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Figure |7.2 Migration pathways of neural crest cells from forebrain, midbrain, and hindbrain regions into their final loca-
tions (shaded areas) in the pharyngeal arches and face. Regions of ectodermal thickenings (placodes), which will assist crest
cells in formation of the fifth (V). seventh (Vl), ninth {IX}. and tenth (X) cranial sensory ganglia. are also illustrated.
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Figure 17.3 Development of the pharyngeal arches. A. 25 days. B. 28 days. C. 5 weeks.

Pharyngeal pouches
/|
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Stomodeum :
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Trachea and lung bud
Figure |7.4 Pharyngeal pouches as outpocketings of the foregut and the primordium of the thyroid gland and aortic

arches.
Frontonasal prominence Frontonasal prominence

Masal placode
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Mandibular arch Mandibular arch
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Figure 17.5 A. Frontal view of an embryo of approximately 24 days. The stomodeum, temporarily closed by the oropha-
ryngeal membrane, is surrounded by five mesenchymal prominences. B. Frontal view of a slightly older embryo showing
rupture of the oropharyngeal membrane and formation of the nasal placodes on the frontonasal prominence. €. Scanning
electron micrograph of a human embryo similar to that shown in B.
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TABLE 17.1 Derivatives of the Pharyngeal Arches and Their Innervation
Pharyngeal Arch MNerve Muscles Skeleton
|. Mandibular V. Trigeminal: maxillary Mastication (cemporal; Premaxilla, maxilla, zygomatic
(maxillary and mandibular divisions masseter, medial, lateral bone, part of temporal bone,
and mandibular pterygoids), mylohyoid, Meckel's cartilage, mandible
processes) anterior belly of digastric.  malleus, incus, anterior ligament
tensor palatine, tensor of malleus, sphenomandibular
Tympani ligament
2. Hyoid VIl. Facial Facial expression Stapes, styloid process, stylohyoid
(buccinator, auricularis, ligament, lesser horn and upper
frontalis, platysma, portion of body of hyoid bone
orbicularis oris, orbicu-
laris oculi) posterior belly
of digastric, stylohyoid,
stapedius
3. IX. Glossopharyngeal Stylopharyngeus Greater horn and lower portion
of body of hycid bone
44 X. Yagus Cricothyroid, levator Laryngeal cartilages (thyroid.
= Superior laryngeal branch  palatine, constrictors of criceid, arytencid, corniculate,
{nerve to fourth arch) pharynx cuneiform)
* Recurrent Intrinsic muscles of larynx
branch (nerve to sixth
arch)

which of the following are associated with the 2nd pharyngeal arch?

a) the malleus bone

b) facial nerve

c) glossopharyngeal nerve

d) the lower portion of the hyoid bone

Orbicularis oculi

Frontalis

Buccinator

Orbicularis oris

Temporalis

Auricularis

Occipitalis

Stylohyoid

%/ﬂ;/’ Stylopharyngeus

Masseter Anterior and
posterior bellies
Mylohyoid of digastric muscle
Pharyngeal
muscles

Clavicle

Sternocleidomastoid

Platysma

Artery
Nerve
Cartilage 1st pharyngeal arch
Fharyngea Pharyngeal cleft
pouch

ard arch

2nd arch

Laryngeal opening

Spinal cord

Figure 17.6 Drawing shows the pharyngeal arches cut in cross section. Each arch consists of a mesenchymal core
derived from mesoderm and neural crest cells and each is lined internally by endoderm and externally by ectoderm.
Each arch also contains an artery {one of the acrtic arches) and a cranial nerve and each will contribute specific skel-

etal and muscular components to the head and neck. Between the arches are pouches on the inner surface and clefts
externally. www.FirstRanker.com
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. Branchial cysts or lateral cysts:

a) are found along the anterior border of the sternocleidomastoid

muscle

b) are formed from a rupture of the membrane between pharyngeal

pouches and branchial clefts
c) are remnants of the thyroglossal duct
d) are found in front of the ear

Trigeminal ganglion

Facial nerve

Ophthalmic branch

nerve VvV

Maxillary branch
nerve V

Mandibular branch
nerve \V

www.FirstRanker.com www.FirstRanker.com

Figure |17.7 Each pharyngeal arch is supplied by its own cranial nerve. The trigeminal nerve supplying the first pharyngeal
arch has three branches: the ophthalmic, maxillary, and mandibular: The nerve of the second arch is the facial nerve; that of

the third is the glossopharyngeal nerve. The musculature of the fourth arch is supplied by the superior laryngeal branch of

the vagus nerve, and that of the sixth arch, by the recurrent branch of the vagus nerve.

Zygomatic bone

B cartilage

Figure 17.8 A. Lateral view of the head and neck region demonstrating the cartilages of the pharyngeal arches
participating in formation of the bones of the face and neck. B. Various components of the pharyngeal arches later
in development. Some of the components ossify; others disappear or become ligamentous. The maxillary process
and Meckel’s cartilage are replaced by the maxilla and mandible, respectively, which develop by membranous

ossification.
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Figure 17.9 Definitive structures formed by the cartilaginous components of the various pharyngeal arches.

1 Pharyngeal
pouches

Parathyroid
gland (superior)
' Ultimobranchial

A body

Laryngeal
orffice

Figure 17.10 A. Development of the pharyngeal clefts and pouches. The second arch grows over the third and fourth
arches, burying the second, third, and fourth pharyngeal clefts. B. Remnants of the second. third, and fourth pharyngeal
clefts form the cervical sinus, which is normally obliterated. Mote the structures formed by the various pharyngeal pouches.

TABLE 17.2 Derivatives of the

Pharyngeal Pouches

Pharyngeal Pouch  Derivatives

| Tympanic (middle ear) cavity
Auditory (eustachian) tube
1 FPalatine tonsils
Tonsillar fossa
3 Inferior parathyroid gland
Thymus
4 Superior parathyroid gland
ultimobranchial body (parafollicular
[C] cells of the thyroid gland)
Primitive Aﬁgﬁm h;fen;;:lﬁﬂrlnd; Foramen
tympanic cecum
cavity
External
auditory

meatus

Palatine tonsil

Superior
parathyroid gland
(from 4th pouch)

Inferior b -
parathyroid gland . = Thyroid
(from 3rd pouch) gland

Ultimobranchial body
Thymus Foregut

Figure 17.1 | Migration of the thymus, parathyroid glands, and ultimobranchial body. The thyroid gland originates in the
midline at the level of the foramen cecum and descends to the level of the first tracheal rings.
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Which of the following structure is NOT part of the first branchial arch?
a) malleus

b) mandibular process

c) sphenomandibular ligament

d) stylohyoid ligament

Hindbrain Region

Midbrain \

Forebrain

OTX2

HOXAZ2

HOXA3, HOXB3, HOXD3

Figure 17.12 Drawing showing the pathways of neural crest cell migration from the cranial neural folds into the face and
pharyngeal arches. From the hindbrain region, crest cells migrate from segments called rhombomeres. Rhombomeres express
a specific pattern of HOX genes (the midbrain and rhombomeres | and 2 express the homeodomain-containing transcrip-
tion factor OTX2; see also Fig. 18.31).and neural crest cells carry these expression patterns into the pharyngeal arches. Also,
notice that there are three streams of crest cells and that rhombomeres 3 and 5 do not contribute many (if any) cells to
these streams. The three streams are important because they provide guidance cues for cranial nerves growing back from
their ganglia to establish connections in the hindbrain (see also Fig. 18.40).

~—
S
a R
\ A
\ )
P
W BMP7
W FGrs
[ PAx1 _
[] sHH O
A WEMP? [ OTX2
BEGF8 [ HOXA?
47/ SHH ] HOXA3, B3, D3

Figure 17.13 A,B. Drawings showing the gene expression patterns in pharyngeal arch endoderm and mesenchyme.
Endoderm is responsible for patterning the skeletal derivatives of the arches, but the response of the mesenchyme to these
signals is dictated by the genes that the mesenchyme expresses. Gene expression in the endoderm of the pouches shows a
specific pattern: FGFE is expressed in the anterior region of each pouch with BMP7 expressed in the posterior region; SHH
is expressed in the posterior region of pouches 2 and 3, while PAX| is expressed in the dorsal-most area of each pouch.
A,B. Mesenchymal expression patterns are established by neural crest cells that migrate into the arches and carry the
genetic code from their rhombomeres of origin (or also from the midbrain in the case of the first arch) to the arches B

(see also Figs. 17.12 and 18.31).
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Figure 17.14 A. Lateral cervical cyst opening at the side of the neck by way of a fistula. B. Lateral cervical cysts and
fistulas in front of the sternocleidomastoid muscle. Note also the region of preauricular fistulas. C. A lateral cervical cyst
opening into the pharynx at the level of the palatine tonsil.
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Figure |7.15 Patient with a lateral cervical cyst.
These cysts are always on the lateral side of the neck
in front of the sternocleidomastoid muscle. They com-
maonly lie under the angle of the mandible and do not
enlarge until later in life.
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the emall chin, e e .

Tuberculum impar
Temninal sulcus of tongue

Foramen Palatine tonsil
Copula Cecum :
(hypobranchial . Laryngeal orifice Root of tongue
eminence) | . ’ : 7
- : Arytenoid swellings
Epiglottal swelling

Figure 17.17 Ventral portion of the pharyngeal arches seen from above showing development of the tongue. | to IV,
the cut pharyngeal arches. A. 5 weeks (-6 mm). B. 5 months. Note the foramen cecum, site of origin of the thyroid

primordium.
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The hypobranchial eminence contributes to formation of:
a) anterior portion of the tongue

b) Posterior portion of the tongue

c) musculature of the tongue

d) Epiglottis

Myoblasts form the occipital myotomes believed to give rise to the
muscle of the:

a) eye

b) face

c) ear

d) tongue

Epiglottis

Palatopharyngeal
arch

Palatine tonsil

Lingual tonsil

Palatoglossal
arch

Terminal sulcus
Foliate papillae
Vallate papilla

Medial sulcus
of the tongue

Dorsum of tongue
Fungiform papilla
Filiform papilla

© 2013 Pearson Education, fng.

Tympanic cavity and pharyngotympanic tube Tongue

Foramen cecum

Tympanic membrane

» —— Exlernal acoustic meatus

Lymphoid tissue

Palatine tonsil Skin of neck

Superior parathyroid gland

Tonsillar sinus Inferior parathyroid gland

C
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A

Figure 17.18 A.The thyroid primordium arises as an epithelial diverticulum in the midline of the pharynx
immediately caudal to the tuberculum impar. B. Position of the thyroid gland in the adulc. Broken line, the path of

migration.

1“Fl“l“- gy wTEd F'I'h'l'll'“-' Fﬂi'h:r

Thyroid gland -

Figure 17.19 Thyroglossal cysts. These cysts, most frequently found in the hyoid region, are always close to the

midline.

www.FirstRanker.com



:l », FirstRanker.com

L Firstranker's choice . )
www.FirstRanker.com www.FirstRanker.com

Thyroglossal cysts

Figure |7.20 Thyroglossal cyst. These cysts. which are remnants of the thyroglossal duct. may be anywhere along

the migration pathway of the thyroid gland, They are commonly found behind the arch of the hyoid bone. An important
diagnostic characteristic is their midline lecatien.

The most common site of a thyroglossal cyst is the

a) Dorsal aspect of neck
b) Anterior border of sternocleidomastoid muscle
c) Superior mediastinum
d) Midline close to the hyoid bone
Otic placode
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MNasal placode

Lens placode

Heart bulge
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Umbilical cord = Stomodeum
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Cardiac 2nd and 3rd
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DEVELOPMENT OF FACE

Figure 17.29 A. Lateral Clef ip (compars to Fig. 17.28C). B. Blsteral clefk Iip (compare to g, 17.280). C. Clek palase
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MACROSTOMIA

—

s

_—

Bilateral cleft of lip & palate

(fig.1)

cleft of the hard & soft palates

(fig.2)

Unilateral cleft of lip
(fig 3)
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cleft of lip & palate

(fig.4)

Bifid uvula
(fig 5)
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Nasal placode

Maxillary process

Mandibular process

2nd Arch

Figure 17.21 A. Lateral view of an embryo at the end of the fourth week, showing position of the pharyngeal arches. B.
Frontal view of a 4.5-week embryo showing the mandibular and maxillary prominences. The nasal placodes are visible on
either side of the frontonasal prominence. €. Scanning electron micrograph of a human embryo at a stage similar to that of B.

Frontonasal
prominence

MNasal pit
Mauxill -+— Nasal pit
pmminéﬂl?cﬂ _ _,F Lateral nasal
: ' prominence
Mandibular §
prominence

Masolacrimal
groove

Stomodeum

Figure 17.22 Frontal aspect of the face. A. 5-week embryo. B. 6-week embryo. The nasal prominences are gradually
separated from the maxillary prominence by deep furrows.

Lateral nasal prominence

Medial nasal prominence

Maxillary prominence

Mandibular prominence -+ MNasolacrimal
groove Philtrum

A B

Masal pit Lateral nasal prominenc

Medial nasal prominence Eye

Maxillary prominence

Mandibular prominence

- External ear

Figure 17.23 Frontal aspect of the face. A. 7-week embryo. Maxillary prominences have fused with the medial nasal
prominences. B. |0-week embryc. C. Photograph of a human embryo at a stage similar to that in A.
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Figure 17.24 A. Intermaxillary sogmont and maxillary procetses. B. The mtermaxillary segment giving rise to the
philtrum of the upper lip. the median part of the maxillary bone with its four incisor teath, and the triangular primary

palate.

The intermaxillary segment forms via the fusion of the

a) Maxillary prominences

b) Mandibular prominences
c) Medial nasal prominences
d) Lateral nasal prominence

> rounded thickening in the
lower lateral parts of the fronto-nasal process.

> Invagination of
placode will form nasal pits which are
surrounded by medial & lateral nasal
prominences (folds).

> from fused medial
nasal prominences . It forms intermaxillary.
segments that form middle part of nose, filtrum,
part ofi upper jaw that carries upper 4 INCISers
and primary palate.

> It'is separated from side of fronto-nasal
process by naso-lacrimal groove, inside
which a cord of ectodermal cells Is formed

then becomes canalized to form _
. Its upper end forms lacrimal

SdC.

> Maxillary process fuses with fronto-nasal
process covering naso-lacrimal duct.

> It forms lower boundary of nasal pit.

> It Is separated from other maxillary
process by intermaxillary segment.
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-It also fuses partially with mandibular
process to form the cheek.

-Palatine process is formed as inward
projection of maxillary process to form
secondary palate which divides
stomodeum into upper nasal and lower
oral cavity.

So maxillary process forms

> It forms lower part of cheek, whole lower: lip and lower:
Jaw and fleor of mouth.

>

> from intermaxillary segment of
fronto-nasal process.

> from palatine processes of
maxillary processes that form most of hard palate and
Soft palate.

> -Hard palate receives downward growth of nasal
septum.

TABLE 17.3 Structures Contributing to
Formation of the Face

Prominence Structures Formed

Frontonasal® Forehead, bridge of nose, and medial
and lateral nasal prominences

Maxillary Cheeks, lateral portion of upper lip

Medial nasal Philtrum of upper lip, crest, and tip
of nose

Lateral nasal Alae of nose

Mandibular Lower lip

“The frontonasal prominence is a single unpaired structure; the
other prominences are paired.

Philtrum of lip Maxilla with
4 incisor teeth

Intermaxillary segment

-1 " o PP
a S R
s P |

Maxillary
process

A o B

Figure 17.24 A. Intermaxillary segment and maxillary processes. B. The intermaxillary segment giving rise to the
philerum of the upper lip. the median part of the maxillary bone with its four incisor teeth, and the triangular primary
palate.
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. The nasolacrimal groove separates the:

a) mandibular and maxillary swelling

b) lateral nasal swelling and maxillary swelling
c) medial nasal swelling and maxillary swelling
d) first and second branchial swelling

Figure 17.31 A. Sagicial section chrouph the nassl pit snd leswer rim of the medial nasal proeninence of 5 b-week
embrpo The primiose nas! covicy o meparated from the sl cnary by the oronaal membrune B. Sivdar section 51 n A
ihowing the oronsisl membrane breaking down €. A Toweek embryo with 3 prirmitve rassl cawvity in open connection wich
the el cnacy. D, Seprenal section chrough the fuce of 4 %-week embryo showing separation of the defnitive rusal snd aral
cavitied by the primary and iecondary palute Definicve choanse are ot the junttion of the ol cavity ard the pharyme

Palatine process of
maxilla

Incisive fossa

Intermaxillary suture

Interpalatine suture

Horizontal __—
plate

Pyramidal
process

e

Posterior nasal spine

Greater
Palatine foramina

Palatine bone Lesser

Choana

Pterygoid hamulus

Lateral and medial
pterygoid plates Vomer
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VOCAL CORDS

TRACHEA
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Masal chamber

Figure 17.25 A. Frontal section through the head of a 6.5-week embryo. The palatine shelves are in the vertical position
on each side of the tongue. B. Ventral view of the palatine shelves after removal of the lower jaw and the tongue. Note the
clefts between the primary triangular palate and the palatine shelves, which are still vertical.

Masal chamber

Eye

Prima late
MNasal septum L

Oral cavity

Palatine
shelf

Tongue
i et B

Figure 17.26 A. Frontal section through the head of a 7.5-week embryo. The tongue has moved downward, and the
palatine shelves have reached a horizontal position. B. Ventral view of the palatine shelves after removal of the lower jaw
and tongue. The shelves are horizontal. Note the nasal septum.

Incisive foramen

¥ X

Nasal _ Nasal septum
conchae :
i === _ Fused palatal
. shelves
onge Oral cavity

Figure 17.27 A. Frontal section through the head of a 10-week embryo. The two palatine shelves have fused with each
other and with the nasal septum. B. Ventral view of the palate. The incisive foramen forms the midline between the pri-
mary and secondary palate.

Figure 17.28 Ventral view of the palate, gum, lip. and nose. A. Normal. B. Unilateral cleft lip extending into the
nose, €. Unilateral cleft involving the lip and jaw and extending to the incisive foramen. D. Bilateral cleft involving the
l s -+ ' it i ft-tip
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Figure 17.29 A. Lateral Cleft lip (compare to Fig. 17.28C). B. Bilateral cleft lip (compare to Fig. 17.28D). C. Cleft palate
(compare ta Fig. 17.28E). D. Midline cleft lip

MACROSTOMIA

As a resident in paediatrics, you are called to see a newborn who has a unilateral cleft lip and a
unilateral cleft of the primary plate. This condition is most likely the result of:

a) failure of fusion of the mandibular prominence

b) failure of fusion of the medial nasal processes

c) failure of fusion of the maxillary prominence with the medial nasal prominence

d) failure of fusion of the lateral palatine processes with the nasal septum

Cleft Lip & Palate

The term cleft lip & palate is commonly
used to represent two types of
malformation

e cleft lip with or without cleft palate (CL/P)gau
e cleft palate (CP) gz

www.FirstRanker.com
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Bilateral cleft of lip & palate

(fig.1)

cleft of the hard & soft palates

(fig 2)

Unilateral cleft of lip
(fig :3)

cleft of lip & palate

(fig.4)

www.FirstRanker.com
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Bifid uvula
(fig 5)

> cystic swelling at line of fusions between
processes of the face.

> failure of fusion between maxillary and
fronto-nasal processes.

> defective or marked fusion
between maxillary and mandibular processes.

> cleft lip due to failure of fusion between
maxillary process and intermaxillary segment.

> failure of fusion between different parts that
form palate. It could be:

o A- Unilateral complete cleft palate.
B- Bilateral . complete cleft palate.

C- Partial cleft palate.
D- Cleft uvula.

Pharyngeal (branchial)
arches:
1st

2nd

www.FirstRanker.com
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Early 6th week

OTHER CLEFTS

e

o Lack of fusion of maxillary & mandibular processes
=> Lateral facial cleft

o May be associated with ‘Mandibulo facial
dysostosis’

o Extends from commissures towards the ear
o May be unilateral or bilateral

o Failure of fusion of lateral nasal process with
maxillary process =» oblique facial cleft

FUEL Iy 4

Figure | 7.30 Photographs demenstrating narmal and abnormal developrment involving the midline of the face ang
brain A Marmal fuce of an ermbrys an the beginming of the seh weelk Mooe the distnce berween the rasal epenings
{vertical fines) and between the media! rasal prominences (X5). B. Face of 2 mewborn with a méidline cieft Ea. In this case,
cthere Iz Insufficient tissue in the midine w fill in the space between the medial nasal prominences, C, Face of 3 6-waek
embryo showing an extensive deficiency of midline tissue.As a consequence, the medial nasal prominences have not
farmed, and there i3 & single rassl epening crested by fusion of the two ersl nanl prominences, The deficiency af
midfine tirsue is reflected in the brain as well and 25 2 result the head is narrow, and the eyes are pasitioned mare arte-
rlu-rh.rand dqhir caudal to the nasa :p-erhnl ﬂ- Face of 4 mhfn wuh hﬂlnp-rw:nﬂphah' characterized by lu:h an

has !nrr“-d fmmﬁ-umn nfl:h-l hmeral nanl processes. An upper lip is formed Irrﬁ..lmn of the maxillary pmmnmcn Tlm .
beae s rarraw, and lhl brain m.ﬁ:ﬁstﬁa ﬂf&ﬁﬂiﬁt-phuly} due 1o such 2 loss of midline vesue thar
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Figure 17.32 Formation of the tooth at successive stages of development. A. Bud stage; 8 weeks. B. Cap stage: 10
weeks C. Ball stage: 3 months. DL & months.

.
IESCLALER T e,

Jaani

4

'h

LhTe
Hagab

'i'_;i.‘-
a
A

Figure 17.33 The wooth pust before birth A and after eruption B.

Laft anterolateral view

Figure 17.34 Replcament of decikduous teeth with permanaent teath in a child. |, incizor; C, canine; PM, premolar; M1,
M2, M3; lst, 2nd, and Ird molars. (From Moore, KL and Dalley, AR Oinkcolfy Onented Anatomy, 5th ed. Figure 7 478, p. 993.
Lippincott Willame & Wilkine, Baltimore: 2006.)

Which pharyngeal arch is associated with Treacher Collins syndrome?
a) Pharyngeal arch 1

b) Pharyngeal arch 2
c) Pharyngeal arch 3
d) Pharyngeal arch 4
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The stapedius muscle that moves the stapes ossicle is innervated by
a) CN V3

b) CN XII
c) CN Il
d) CN VI

The Palatine tonsil and Tonsilar fossa are derivatives from which
pharyngeal pouch?

a. Pharyngeal pouch 1

b. Pharyngeal pouch 2

c .Pharyngeal pouch 3

d. Pharyngeal pouch 4
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