by a short vertical line in 
the posterior part of the mandibular notch just in front 
of the head of the mandible. 

Lingual and Inferior Alveolar Nerves 
Lingual nerve is marked by a curved line running 
downwards and forwards by joining these points 
(Fig. 20.14). 
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Fig. 20.14: Position of facial and some branches of mandibular 
nerves 
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• Point " on the posterior part of the mandibular notch, 
in line with the mandibular nerve. 

• Point " a little below and behind the last lower molar 
tooth. 

• Point , opposite the first lower molar tooth. 
The concavity in the course of the nerve is more 

marked between the and points and is directed 
upwards. 

Inferior alveolar nerve lies a little below and parallel 
to the lingual nerve. 

Glossophar}rngeal Nerve 
G lossopharyngeal nerve is marked by jo ining the 
following points. 
• Point on the anteroinferior part of the tragus. 
• Point - , artterosuperior to the angle of the mandible. 

Fro m 2nd point, the nerve runs forwards for a 
short distance above the lower border of the mandible. 
The nerve describes a gen tle curve in its course 
(Fig. 20.15). 
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Trape·zius 

/ 

Fig. 2Cl.15: Position of last four cranial nerves 

Vogus 
The nerve nms along the medial side of the internal 
jug ular vagus vein . It is marked by jo ining these two 
points. 
• Point a t the anteroinferior part of the tragus. 
• Point at the medial end of the clavicle (Fig. 20.15). 

Accessory Nlerve (Spinal Part) 
Accessory nerve (spinal part) is marked by joining the 
following four points. 
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• Point at the anteroinferi or part of the tragus 
(Fig. 20.15). 

• Point at the tip of the transverse process of the 
atlas. 

• Point at the middle of the posterior border of the 
sternocleidomastoid muscle. 

• Point , on the anterior border of the trapezius 6 cm 
above the clavicle (Fig. 20.15). 

Hypoglossal Nerve 
Hypoglossal nerve is marked by joining these points. 
• Point at the anteroinferior part of the tragus. 
• Point , posterosuperior to the tip of the greater 

comua of the hyoid bone. 
• Point , midway between the angle of the mandible 

and the symphysis menti. 
The nerve describes a gentle curve in its course 

(Fig. 20.15). 

Phrenic Nerve 
Phrenic nerve is marked by a line joining the following 
points. 
• Point 1 on the side of the neck at the level of the upper 

border of the thyroid cartilage and 3.5 cm from the 
median plane. 

• Point 2 at the medial end of the clavicle (Fig. 20.16). 

Cervical Sympathetic Chain 
Cervical sympathetic chain is marked by a line joining 
the following points. 
• Point 3 at the stemoclavicular joint. 
• Point 5 at the posterior border of the condyle of the 

mandible. 
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Fig. 20.16: Position of phrenic nerve and sympathetic trunk 

The superior cervical ganglion extends from the 
transverse process of the atlas (point 4) to the tip of the 
greater cornua of the hyoid bone. The middle cervical 
ganglion lies at the level of the cricoid cartilage, and the 
inferior cervical ganglion, at a point 3 cm above the sterno-
clavicular joint (Fig. 20.16). 

Trlgemlnal Gcmgllon 
Trigeminal ganglion lies a little in front of the preauri-
cular point at a depth of about 4.5 cm. 

GLANDS 
Parotid Gland 
Parotid gland is marked by joining these fou r points 
with each other (Fig. 20.17). 
• The first point (a) at the upper border of the head of 

the mandible. 
• The second point (b), just above the centre of the 

masseter muscle. 
• The third point (c), posteroinferior to the angle of 

the mandible. 
• The fourth point (d) on the upper part of the anterior 

border of the mastoid process. 
The anterior border of the gland is obtained by 

joining the points (a), (b), (c); the posterior border, by 
joining the points (c), (d); and the superior curved 
border wi th i ts concavity directed upwards a nd 
backwards, b y joining the points (a), (d) across the 
lobule of the ear (Fig. 20.17). 

Parotid Duct 
To mark this duct first draw a line joining these two 
points. 

Parotid gland 

Nas,on 

,.__ _ _,c._ Duct of 
'.II'~-..,.., parotid gland 

over masseter 

~:_-:_~"~ ,:::::::::::_ Submand ibular 
gland 

'------ Hyoid bone 
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Fig. 20.17: Position of parotid gland with its duct, submandibular 
gland and palatine tonsil 
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• First point 1 at the lower border of the tragus. 
• Second point 2, midway between the ala of the nose 

and the red margin of the upper lip. 
The middle-third of this line represents the parotid 

duct (Fig. 20.17). 

Submandibular Gland 
The submandibular salivary gland is marked by an oval 
area over the posterior half of the base of the mandible, 
including the lower border of the ramus. The area 
extends 1.5 cm above the base of the mandible, and 
below to the greater cornua of the hyoid bone 
(Fig. 20.17). 

Thyroid Gland 
The isthmus of thyroid gland is marked by two 
transverse parallel lines (each 1.2 cm long) on the 
trachea, the upper 1.2 cm and the lower 2.5 cm below 
the arch of the cricoid cartilage. 

Each lobe extends up to the middle of the thyroid 
cartilage, below to the clavicle, and latera lly to be 
overlapped by the anterior border of stemocleido-
mastoid muscle. The upper pole of the lobe is pointed, 
and the lower pole is broad and rounded (Fig. 20.18). 

Palatine Tonsil 
Palatine tonsil is marked by an oval (almond-shaped) 
area over the masseter just anterosuperior to the angle 
of the mandible (Fig. 20.17). 

PARANASAL SINUSES 
Frontal Sinus 
Frontal sinus is marked by a triangular area formed by 
joining these three points. 
• The point 3 at the nasion. 
• The point 4, 2.5 cm above the nasion. 
• The point 5 at the junction of medial one-third and 

lateral two-thirds of the supraorbital margin, i.e. at 
the supraorbital notch. 

Maxillary Sinus 
The roof of maxillary sinus is represented by the inferior 
orb ital margin; the floor, by the alveolus of the maxilla; 
the base, by the lateral wall of the nose. The apex lies 
on the zygomatic process of the maxilla. - DIOLOGICAL ANATOMY 

In routine clinical practice, the following X-ray pictures 
of the skull are commonly used. 
1 Lateral view for general survey of the skull. 
2 A special posteroanterior view (in Water's position) 

to study the paranasal sinuses. 
3 Anteroposterior and oblique views for the study of 

cervical vertebrae. 

LATERAL VIEW OF SKULL (PLAIN SKIAGRAM) 
The radiogram is studied systematically as described 
here. 

Cranial Vault· 
1 Shnpe and s:i::.e: It is important to be familiar with the 

normal s ha pe and size of the skull so that 
abnormalities, like oxycephaly (a type of cranio-
stenosis), hydrocephalus, microcephaly, etc. may be 
diagnosed . 

2 Str11ct11re of crnnial bones: The bones are unilamellar 
during the firs t th ree yea rs of life. Two tables 
separated by diploe appear during the fourth year, 
and the differentiation reaches its maximum by about 
35 years w hen diploic veins produce characteristic 
markings ·in radiograms. The sites of the external 
occipital protuberance and frontal bone are normally 
thicker than the rest of the skull . The squamous 
temporal aind the upper part of the occipital bone 
are thin. 
Generalized thickened bones are found in Paget's 
disease. Thalassaemia, a congenital haemolytic 

-~~W .1.----Hyoid bone 

Lobe of thyroid gland ---

Isthmus of thyroid 

Trachea---------' 

-..:;/--#-1,~~ - --Thyroid cartilage 

'---- ---- Manubrium of the sternum 

Fig. 20.18: Thyroid gland 
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anaemia, is associated with thickening and a charac-
teristic sunray appearance of the skull bones. A 
localised hyperostosis may be seen over a 
meningioma. In multiple myeloma and secondary 
carcinomatous deposits, the skull presents large 
punched out areas. Fractures are more extensive in 
the inner table than in the outer table. 

3 Sutures: The coronal and lambdoid sutures are 
usually visible clearly. The coronal suture runs 
downwards and forwards in front of the central 
sulcus of the brain. The lambdoid suture traverses 
the posteriormost part of the skull. 
Obliteration of su tures begins first on the inner 
surface (between 30 and 40 years) and then on the 
outer surface (between 40 and 50 years). Usually the 
lower part of the coronal suture is obliterated first, 
followed by the posterior part of the sagittal suture. 
Premature closure of sutures occurs in cranio-
stenosis, a hereditary disease. Sutures are opened up 
in children by an increase in intracranial pressure. 

4 Vascular markings: 
a. Middle meningeal vessels: The anterior branch runs 

about 1 cm behind the coronal suture. The 
posterior branch runs backwards and upwards at 
a lower level across the upper part of the shadow 
of the auricle. 

b. The transverse sinus may be seen as a curved dark 
shadow, convex upwards, extending from the 
internal occipital protuberance to the petrous 
temporal. 

c. The diploic venous markings are seen as irregularly 
anastomosing, worm-like shadows produced by 
the frontal, anterior temporal, posterior temporal 
and occipital diploic veins. These markings 
become more prominent in raised intracranial 
pressure. 

5 Cerebral moulding, indicating normal impressions of 
cerebral gyri, can be seen. In raised intracranial 
tension, the impressions become more pronounced 
and produce a characteristic silver beaten (or copper 
beaten) appearance of the skull. 

6 Arachnoid granulations may indent the parasagittal 
area of the skull to such an extent as to simulate 
erosion by a meningioma. 

7 Normal intra.cranial calcifications 
a. Pineal concretions (brain sand) appear by the age 

of 17 years. The pineal body is located 2.5 cm 
above and 1.2 cm behind the external acous tic 
meatus. When visible it serves as an important 
radiological landmark. 

b. Other stntctures which may become calcified 
include the choroid plexuses, arachnoid granu-
lations, falx cerebri, and other dural folds. 

8 The auricle: The curved margin of the auricle is seen 
above the petrous temporal. 

9 The f rontal sinus produces a dark shadow in the 
anteroinferior part of the skull vault. 

Base of Skull 
1 The floor of the anterior cranial Jossa slopes backwards 

and downwards. The shadows of the two sides are 
often seen situated one above the other. The surface 
is irregular due to gyral markings. It also forms the 
roof of the orbit (Fig. 20.19). 

2 The hypophyseal fossa represents the middle cranial 
fossa in thiis view. It is overhung anteriorly by the 
anterior clinoid process (directed posteriorly), and 
posteriorly by the posterior clinoid process. It 
measures 8 mm vertically and 14 mm antero-
posteriorly. The interclinoid distance is not more than 
4 mm. The fossa is enlarged in cases of pituitary 
tumours, arising particularly from acidophil or 
chromophobe cells. 

3 The spftenoidal air sinus lies anteroinferior to the 
hypophyseal fossa. The shadows of the orbit, the 
nasal cav ities, and the ethmoidal and maxillary 
sinuses lie superimposed on one another, below the 
anterior cranial fossa. 

4 The petrous part of the temporal bone produces a dense 
irregular shadow posteroinferior to the hypophyseal 
fossa. Within this shadow there are two dark areas 
representing the external acoustic meatuses of the 
two sides; ,each shadow lies immediately behind the 
head of the mandible of that side. Similar dark 
shadows of the internal acoustic meatuses may also 
be seen. The posterior part of the dense shadow 
merges with the mastoid air cells producing a honey-
comb appearance. 

Figs 20.19a aoc:t b: Lateral view of the skull and cervical vertebrae 



5 In addition to the features mentioned above, the 
ma11dible lies anteriorly forming the lower part of the 
facial skeleton. The upper cervical vertebrae lie poste-
riorly and are seen as a pillar supporting the skull. 

SPECIAL PA VIEW OF SKULL FOR PARANASAL SINUSES 
This picture is taken with the head extended in such a 
way that the chin rests against the film and the nose is 
raised from it (Water's position). This view shows the 
frontal and maxiJJary sinuses clearly (Fig. 20.20). 

The frontal sinuses arc seen immediately above the 
nose and medial parts of the orbits. The nasal cavities 
are flanked on each side by the orbits above, and the 
maxillary sinuses below. The normal sinuses are clear 
and radiolucent, i.e. they appear dark. Jf a sinus is 
infected, the shadow is either hazy or radio-opaque. 

CERVICAL VERTEBRAE 
The cervical vertebrae can be visualised in 
anteroposterior view of the neck and in oblique view 
of the neck. In the anteroposterior view, the body of 
cervical vertebrae, intervertebral discs, pedicles and 

SURFACE MARKING AND RADIOLOGICAL ANATOMY 

Fig. 20.20: X-ray of skull showin~1 paranasal sinuses 

spines are seen. In the oblique view, the adjacent inferior 
articular and superior articular processes and 
intervertebraJ foramen are visualised. 





INTRODUCTION 
The appendix contains upper cervical nerves, and 
sympathetic trunk of the neck in Table Al. 

The four parasympathetic ganglia are shown in 
Flowcharts Al to A.4 and Table A.2. 

Summary of the arteries is depicted in Tables A.2 
toA4. 

The pharyngeal arches, pouches and clefts are shown 
in Tables A.5 to A.7. It also includes the Clinical Terms. 

CERVICAL PLEXUS 

Ventral rami of Cl, C2, C3, C4 form the cervical plexus. 
Cl runs along hypoglossal and supplies geniohyoid 
and thyrohyoid. It also gives superior limb of ansa 
cervicalis, which supplies superior belly of omohyoid 
and joins with inferior limb to form ansa. Inferior limb 
of ansa cervicalis is formed by ventral rami of C2, C3. 
Branches from ansa supply s ternohyo id, sterno-
thyroid, inferior belly of omohyoid. Cervical plexus 
also gives four cutaneous branches lesser occipital 
(C2), great auricular (C2, C3), supraclavicular (C3, C4) 
and transverse or anterior nerve of neck (C2, C3) (see 
Figs 3.6 and 9.8). 

Appendix 
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-Alexis Correl 

PHRENIC NERVE 

Phrenic nerve arises primarily from ventral rami of C4 
with small contributions from C3 and CS nerve roots or 
through nerve to subclavius. It is the only motor supply 
to its own half of diaphragm and sensory to mediashnal 
pleura, peritoneum and fibrous pericardium. Inflam-
mation of peritoneum under diaphragm causes referred 
pain in the area of supraclavicular nerves supply, 
especially tip of the shoulders as their root value is also 
ventral rami of C3 and C4 (see Fig. 9. 9). 

SYMPATHETIC TRUNK 

Branches of cervical sympathetic ganglia of sympathetic 
trunk are given in Table Al. 

PARASYMPATHETIC GANGLIA (TABLE A.2) 

SUBMANDIBULAR GANGLION 
Situation (Fig. A. l) 
The submandibular gan glion lies superfic ia l to 
hyoglossus muscle in the submandibular region. 

Table A.1: Branches of cervical sympathetic ganglia 

Arterial branches 

Grey rami communicans 
Along cranial nerves 

Visceral branches 

Superior cervical ganglion 
i. Along internal carotid artery 

as internal carotid nerve 
ii. Along common carotid and 

external carotid arteries 
Along 1-4 cervical nerves 
Along cranial nerves 
IX, X, XI and XII 
Pharynx, cardiac 

Middle cervical ganglion 
Along inferior thyroid artery 

Along 5 and 6 cervical nerves 

Thyroid, cardiac 

321 

Inferior cervical ganglion 
Along subclavian and 
vertebral arteries 

Along 7 and 8 cervical nerves 

Cardiac 
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Flowchart A.1 : Connections of submandibular ganglion 

Superior salivatory nucleus of VII nerve 

VII n; rve j 

Chorda tympani branch 

Joins lingual nerve 

Submandibular ganglion 

Relays to supply submandibular gland directly, sublingual 
salivary gland and glands in the oral cavity via lingual nerve 

Flowchart A.2: Connections of pterygopalatine ganglion 

Lacrimatory nucleus of VII nerve 

VII i rve I 
Greater petrosal nerve + Deep petrosal nerve (sympathetic) 

Nerve of pterygoid canal 

l Relay 

Pterygopalatine ganglion 
(for relay of fibres of greater petrosal nerve only) 

Relays to supply glands of nose, palate. pharynx 
and some pass along maxillary nerve, zygomatic nerve 

Zygomaticotemporal nerve, communicating 
branch to lacrimal nerve which supplies lacrimal gland 

Flowchart A.3: Connections of otic ganglion 

Inferior salivatory nucleus of IX nerve 

Tympanic branch 

Tympanic plexus 

Lesser petrosal nerve 

l Relay 

Olic ganglion 

Fibres join auriculotemporal nerve 

Parohd gland j 

Flowchart A.4: Connections of ciliary ganglion 

Edinger-Westphal nucleus 

Nerve to inferior oblique 

Branch to ciliary ganglion 

l Relay 

Short ciliary nerves supply ciliaris 
and constrictor pupillae muscles 

Functionally, submandibular gangHon is connected to 
facial nerve, while topographically it is connected to 
lingual branch of mandibular nerve (see Fig. 7.10). 

Roots 
The ganglion has sensory, sympathetic and secreto-
motor or parasympathetic roots. 
1 Sensory root is from the lingual nerve. It is suspended 

by two roots of lingual nerve. 
2 Sympathetic root is from the sympathetic plexus 

around the facial artery . This plexus contains 
postganglionic fibres from the superior cervica l 
ganglion of sympathetic trunk. These fibres pass 
express through the ganglion and are vasomotor to 
the gland. 

3 Secretomotor root is from superior salivatory nucleus 
through nervus intermedius via chorda tympani 
which is a branch of cranial ne rve VII. Chorda 
tympani joins lingual nerve. The parasympathetic 
fibres get relayed in the submandibular ganglion 
(Flowchart A.l). 

Branches 
The ganglion gives direct branches to the submandi-
bular salivary gland. 

Some postganglionic fibres reach the lingual nerve 
to be distributed to sublingual salivary gland and 
glands in the oral cavity. 

PTERYGOPALATINE GANGLION 
Situation 
Pterygopalatine or sphenopalatine is the largest 
parasympathetic ganglion, suspended by two roots of 
maxillary nerve. Functionally, it is related to cranial 
nerve VII. It is ca lled the ganglion of "hay fever." 

Roots 
The ganglion has sensory, sympathetic and secreto-
motor or parasympathetic roots. 
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Table A.2: Connections of parasympathetic ganglla (Fig. A.1) 
Ganglia Sensory root 

Submandibular 2 branches from 
(Fig. A.1 ) lingual nerve 

Pterygopalatine 2 branches from 
(Fig . A.1 ) maxillary nerve 

Otic Branch from 
(Fig. A.1) auriculotemporal 

nerve 

Ciliary From nasociliary 
(Fig. A.1 ) nerve 

Edinger-Westphal 
nucleus 

Superior 
sallvatory nucleus 

Inferior 
salivatory nucleus 

Sympathetic root 

Branch from 
plexus around 
facial artery 

Deep petrosal 
from plexus 
around internal 
carotid artery 

Plexus along 
middle meningeal 
artery 

Plexus along 
ophthalmic 
artery 

Internal 
carotid artery 

Superior cervical 
sympathetic ganglion 

I I 
I I 
I I 

I I ~. 

Secretomotor root/ 
parasympathetic root 
Superior salivatory 
nucleus facial nerve 

chorda tympani 
Uoins the lingual nerve) 
Superior salivatory 
nucleus, and lacrima-
tory nucleus nervus 
intermedius facial 
nerve geniculate 
ganglion greater 
petrosal nerve + deep 

petrosal nerve = nerve 
of pterygoid canal 

Inferior salivatory 
nucleus glosso-
pharyngeal nerve 
tympanic branch 
tympanic plexus 
lesser petrosal nerve. 

Edinger-Westphal 

oculomotor nerve 
nerve to inferior 
oblique 

Oculomotor 

Motor root 

Branch from 
nerve to medial 
pterygoid 

Parasympathetic 
ganglia: 

Sub-
mandibular 

Distribution 

a. Submandibular 
b. Sublingual 
C. Anterior lingual glands 

a. Mucous glands of 
nose, paranasal 
sinuses, palate, 
nasopharynx 

b. Some fibres pass 
through zygomatic 
nerve zygomatico-
temporal 
nerve communica-
ting branch to lacrimal 
nerve lacrimal gland 

a. Secretomotor to 
parotid gland via 
auriculotemporal 
nerve 

b. Tensor veli palatini 
and tensor tympani 
via nerve to med. 
pterygoid (unrelayed) 

a. Ciliaris muscles 
b. Sphincter pupillae 

Short ciliary nerves 

Lacrimal, nasal, 
pharyngeal and 
palatal glands 

Submandibular and 
---- sublingual glands 

Parotid gland 

--~ - ---:si:::-- Tensor veli palatini 

Tensor tympani 
Branch from nerve 
to medial pterygoid 

Fig. A.1: Parasympathetic ganglia 
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1 Sensory root is from maxillary nerve. The ganglion 
is suspended by 2 roots of maxillary nerve. 

2 Sympathetic root is from postgan glionic plexus 
around internal carotid artery. The nerve is called 
deep petrosal. lt unites with greater petrosal to form 
the nerve of pterygoid canal. The fibres of deep 
petrosal do not relay in the ganglion. 

3 Secretomotor or parasympathetic root is from greater 
petrosal nerve which arises from geniculate ganglion 
of cranial nerve VII. These fibres relay in the ganglion 
(Flowchart A.2). 

Branches 
The ganglion gives number of branches. These are: 
1 For lacrimal gland: The postganglionic fibres pass 

through zygomatic branch of maxillary nerve. These 
fibres hitch hike through zygomaticotemporal nerve 
into the communicating branch be tween zygo-
maticotemporal and lacrimal nerve, then to the 
lacrimal nerve for supplying the lacrimal gland. 

2 Nnsopalatine nerve: This nerve runs on the nasal 
septum and ends in the anterior part of hard palate. 
It supplies secretomotor fibres to both nasal and 
palatal glands. 

3 Nasal branches: These are medial, posterior, superior 
branches for the s upply of glands a nd mucous 
membrane of nasa l septum; the largest is named 
nasopalatine; and lateral posterior superior branches 
for the supply of glands and mucous membrane of 
lateral wall of nasal cavity. 

4 Palatine branches: These are one greater palatine and 
2-3 lesser palatine branches. These pass through the 
res pective foramina to supply sensory and 
secretomotor fibres to mucous membrane and glands 
of soft palate and hard palate. 

5 Orbital branches for the orbital periosteum. 
6 Pharyngeal branches for the glands of pharynx. 

OTIC GANGLION 
Situation 
The otic gan glfon lies deep to the trunk of mandibu lar 
nerve, between the nerve and the tensor veli palatini 
muscle in the infratemporal fossa, just distal to the 
foramen ovale. Topographically, it is connected to 
mandibular nerve, while functionally it is related to 
cranial nerve IX. 

Roots 
This ganglion has sensory, sympathetic, parasym-
pathetic or secretomotor and motor roots (see Figs 6.15 
and 6.16). 

1 Sensory root is by the auriculotemporal nerve. 
2 Sympathetic root is by the sympathetic plexus 

around middle meningeal artery. 
3 Secretomotor root is by the lesser petrosal nerve from 

the tympanic plexus formed by tympanic branch of 
cranial nerve IX. Fibres of lesser petrosal nerve relay 
in the otic ganglion. Postganglionic fibres reach the 
parotid gland through auriculotemporal nerve 
(Flowchart A.3). 

4 Motor root is by a branch from nerve to medial 
pterygoid. This branch passes unrelayed through the 
ganglion and divides into two branches to supply 
tensor veli palatini and tensor tympani. 

Branches 
The postganglionic branches of the ganglion pass 
through auriculotemporal nerve to supply the parotid 
gland. 

The motor branches supply the two muscles tensor 
veli palatini and tensor tympani. 

CILIARY GANGLION 

Situation 
The ciliary ganglion is very small ganglion present in 
the orbit. Topographically, the ganglion is related to 
nasociliary nerve, branch of ophthalmic division of 
trigeminal nerve, bu t functionally it is related to 
oculomotor nerve. This ganglion gets parasympathetic 
fibres (Flowchart A.4). 

Roots 
It has three roots, the sensory, sympathetic and 
parasympathetic. OnJy the parasympathetic root fibres 
relay to supply the intraocular muscles. 
1 Sensory root is from the long ciliary nerve. 
2 Sympathetic root is by the long ciliary nerve from 

plexus around ophthalmic artery. 
3 Parasympa thetic root is from a branch to inferior 

oblique muscle. These fibres arise from Edinger-
Westpha l nucleus, join oculomotor nerve and leave 
it via the nerve to inferior oblique, to be relayed in 
the ciliary ganglion (Flowchart AS). 

Branches 
The ganglion gives 10-12 short ciliary nerves containing 
postganglionic fibres for the supply of constrictor or 
sphincter pupillae for narrowing the size of pupil and 
ciliaris muscle for increasing the curvature of anterior 
surface of lens required during accommodation of the 
eye. 
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Table A.3: Arteries of head and "'"ck 
Beginning, course and termination 
It is a branch of brachiocephalic trunk on right side and a 
direct branch of arch of aorta on the left side. The artery 
runs upwards along medial border of sternocleidomastoid 
muscle enclosed within the carotid sheath. The artery ends 
by dividing into internal carotid and external carotid at the 
upper border of thyroid cartilage (see Fig. 4.14) 
It is a terminal branch of common carotid artery. It first runs 
through the neck (cervical part), then passes through the 
petrous bone (petrous part), then courses through the sinus 
(cavernous part) and lastly lies in relation to the brain 
(cerebral part) 

It is the one of the terminal branches of common carotid 
artery and lies anterior to internal carotid artery. External 
carotid artery starts at the level of upper border of thyroid 
cartilage, runs upwards and laterally to terminate behind 
the neck of mandible by dividing into larger maxillary and 
smaller superficial temporal branches (see Fig. 4.13) 
It arises from anterior aspect of external carotid artery close 
to its origin. It runs downwards and forwards deep to 
the infrahyoid muscles to the upper pole of thyroid gland 
(see Fig. 8.6) 
It arises from anterior aspect of external carotid artery forms 
a typical loop which is crossed by XII nerve. Its 2nd part lies 
deep to the hyoglossus. The 3rd part runs along the anterior 
border of hyoglossus and 4th part runs forwards on the under 
surface of tongue (see Fig. 4.15) 
This tortuous artery from anterior side also arises a little 
higher than lingual artery. It runs in the neck as cervical part 
and in the face as facial artery (see Fig. 2.17) 

It arises form the posterior aspect of external carotid artery 
and runs upwards along the lower border of posterior belly of 
digastric muscle. Then it runs deep to mastoid process and 
the muscles attached to it. The artery then crosses the apex 
of suboccipital triangle and then it pierces trapezius 2.5 cm 
from midline to supply the layers of scalp (see Fig. 4.14) 
It arises from posterior aspect of external carotid artery, it 
runs along the upper border of posterior belly of digastric 
muscle to reach the back of auricle 
It arises from the medial side of external carotid artery, close 
to its origin. It runs upwards and between pharynx and tonsil 
on medial side and medial wall of middle ear on the lateral 
side (see Fig. 4.13) 
It is the smaller terminal branch of external carotid artery. 
It begins behind the neck of the mandible, runs upwards 
and crosses the preauricular point, where its pulsations can 
be felt. 5 cm above the preauricular point it ends by dividing 
into anterior and posterior branches (see Fig. 2.5) 
It is the larger terminal branch of external carotid artery. It is 
given off behind the neck of the mandible. Its course is 
divided into 1st, 2nd and 3rd parts according to its relations 
with lateral pterygoid muscle. 1st part lies below the lateral 
pterygoid, 2nd part lies on the lower head of lateral pterygoid 
and 3rd part lies between the two heads 

Area of distribution 
This artery has only two terminal branches. These 
are internal carotid and external carotid. Their area 
of distribution is described below. 

Cervical part of the artery does not give any branch. 
Petrous part gives branches for the middle ear; 
cavernous part supplies hypophysis cerebri. The 
cerebral part gives ophthalmic artery for orbit, anterior 
cerebral, middle cerebral , anterior choroidal and 
posterior communicating for the brain 
It supplies structures in the front of neck, i.e. thyroid 
gland, larynx, muscles of tongue, face, scalp, ear 

Superior laryngeal branch which pierces thyroid 
membrane to supply larynx. Stemocleidomastoid and 
cricothyroid branches are to the muscles. Terminal 
branches supply the thyroid gland 
As the name indicates, it is the chief artery of the 
muscular tongue. It supplies various muscles, 
papillae and taste buds of the tongue. It also gives 
branches to the tonsil 

Cervical part gives off ascending palatine, tonsillar, 
glandular branches for the submandibular and 
subliingual salivary glands. The facial part lies on the 
face giving branches to muscles of face and its skin 
It givt~s two branches to sternocleidomastoid muscle, 
and branches to neighbouring muscles. It also gives 
a meningeal and mastoid branch 

It gives branches to scalp. Its stylomastoid branch 
enters the foramen of the same name to supply 
mastc:iid antrum, nerve air cells and the facial 
It gives branches to tonsil , pharynx and a few 
meningeal branches 

Its two terminal branches supply layers of scalp and 
superficial temporal region. It also supplies parotid 
gland, facial muscles and temporalis muscle 

Branches of-1st part: Deep auricular, anterior 
tympanic, middle meningeal and inferior alveolar. 
2nd part: Muscular branches to medial pterygoid, 
mass,eter, temporalis and lateral pterygoid 
3rd part: Posterior superior alveolar, infraorbital, 
greater palatine and sphenopalatine branches, 
pharyngeal and artery of pterygoid canal 
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Table A.4: Branches of maxillary artery 

Branches Foramina transmitting Distribution 

A. Of first part (see Fig. 6.6) 
1. Deep auricular Foramen in the floor (cartilage or Skin of external acoustic meatus, and outer surface 

bone) of external acoustic meatus of tympanic membrane 
2. Anterior tympanic Petrotympanic fissure Inner surface of tympanic membrane 

3. Middle meningeal Foramen spinosum Supplies more of bone and less of meninges; also V 

4. Accessory meningeal 
5. Inferior alveolar 

B. Of second part 
1. Masseteric 
2. Deep temporal (anterior) 
3. Deep temporal (posterior) 
4. Pterygoid 
5. Buccal 

C. Of third part (see Fig. 6.7) 

Foramen ovale 
Mandibular foramen 

and VII nerves, middle ear and tensor tympani 
Main distribution is extracranial to pterygoids 
Lower teeth and mylohyoid muscle 

Masseter 
Temporal is 
Temporalis 
Lateral and medial pterygoids 
Skin of ch,~ek 

1. Posterior superior alveolar 
2. lnfraorbital 

Alveolar canals in body of maxilla 
Inferior orbital fissure 

Upper molar and premolar teeth and gums; maxillary sinus 
Lower orbital muscles, lacrimal sac, maxil lary sinus, 
upper incisor and canine teeth 

3. Greater palatine Greater palatine canal 
4. Pharyngeal 
5. Artery of pterygoid canal 

Pharyngeal (palatinovaginal) canal 
Pterygoid canal 

Soft palate, tonsil, palatine glands and mucosa; upper gums 
Roof of nose and pharynx, auditory tube, sphenoidal sinus 
Auditory tube, upper pharynx, and middle ear 

6. Sphenopalatine (terminal part) Sphenopalatine foramen Lateral and medial walls of nose and various air sinuses 

Table A.5: Subclavian artery 

Course 
It is the chief artery of the upper limb. It also supplies part of 
neck and brain. On the right side, subclavian artery is a branch 
of the brachiocephalic trunk. On the left side, it is a direct 
branch of arch of aorta. The artery on either side ascends 
and enters the neck posterior to the sternoclavicular joint. 
The arteries of two sides have similar course. 

The artery arches from the sternoclavicular joint to the outer 
border of the first rib where it continues as the axillary artery. 
It is divided into three parts by the crossing of scalenus 
anterior muscle (see Figs 8.19 and 8.20) 

Branches and area of distribution 
Branches of 1st part: 

• Vertebral ar1ery is the largest branch. It supplies the brain. 
The artery passes through foramina transversaria of C6-
C1 vertebrae, then it courses through suboccipital triangle 
to enter cranial cavity 

• Internal thoracic artery runs downwards and medially to 
enter thorax by passing behind first costal cartilage. It runs 
vertically 2 cm, on lateral side of sternum till 6th intercostal 
space to divide into musculophrenic and superior 
epigastric branches 

• Thyrocervical trunk is a short wide vessel which gives 
suprascapular, transverse cervical and important inferior 
thyroid branch. Inferior thyroid artery gives glandular 
branches to thyroid and parathyroid glands. In addition, 
this artery gives inferior laryngeal branch for the supply of 
mucous m13mbrane of larynx 

• Costocervical trunk arises from 2nd part of subclavian 
artery on right side and from 1st part on left side. It ends 
by dividin£1 into superior intercostal and deep cervical 
branches 

• 3rd part may give dorsal scapular branch 

J 
j 
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Table A.6: Structures derived from skeletal and muscular components of pharyngEial arches 
Pharyngeal arch Nerve of the arch Muscles derived Skeletal' and ligamentous 

structums derived 

,_ 
First (mandibular) arch (I) Trigeminal and mandibular 

divisions of trigeminal 
Muscles of mastication 
(temporalis, masseter, 

Mandible] 
Malleus Quadrate cartilage 

Meckel's cartilages (V cranial nerve) medial and lateral pterygoids) 
Mylohyoid 

lncus 

Second (hyoid) arch (II) 
Reichert's 
cartilage 

Third (Il l) 

Fourth (IV) 

Sixth (VI) 

Facial (VII cranial nerve) 

G lossopharyngeal 
(IX cranial nerve) 

Superior laryngeal branch 
of vagus 

Recurrent laryngeal branch 
of vagus (X cranial) nerve). 

Anterior belly of digastric 
tensor tympani 
Tensor veli palatini 

Muscles of facial expression 
(buccinator, auricularis, frontalis, 
platysma, orbicularis oris, and 
orbicularis oculi) 
Posterior belly of digastric 
Stylohyoid, stapedius 

Stylopharyngeus 

Cricothyroid 
Levator veli palatini 
Striated muscles of oesophagus 
Constrictors of pharynx 

Intrinsic muscles of larynx 

Anterior ligament of malleus 
Sphenomandibular ligament 
Spine of sphenoid 
Most of the mandible 
Genial tubercles 

Stapes 
Styloid process 
Lesser c:ornua of hyoid 
Upper p.art of body of hyoid 
Stylohyoiid ligament 

Greater comua of hyoid 
Lower part of body of hyoid bone 

Thyroid cartilage 
Corniculate cartilage 
Cuneiform cartilage 

Cricoid cartilage 
Arytenoid cartilage 

By intramembranous ossification of mesenchyme of I arch, maxilla, zygomatic, squamous part of temporal are developed. 

Pharyngeal pouch 
Dorsal ends of I and II pouches form 
tubotympanic recess 

Ventral part of II pharyngeal pouch 

Ill pharyngeal pouch 

IV pharyngeal pouch 

Table A.7: Derivatives of endodermal pouches 
Derivatives 
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 2 years of age 

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

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

Superior parathyroid or parathyroid IV 
V pharyngeal pouch (ultimobranchial body) Parafollicular or 'C' cells of the thyroid gland 

Dorsal part of I ectodermal cleft 

Auricle 

Rest of ectodermal clefts 

Table A.8: Derivatives of ectodermal clefts 
Epithelium of external auditory meatus. 

Six auricular hillocks; three from I arch and three from II arch 

Obliterated by the overgrowth of II pharyngeal arch. The closing membrane 
of the first cleft is the tympanic membrane. 
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CLINICAL TERMS 
Anaesthet ist 's arteries: These are the arteries used 
by the anaesthetists who are sitting at the head end 
of the patient being operated: 
• The superficial temporal artery as it crosses the 

root of zygoma in front of ear (see Fig. 5.3). 
• Facial artery at the anteroinferior angle of masseter 

muscle (see Fig. 2.17). 
• Common caro tid at the anterior border o f 

stemocleidomastoid. 
Hilton's method of draining parotid gland abscess: 

The incision given to drain parotid abscess is the 
horizontal incision or by making many holes. This 
incision does not endanger the various branches of 
facial nerve, coursing through the gland (see Fig. 5.8). 

Frey's syndrome: The sign of Frey's syndrome is 
the appearance of perspiration on the face while the 
patient eats food. In certain heal ing of wounds, the 
auriculotemporal nerve and great auricular nerves 
may join with each other. When the person eats food, 
instead of saliva, sweat appears on the face. 

W aldeyer's ring: It is the ring of lymphoid tissue 
present at the oropharyngeal junction. Its compo-
nents are lingual tonsils anteriorly, palatine tonsils 
laterally, tubal tonsils above and laterally and 
pharyngeal tonsils posteriorly (see Fig. 14.13). 

Killian's dehiscence: It is a potential gap between 
upper thyropharyngeus and lower cricopharyngeu 
parts of inferior constrictor muscle. Thyropharyngeus 
is the propulsive part of the muscle, supplied by 
recurrent laryngeal nerve, while cricopharyngeus is 
the sphincteric part, supplied by external laryngeal 
nerve. If there is incoordination between these two 
parts, bolus of food is pushed backwards in region 
of Killian's dehiscence, producing pharyngeal pouch 
or diverticula (see Fig. 14.22). 

Safe f:tJ muscle of lanp1x: Posterior cricoarytenoid 
muscles are the only abductors of vocal cords. The 
paralysis of both these muscles causes unopposed 
adduction of vocal cords, with severe dyspnoea. So 
posterior cricoarytenoid is the life- aving muscle 
(see Fig. 16.10). 

Singer's nodules: These are little swellings on the 
vocal cords at the junction of anterior one-third and 
pos terior two- thi rds of vocal cords. During 
phonation, the cords come close together, and there 
is slight friction as well. lf friction is more and 
continuous, there is some inflamma tion with 
thickening of vocal cords, leading to Singer's or 
Teacher's nodules (see Fig. 16.8). 

Tongue is pulled out during anaesthesia: Genio-
glossus muscles are responsible for protrusion of 
tongue. If these muscles are paralysed, the tongue 
falls back upon itself and blocks the airway. So 
tongue is pulled out during anaesthesia to keep there 
air passage clean (see Fig. 17.5). 

Passavant 's ridge: The horizon tal fibres of right 
and left palatopharyngeus muscles for m a 
Passavant's fold at the junction of nasopharynx and 
oropharynx. During swallowing, palatopharyngeus 
muscles form a ridge, which closes nasopharynx 
from oropharynx, so that bolus of food passes, 
through oropharynx only. In paralysis of these 
muscles, there is nasal regurgitation. 

Ludwig's angina: When there is cellulitis of floor 
of the mouth, due to infected teeth, the condition is 
known as Ludwig's angina. The tongue is pushed 
upwards and mylohyoid is pushed downwards. This 
cellulitis may spread backwards to cause oedema of 
larynx and asphyxia. 

Little's area of nose: This is the area in the antero-
inferior part of nasal septum. Four arteries take part 
in Kiesselbach's plexus formed by: 

Septa! branch of superior labial from facial artery, 
terminal part of sphenopalatine artery: 

• Anterior ethmoidal artery, 
• Greater palatine artery. Picking of the nose may 

give rise to nasal bleeding or epistaxis (see Fig. 15.5). 
Syringing of ear causes decreased heart rate: The 

external auditory meatus is supplied by auricular branch 
of vagus. Vagus also supplies the heart with cardio-
i.nhibitory fibres. During syringing of the ear, vagus nerve 
is stimulated which causes bradycardia (see Fig. 18.7). 

Nerve of near v ision: Oculomotor nerve is the 
nerve of close vision. Tt supplies medial rectus, 
superior and inferior recti. The sphincter pupillae 
and ciliaris muscles are supplied by parasympathetic 
fibres via Ill nerve. It also supplies levator palpebrae 
superiors which opens the eye. 

Inj11n1 to spine of sp11e11oid: Chorda tympani nerve 
is related on the medial side of spine of sphenoid, 
whi le auricufotemporal nerve is related on the lateral 
side. Chorda tympani gives secretomotor fibres to 
submandibular and sublingual salivary glands, 
whereas aurkulotemporal gives secrctomotor fibres 
to the parotid gland. So injury to spine of sphenoid 
may injure both these nerves affecting the secretion 
from all three saliva ry glands (see Fig. 6.10). 

Extradurnl haemorrhage: There is collection 
of blood due to rupture of middle meningeal vessels 
in the space between skull and the endosteum. It may 
press upon the motor area of brain. Blood has to be 
drained out from the point called 'pterion' (see Fig.1.11). 

Loss of corneal blink reflex: 1n case of injury to 
ophthalmic nerve, there is loss of corneal blink reflex 
as the affereint part of reflex arc is damaged. 

Loss of sneeze reflex: In injury to maxillary nerve, 
the sneeze reflex is lost, as afferent loop of the reflex 
arc formed by the maxillary nerve is damaged. 

Loss of jaw jerk reflex: The afferent and efferent 
limbs of the reflex arc are by V nerve. Damage to 
mandibular nerve causes loss of jaw jerk reflex. 
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l . a. Identify the foramen. 
b. Name the structures 

passing through it. 

2. a. Identify the foramen. 
b . Name the structures 

passing through It. 

3. a . Identify the muscle. 
b. Name its parts. 

4. a. Identify the arrow 
marked circled 
structure. 

b. What type of fibres are 
carried by it? 

5. a . Identify the highlighted 
structure. 

b. Trace its secretomotor 
fibres. 

I 
_, 

SPOTS 

6. a . Identify the structure. 
b. Name its branches in 

order. 

7. a. Identify the marked 
area. 

b. Name the vessels 
present here. 

8. a . Identify the structure. 
b . Name Its extrinsic 

muscles with their nerve 
supply. 

9. a . Identify the highlighted 
muscle. 

b . What is its action? 

l 0. a . Identify the organ. 
b . Name the arteries 

supplying it. 



HEAD AND NECK 

ANSWERS OF SPOTS 

l . a . Foramen magnum 
b. Lowest part of medulla oblongata 

Three meninges 
One anterior spinal artery 
Two posterior spinal arteries 
Two vertebral arteries 
Spinal root of XI 

2. a. Mandibular canal 
b . Inferior alveolar artery and nerve 

3. a . Orbiculoris oculi 
b . Orbital part, palpebral part and lacrlmol port 

4. a . Chorda tympani nerve 
b . General visceral efferent (GVE) fibres and special visceral afferent (Sp. VA) fibres 

5. a . Parotid gland 
b. Inferior salivotory IX tymponlc lesser petrosal otic postganglionlc 

fibres join auriculotemporal nerve parotid gland 

6. a . External carotid artery. 
b. Anterior: Superior thyroid. lingual and facial 

Medial: Ascending pharyngeal 
Posterior: Occipital and posterior auricular 
Terminal: Superficial temporal and maxillary 

7. a. Little's area 
b . Superior labial. greater palatine. anterior ethmoidal and sphenopalatine veins and capillaries. 

8. a. Tongue 
b. Palatoglossus, hyoglossus, styloglossus, genloglossus 

Polatoglossus is supplied by vogoaccessory complex, other three ore supplied by hypoglossol nerve. 

9. a . Posterior cricoarytenoid muscle 
b . Only abductor of the vocal cords 

l 0. a . Palatine tonsil 
b. Ascending palatine, ascending pharyngeal, dorsal lingue branches of lingual and greater palatine branch of 

maxillary artery. 



A 
Abnormal crania 3 I 
Abscess 

a pical of tooth 229 
mastoid 282 
retropharyngeal 84 

Acromegaly 206 
Adam's apple 93 
Adenohypophysis 204 
Angle 

facial 3 1 
Ansa 

cervlcalis l 04 
hypoglossi 104 

Aperture of nose 
anterior bony 9 
piriform 9 

Aponeurosis 
epicranlal 60 
palatine 233 

Apparatus 
lacrirnal 75 
styloid 165 

Aqueduct of vestibule 25 
Aqueous humour 293 
Arch alveolar 13 

of atlas 
anterior 51 
postertor 51 

of mandible 10 
palatoglossal 238 
palatopharyngeal 238 
vertebral 50 
zygoma tic 11 

Area. areas 
dangerous of 

face 72 
scalp 63 

Little 251 
of Kiesselbach 25 1 

Arteria thyroidea Ima 147 
Artery. artertes 

alveolar 
anterior s uperior 123 

Inferior 122 
posterior superior 123 

a urtcular 
deep 122 
postertor 103 

caroticotympanlc 209 
carotid 

common 100 
external 101 

branches of 102 
cervical 

deep 155 
transverse 155 

cillary 
antertor 217 
posterior 21 7 

costocervlcal 155 
deep auricular 122 
ethmoidal 2 18 
facial 71 

anastomoses of 7 1 
transverse 7 1 

hypophyseal 
inferior 205 
superior 205 

infraorbltal 123 
labial 

inferior 71 
superior 71 

lacrtmal 2 I 7 
laryngeal, superior l 02 
lingual 102 
maxillary 104. 12 l 
meningeal 

accessory 122 
middle 207 

nasal 
dorsal 2 18 
lateral 7 l 

occipital I 03 
ophtha lmic 216 
palatine 

ascending 103 
greater 123 

pharyngeal 
ascending 239 

333 

Index 

pterygoid 122 
scapular. dorsal 155 
sphenopalatine 250 
subclavian 153 
submental 103 
supraorbltal 61, 2 18 
suprascapular 90 
supratrochlear 61, 218 
thoracic. internal 154 
thyrocervlcal 155 
thyroid 

inferior 147 
superior 14 7 

Lhyroidea ima 14 7 
to masseter 122 
to pterygold muscles 122 
tympanic. anterior 122 
vertebral 168 

branches of 1 71 
development of l 71 

Asterlon 12 
Atlas 51 
Atrium of middle meatus of nose 251 
Auricle 272 
Axis 

visual 2 12 

B 
Bar, costotransverse 50 
Baroreceplor 100 
Body 

carotid 100 
of mandible 3 1 
vitreous 305 

Bone, bones 
cranial 

tables of 5 
elhmoid 45 

cribrtform p late of 45 
frontal 40 
hyoid 48 
lnfertor nasal concha 46 
lacrlmal 47 
maxilla 35 
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nasal 47 
occipital 

condylar part of 39 
squamous part of 39 

ossification of cranial bones 55 
palatine 48 
parietal 38 
sphenoid 43 
sutural 30 
temporal 41 

squamous part of 4 1 
tympan.ic part of 42 

vomer 46 
wormian 30 
zygomatic 46 

C 
Calvaria 4 
Canal. canals 

carotid 56 
condylar 

anterior 56 
posterior 56 

ethmoidal 
anterior 56 
posterior 56 

hypoglossal 56 
infraorbilal 57 
mandibular 57 
of Schlemm 299 
optic 56 
palatinovagtnal 57 
semicircular 294 
vertebral, contents of 183 
vomerovaginal 57 

Canaliculus, canalicull 
for chorda tympani 

anterior 290 
posterior 290 

mastoid 57 
tympanlc 57 

Cartilages of la rynx 263 
Cave 

Meckel's 197 
nasal 248 
oral 2 17 
trtgeminal 197 

Cell. cells 
of hypophysts cerebri 205 
of thyroid 148 

Cephalhaematoma 63 
Cephalic index 31 
Cervical pleura 167 
Chain , sympathetic, cervical 160 
Choroid 302 
Clinical anatomy 

adenoids 237 
a llergic rhinitis 249 
aneurysm of subclavlan 

artery 155 

Bell's palsy 69 
black eye 63 
blephar iUs 75 
Caldwell-Luc operation 256 
caput succedaneum 6 
carcinoma of max:illary sinus 256 
carcinoma of tongue 279 
cataract 305 
caudal epidural 191 
caullflower ear 287 
cervical caries 84 
cervical rib 90 
chalazion 74 
chronic olllls media 293 
cleft palate 235 
conjunctivitis 74 
corneal opacities 30 1 
cyst sebaceous 63 
dental caries 229 
deviated nasal septum 251 
dis location of mandible 127 
dysphagia lusoria 90 
dysphonia 383 
earache 297 
ectropion 74 
eplphora 76 
eustachian catarrh 293 
extradural and subdural 

haemorrhage 199 
extradural haemorrhage 199 
fontanelles 6 
foreign body in larynx 267 
fracture of 

anterior cranial fossa 23 
hyoid bone 50 
mandible 35 
m!ddle cranial fossa 24 
nasal bone 9 
posterior cranial fossa 26 

ganglion of hay fever 258 
glaucoma 304 
glossitls 275 
Hutchinson's teeth 221 
hyperacusis 293 
hypermetropla 30 l 
infa nt's larynx 272 
jugular venous pressure 88 
Koplik's spots 225 
laryngitis 267 
laryngoscopy 267 
laryngotomy 271 
lingual tonsil 237 
LitUe's area 250 
Ludwig's angina 97 
lumbar epidural 191 
mastoid abscess 293 
maxillary s inusitis 256 
meningitis 187 
mumps 109 
myasthenla gravls 14 7 

myopia 290 
neck rigidity 187 
noise pollution 298 
otosclerosls 282 
parotld abscess 113 
parotidectomy 113 
perlchondritls 276 
peritonslllar abscess 231 
pharyngeal diverticula 235 
pituitary tumours 206 
pterion 12 
ptosls 74 
puncture 

clstemal 191 
lumbar 191 

pyorrhoea alveolaris 229 
referred pain 128 
retinal detachment 293 
scurvy 221 
sebaceous cyst 63 
Singer's nodules 257 
sinusitis 246 
smuggler's fossa 267 
strabismus/squint 216 
stye 75 

subclavian steal 151 
syringing 275 
Teacher's nodules 257 
tetany 151 
thyroldectomy 145 
tonsillitis 231 
tortlcollis 87 
tracheostomy 96 
trachorna 75 
lrigeminal neuralgia 70 
viral parotitis 109 
Virchow's lymph node 159 

Clinical Terms 328 
Cochlea. duct of 284 
Common annular tendon 214 
Conchae. nasal 252 
Cones 304 
Constrictors of pharynx 241 

gaps 242 
Conus elasticus 266 
Cornea 300 
Crista galli 22 
Cup, physiological 304 
Cysts. sebaceous 63 

D 
Dangerous area of face 72 
Deglutitlon 244 
Dehiscence. Killian's 243 
Dens 52 
Development of 

ear 272 
ectodermal clefts 327 
eyeball 299 



face 64 
hypophysis cerebri 204 
of arteries 160 
palate 235 
paranasal sinuses 245 
parathyroid 152 
parolid gland 108 
pharyngeal arches 327 
pharyngeal pouches 327 
teeth 228 
thymus 152 
thyroid 149 
tongue 280 
tonsil 239 
vertebral artery 1 71 

Dlaphragma sellae 198 
Dlploe 5 
Dislocation. of mandible 127 
Dissection 

anatomy of larynx 262 
arteries of the face 71 
carotid triangle 99 
cavernous sinus 199 
cervical part of sympathetic 
trunk 159 

common carotid artery 156 
conchae and meatuses 252 
cornea 300 
cranial cavity 195 
external acoustic meatus 284 
external features of tongue 274 
extraocular muscles 213 
eyelids 73 
face 64 
hard and soft palates 230 
hypophysls cerebri 204 
lacrimal apparatus 75 
la leral wall of nose 251 
lens 305 
lymphatic dralnage of head 
and neck 162 

mandjbular nerve 128 
maxillary artery I 21 
middle ear 288 
muscles of maslicalion 11 7 
muscles on back of the neck 182 
muscular triangle 104 
nasal septum 250 
orbits 212 
other struclures seen In c-ranial 
cav1ty after removal of brain 208 

outer coal of eyeball 299 
parana al sinuses 254 
parotid region 108 
pharynx 236 
posterior triangle 87 
pterygopalaline ganglion 258 
removal of spinal cord 189 
scalene muscles 1 71 
scalp and superflc-lal temporal 
region 60 

slructures ln between pharyngeal 
muscles 242 

structures in the anterior medial 
region of the neck 94 

subclavian artery 153 
submandibular salivary gland 136 
submental and digaslric 
triangles 97 

subocclpltal triangle 185 
suprahyoid muscles 134 
temporomanrubular joint 123 
the neck 79 
thyroid gland 144 
l.rigeminal ganglion 206 
tympanic anlrum 292 
vertebral artery 168 
vessels of the orbit 216 

Duct. duels 
nasolacrimal 76 
parotid 111 
submandibular 138 
thoracic 159 
thyroglossal 149 

Dysphagia lusoria 90 

Ear 
external 283 
internal 294 
middle 288 

E 

boundaries of 288 
osslcles of 290 

Endocranium 196 
Epipia 190 
Eplstaxis 251 
Exophtha lmos. pulsating 201 
Eye black 63 
Eyeball 299 
Eyelids 73 

F 
Face 64 

arteries of 71 
dangerous area of 72 
development of 76 
motor nerve supply 67 
muscles of 64 
sensory nerves of 70 
veins of 72 

Factor. hormone releasing 205 
Fascia 

buccopharyngeal 85 
cervical 

deep 81 
investing layer 81 

carotid sheath 85 
orbital 212 
palpebral 74 

INDEX 335 

parotid capsule 108 
pharyngobasilar 85 
pretracheal 84 
prevertebral 84 
temporal I l 7 

Fon tanelle, fontanelles 6 
Foramen, foramina 

ethmoldal 
anterior 56 
ovale 5(3 
posterior 56 
spinosum 56 

for zygomatic nerve 57 
greater palatine 56 
Incisive 5Ei 
infraorbital 57 
jugular 56 
lesses palatine 57 
of anterior cranial fossa 56 
of middle cranial fossa 56 
of posterior· cranial fossa 56 
of skull 56. 57 
s upraorbital 57 
transversarium 50 
vertebral 50 
zygomaticofacial 57 
zygomaticol.emporal 57 

Forehead 59 
Fornix 

conjunct1va1 59 
Fossa 

canine 35 
cranial 

anterior 22 
middle 23 
posterior 24 

hypophysea l 23 
incisive 31 
lnfratemporal 116 
ptcrygopalatine 256 
sublinguaJ 31 
submandlbular 3 l 
summary or plerygopalatine 

fossa 259 
supraclav1cular 

greater 79 
lesser 7B 

temporal I 16 
Frankfurt plane 4 

G 
Ganglion, ganglia 

clJiary 220 
olic 131 
pterygopalatine 258 
submandibular 139 
sympathetic. cervical 159 
trigemlnal 206 

Gigantlsm 20fi 
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Gland, glands 
lacrimal 75 

n erve supply of 76 
meibomian 7 4 
of Moll 74 
of Zeis 74 
parathyroid 149 
parotid 108 

accessory 1 11 
external features of 109 
n erve supply of 112 
structures within 111 

pituitary 204 
subllngual 139 
submandibular 136 

n erve s upply of 139 
tarsal 74 
thyroid 144 

arterial supply of 147 
rela tions of 146 
venou s drainage of 147 

Glossitis 275 
Goitre 149 

H 
Has ner valve 76 
HeUcotrema 283 
Hiatus 

for greater petrosal nerve 56 
for lesser petrosal nerve 56 

Hilton's method I 1 I 
Hormone 

ACTH 205 
F'SH 205 
GH 205 
ICSH 205 
lactogenic 205 
LH 205 
STH 205 
TSH 205 

Humour. aqueous 304 
Hyoid bone 48 
Hyperparalhyroidism 151 
Hyperthyroidism 149 
Hypoparathyroidism 151 
Hypophysis cerebri 205 

arterial s upply of 205 
hormones of 205 
lobes of 204 

I 
Impression, trigemina l 197 
lncus 291 
Index, cephalic 3 1 
Infundibulum of nose 253 
Inion 6 
Iris 302 

J 
Joint. joints 

atlantoaxial 1 77 
atlanto-occipital 177. 178 
lncudomalleolar 291 
incudostapedial 29 1 
intervertebral. cervical 177 
laryngeal 263 
of neck 177 
of ossicles of ear 291 
of skull 4 
temporom andibular 123 

blood supply of 126 
disc of 124 
ligaments of 124 
movemen ts of 126 
rela tions of 124 

Junction, sclerocorneal 299 

K 
Killian's dehiscence 243 

L 
Labyrinth 

bony 294 
membranous 295 

Lacrimal 
a pparatus 75 
canaliculi 76 
sac 76 

Laryngeal prominence 253 
Laryngopharynx 236 
Laryngoscopy 2 7 I 
Larynx 262 

carWages of 263 
cavity of 266 
mucous membrane of 266 
muscles of 268 
nerve supply of 27 l 
ventricle of 266 
vestibule of 266 

Lens 305 
capsule of 305 
suspensory ligamen t of 305 

Ligament. ligaments 
alar 180 
a pical 179 
apical of dens l 79 
check 

lateral 214 
medial 214 

cruciform 179 
Oavum 177 
of atlas. transverse 1 77 
of Berry 14 1 
of temporomandibular joint 121 
sphenomandibula r 34 
stylohyoid 165 
stylomandibular 160 

s uspensory, of lens 305 
suspensory, of thyroid 141 
ligamentum dentic ulatum 190 

Lymph node, nodes 
deep circle 163 
jugulo-omohyoid 163 
jugulodigastI;c 163 
of head and :neck 162 
of Virchow 165 
superficial circle 162 

Lymphopoielin 152 

M 
Macula 

lutea 304 
of internal ear 296 

Mandible 
attachments on 32 
ossification of 34 

Maxilla 35 
Meckel's cave 198 
Membrana tectorla 179 
Membrane. membranes 

basilar 295 
Bowman's 301 
cricovocal 266 
Descemel's 30 1 
laryngeal 2135 
quadrate 266 
thyrohyoid 99. 265 
tympanic 285 

Movements of 
eyeball 2 15 
vocal folds 270 

Muscle, muscles 
aryeplglottlcus 268 
aryten oid 

oblique 268 
transverse 268 

buccinator 66 
compressor narls 66 
constrictor of pharynx 241 
cmTIJgator s upercilii 66 
crlcoarytenoid. lateral 268 
cricolhyrold 268 
dlgaslric l :35 
extraocular 2 I 3 
geniohyoid 135 
hyoglossus 135 

relations of 136 
longus colli 169 
longus capltis 169 
levator a nguli oris 66 
Jevator labii. superioris alaeque 

nasl 66 
levator palp,ebrae superiorls 215 
Jongisslmus capitis 184 
masseter 118 
men talls 67 
Muller 74 
mylohyoid 135 

• 



obUqus capitis 
inferior 185 
s uperior 185 

occipltaJls 8 
occipitofronta lis 60 
of face 66 
of larynx 268 
of mastication 118 
of middle ear 29 1 
of pharynx 241 
omohyoid 106 
orbicularis oculi 66 
orbicularis oris 66 
palat oglossus 233 
palatopharyngeus 233 
plalysma 67 
procerus 66 
pterygold 

lateral 118 
rela tions of 1 l 9 

medial 118 
musculus uvulae 233 
rectus capltis 

an terior 169 
laleralis 169 
posterior major 185 
posterior minor 185 

risorius 67 
scalene 172 
spinalis 184 
semispinalis 184 
splenius 183 
slem ocleidomasloid 85 
slemohyoid 106 
stem othyroid 106 
styloglossus I 65 
s lylohyoid 135 
stylopharyn geus 165 
temporalis 118 
tensor veli palatini 233 
tensor tympani 233, 29 1 
thyroarytenoid 268 
thyroepiglolticus 268 
Lhyrohyoid 106 
zygomatlcus major 66 
zygomatlcus minor 67 

N 
eek 
anterior med ian region of 94 
back of 182 
triangles of 

anlerior 97 
carotid 99 
cligaslric 97 
muscular 104 
submental 97 

Nerve roots 
dorsal 192 
ventral 192 
alveolar 

anterior superior 258 

middle superior 258 
posterior 257 

a uriculotemporal 129 
buccal 129 
chorda tympani 137 
frontal 214 
infelior alveolar 128, 130 
infraorbital 257 
infratrochlear 70 
lacrimal 70 
lingual 130 
long ciliary 222 
mandibula r 128 
masseteric 129 
maxillary 25 7 
mental 130 
mylohyoid 130 
nasal 

external 70 
nasociliary 222 

nasopalatine 259 
optic 220 
petrosal 

deep 2 10 
externa l 2 10 
greater 209 

phrenic 175 
zygomaticofacial 257 
zygomatlcotemporal 257 

Noise pollution 298 
Norma lof s kull) 

basalis 13 
fron talis 8 
latera lis I 0 
occipitalis 6 
vertlcalis 5 

Nose 239 
cavity of 248 
conchae of 252 
lateral wall of 25 1 

blood supply 253 
lymphatic drainage 254 
nerve s upply 253 

meatuses of 
in ferior 252 
middle 253 

septu m of 250 

0 
Oesophagus I 77 
Orbit 2 12 

contents of 212 
n erves of 220 
vessels of 2 16 

Oropharynx 228 
Ossification 

cranial bones 55 
of mandible 34 
of typical cervical vertebra 52 

Osteology. of head and neck 3 

p 

Palate hard, soft 230 
Paralhormone 150 
Parietal eminence 6 
Parietal foramen 6 
Parotid region 108 

INDEX 337 

Parts of hypophysis cerebli 204 
pa late 

hard 230 
soft 23 1 

Pharynx 227 
blood supply of 244 
constrictors of 24 1 
laryngeal part of 239 
nasal part of 236 
oral part of 236 
structure of 240 

Pituitary gland 204 
Pla ne. Frankfurt 4 
Plate plerygoid 

lateral 15 
medial 15 

Plexus 
brachial 90 
cervical 1 73 

Portal vessels, in hypophysis 
cerebri 205 

Q 
Quadliplegia 192 
Queckenstedt's lest 192 

R 
Radiological anatomy 

of head an d neck 306 
Region 

frontal of skull 3 
lnfratemporal J 16 
parotid 108 
prevertebral 168 
s u bmandibu lar 134 
temporal 1 16 

Relina 303 
iridial part of 304 
optical part of 303 

Ring. lymphatic. 
Waldeyer's 237 

Scalp 60 
artelies of 6 1 

s 

lymphatic drainage of 63 
nerves of 63 
s tructure 60 
venous d rainage of 62 

Septum 250 
blood supply 250 
nasal 250 
n erve supply 2 50 
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Sheath carotid 85 
fasclal, of eyeball 212 

Sinus 
carotid 99 

Sinus. sinuses 
paranasal 254 

ethmoidal 255 
anterior 255 
middle 255 
posterior 255 

frontal 255 
maxillary 255 
sphe noidal 255 

venous. of dura mater 
cavernous 199 

Skull 

draining channels of 200 
factors helping expuls ion of 

blood 201 
tributaries of 200 

occipital 203 
sagittal 

inferior 203 
superior 202 

s igmoid 203 
straight 203 
transverse 203 

anatomical position of 4 
exterior of 5 
foetal 28 
fractures of 

in old age 54 
interior of 20 

peculiarities 5 
postnatal growth of 29 
sex differen ces in 30 

Space 329 
epidural 189 
pharyngeal 85 
subarachnold 190 
subdural 190 

Speech mechanis m 272 
Sta pes 291 
Stylold apparatus 165 
Styloid process 12 
Surface landmarks of 

head and neck 308-313 
Surface marking 313 

accessory nerve 315 
auriculotemporal 3 15 
common carotid arteries 3 13 
external carotid artery 3 13 
facial artery on the face 3 13 
facial nerve 3 15 
glossopharyngeal nerve 3 15 
hypoglossal nerve 3 16 
maxillary sinus 3 17 
middle meningeal artery 3 13 
palatine tonsil 3 17 
parotid gland a nd duct 3 16 
su bclavlan artery 3 13 
subclavtan vein 3 14 

superior saglttal sinus 3 14 
thyroid gland 3 1 7 
transverse sinus 3 14 
trlgemlnal ganglion 316 
trunk of mandibular nerve 315 
vagus nerve 3 15 

Suture, s utures 
of skull 4 
coronal 4 
frontomaxillary 10 
frontonasal 10 
intermaxillary 10 
internasal 10 
lacrtrnomaxillary 10 
lambdold 5 
me topic 5 
nasomaxillary 10 
occipitomastoid 7 
saglttal 5 
zygomaticofrontal 10 
zygomaticomaxillary 10 

T 
Teeth 227 

cementum of 227 
deciduous 227 
dentine of 227 
development of 228 
enamel 227 
eruption 228 
form and functions of 228 
permanent 227 

Tetany 15 1 
Thymus, functions 151 
Thyrocervtcal trunk 155 
Thyroidectomy 149 
Tongue 

blood supply of 277 
developmen t of 280 
histology of 278 
lymphatic drainage of 278 
muscles of 276 
nerve supply of 268 
papillae of 275 

fll!form 276 
fungiform 275 
vallate 275 

Tonsil 
palatine 237 

arterial supply 238 
capsule of 237 
lymphatic drainage of 239 
n erve s upply of 239 

Trachea 175 
Triangle of neck 

anterior 96 
carotid 99 
digastric 97 
muscular 104 
submental 97 

posterior 87 

scalenovertebral 162 
subocclpital 185 
subclavlan 88 
supraclavlcula r 88 

Trunk 
bronchomedlastinal 164 
jugular 164 
thyrocervtcal 155 

Tube, auditory 244 
Tuber 

frontal 9 
parietal 6 

Tuberculum sellae 23 

u 
Umbo 285 
Utricle 295 
Uvula 23 1 

V 
Vault of skull (.calvarta) 4 
Velo, veins 

Jugular 
Internal 158 

ophthalmic 
Inferior 219 
su perlor 2 18 
pharyngeal 244 

pterygold plexus of 123 
subclavtan 158 
suboccipltal plexus 187 
thyroid 

fourth 148 
inferior 147 
middle 147 
of Kocheir 148 
superior 147 

vertebral system of 187 
Vertebrae 

cervical 50 
first 51 
second !'>2 
seventh 53 
typical e,o 

Vestibule of 
Internal ear 294 
larynx 266 
mouth 225 

Vitreous body 305 
Vocal fo lds 

movements of 270 

w 
Waldeyer's lymphatic ring 237 
Water's position for s ktagram of 

s inuses 3 17 

z 
Zinn. common tendlnous ring 214 
Zonule. ctliary 302 
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