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In Memoriam

A

ml,\

Neil and I became colleagues during our first year of graduate school. It was clear
from the outset he thoughtfully chose the program we were in due to its emphasis

on teaching. Neil’s passion for teaching, for reaching others, and facilitating “aha!”
moments was obvious in every interaction. In addition to teaching, Neil thoroughly
enjoyed athletic events, in person or on screen, from intramural to professional levels.
Neil’s greatest joy, aside from interacting with students, was heckling referees and
hammering the plexiglass behind the goalie. A dedicated Jay-backer, he was tireless in
his support of Creighton athletic programs.

Proud of his Irish heritage, Neil became a dual citizen of the United States and
Ireland. He traveled the world extensively (a “million-mile club” member) to teach,
learn, and experience this world as richly as possible. He coveted cuisines unique
to certain regions, especially New Mexico and New Orleans; he appreciated quality
whiskey from Northern Ireland and never refused a well-made “screwdriver”! In
line with his distinctive personal style, he pursued quirky interests: World Wrestling
Entertainment (WWE) events all over the United States, over 30 Pink Floyd/Roger
Waters concerts during his lifetime, and a favorite pet eel named Homer.

Opportunities to lead seemed to find him although he never appeared driven to
pursue them. His leadership roles included President of the AACA, President of the
Creighton University faculty council, and Associate Dean of Dental School Student
Affairs and Admissions, among others. He had a knack for addressing challenging
issues in a no-nonsense, straightforward manner and was viewed by most as tough but
thoughtful and fair. In spite of his leadership accomplishments, Neil valued most his
role as a teacher. He was the recipient of more teaching awards (locally and nationally)
than any faculty member I have ever met over the past 30 years—clear evidence of his
talents and drive to facilitate learning at the highest levels.

Neil will be remembered as a beloved colleague, mentor, teacher, and friend who put
others first. He will be greatly missed. I know his spirit will live on through the pages of
this text and in the joy of discovery that hopefully stems from those who choose to use

and learn from it.
Gilbert M. Willett, PT, PhD, MS, OCS, CSCS
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Preface

The initial intent of Netter’s Head and Neck Anatomy for Dentistry was to provide a
comprehensive anatomical resource designed for first-year dental students. As the
text evolved, it became apparent that it would also be a valuable resource for dental
hygiene, medical, and physician assistant students, as well as a useful reference for
practicing clinicians (both dental and medical). Head and neck anatomy comprises
the foundation for dental anatomical study. The many small, interrelated structures
are not easily observable, which makes head and neck anatomy one of the most
difficult disciplines for students to master.

This fourth edition has focused on revising and clarifying information in the
previous edition with the intent of further improving the quality of this resource.
Many enhancements were based on feedback from students and colleagues. Text and
image improvements have been made in almost every chapter. Text inconsistencies
have been addressed. Numerous images have been modified and new ones added.
Additional imaging has been included to provide greater clinical context. A new
chapter addressing anatomical considerations for dental implants has also been added
as a result of colleague requests. Lastly, the question/answer section at the end of
the text has been completely updated to reflect a more “board exam” style design.
We hope you find this text to be a valuable, comprehensive head and neck anatomy
resource, regardless of whether you are a student or clinician.

Gilbert M. Willett, PT, PhD, MS, OCS, CSCS
PREFACE TO THE THIRD EDITION
Netter’s Head and Neck Anatomy for Dentistry is a text/atlas written to help dental
students and professionals learn and review head and neck anatomy. Designed
for first-year dental students, it also serves to teach anatomy to students of dental
hygiene as well as a review for the practicing clinician. The head and neck comprise
the foundation for dental anatomical study. The many small, interrelated structures
are not easily observable, which makes head and neck anatomy one of the most
difficult disciplines for students to master.

This third edition has received a bit of a facelift. Elsevier has redesigned the
look of the book, and I hope you are as pleased with the outcome as I am. There
are numerous additions and revisions to the book. First is the appendix on the
lymphatics with emphasis on the head and neck. Second, more than 30 radiographic
images have been added to the existing image catalog to complement the anatomy
illustrations throughout the text. Radiology is an important part of the education of
every dental student, and it is a natural addition to any anatomy text. Third, more
clinical correlates have been added to provide real-world scenarios for the student.
Fourth, many of the tables and artwork have been revised following the suggestions
of many of our readers of the previous editions. There are also 50 new questions that
cover the chapters in the text. However, to give our readers more, Elsevier has created
a test bank of questions on eBooks+. Thus, students can access all of the questions
from previous editions as well as other review questions on eBooks+ for a more
robust review of the material. Another perk of eBooks+ includes the addition of short
anatomical video clips using the imaging from the third edition.

To understand the clinical significance of an anatomical concept is to understand the
anatomy. It is with that in mind that a series of clinical correlates that relate specifically
to dentistry are provided at the end of the chapters. There are many anatomical topics
covered in traditional head and neck courses that have been expanded especially for
this text. A chapter has been dedicated to the temporomandibular joint. In the chapter
on the oral cavity, more information has been provided for the reader on such topics as
dentition. Chapters on the development of the head and neck and basic neuroscience
are included to help connect with other related anatomical areas. A chapter on intraoral
injections is included to help teach and reinforce an area often overlooked. The intent
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of these chapters is to provide the reader with a brief overview of important concepts
related to head and neck anatomy.

A superb team of medical illustrators created new art to complement the
anatomical illustrations of Dr. Frank H. Netter, which resulted in a more complete
learning tool. In particular, the new illustrations of Dr. Carlos Machado demonstrate
why he continues to be the preeminent medical illustrator in his field. The
Temporomandibular Joint chapter features six new figures by Dr. Machado, and I
know you will find them as spectacular as I do. Essential information is presented in
tables and brief text that are integrated with the Netter art to help bridge gaps and
augment the readers’ knowledge of head and neck anatomy.

Netter’s Head and Neck Anatomy for Dentistry is for those in all stages of the dental
profession. My hope is that this book will provide an essential resource to readers in
helping them to learn and appreciate the complex anatomy of the head and neck.

Neil S. Norton, PhD
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OVERVIEW = General Information

* 3 major germ layers form the initial developing embryo:
* Ectoderm
° Mesoderm
* Endoderm
* Mesoderm differentiates into:
° Paraxial mesoderm
* Intermediate mesoderm
¢ Lateral plate mesoderm
e Ectoderm gives rise to 3 layers:
* Neuroectoderm
* Neural crest
* Epidermis
e The head and neck are formed by:
¢ Paraxial mesoderm
 Lateral plate mesoderm
* Neural crest-derived mesoderm
* Ectodermal placodes
e Most of the head and neck is formed from the pharyngeal region of the embryo

Human Embryo at 16 Days
Midsagittal section

Neural plate

Notochord

Amniotic sac
Hensen'’s node

8y, (origin of notochord)

Cardiac
primordia =
1
Plane of
cross section
RO'C[,(f of shown below Allantois
yolk sac

I 1.8 mm |

Figure 1-1
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OVERVIEW = General Information

Cross section of embryo

Notochord

Paraxial column
(segmenting into
somites)

Intermediate
mesoderm

Lateral plate
mesoderm

The arrow passes
through a temporary
communication
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extraembryonic
coelom and intra-

J:W embryonic coelom

The intraembryonic
coelom in the lateral
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with the coelom in the
cardiogenic mesoderm

M.D.
i Vertebrate Body Plan after 4 Weeks
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Amnion ) forming neural /, -
(cut) Paraxial tube gastrointestinal
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Intraembryonic /
coelom
of the folding

Lateral plate Notochord : embryo
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sac

Somite sclerotome
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tube and notochord to
form vertebral column
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Left and right ?;ZZ?STM Nephrogenic cord
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Spinal nerve
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Figure 1-2
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PHARYNGEAL ARCHES = General Information

e Start forming in the 4th week of development

* Develop as blocks separated by pharyngeal clefts (formed by ectoderm)

e Initially, 6 pharyngeal arches develop, but the 5th regresses

e Arising from the endoderm are compartments called pharyngeal pouches that
extend toward the pharyngeal clefts; where pharyngeal pouch endoderm meets
pharyngeal cleft ectoderm is known as the pharyngeal membrane

e Help form 4 of the 5 swellings (embryonic primordia) of the face:
* 2 mandibular processes (pharyngeal arch)
* 2 maxillary processes (pharyngeal arch)
¢ 1 frontonasal prominence

* Composed of
° External surface—ectoderm
¢ Internal surface—endoderm
© Central part—lateral plate mesoderm, paraxial mesoderm, and neural crest—

derived mesoderm

* Skeletal components and associated connective tissue develop from neural
crest-derived mesoderm cells

e Muscular structures develop collectively from mesoderm

e Fach arch is innervated by a cranial nerve that migrates with the muscles

Ophthalmic division of
trigeminal nerve (V;)
Sensory for orbit,

nose, and forehead

Preotic somitomeres Postotic somites

Accessory

nerve XI
Otic ganglion relates to
V3) somitic

mesenchyme

Ciliary
by arch 6

ganglion

Pterygopalatin:
ganglion (V,)
Lens
placode

Submandibular
ganglion (V3)
Chorda tympani

Taste to ant. 2/3
of tongue and

parasympathetic
to salivary glands

Head
mesenchyme

placode

Pharyngeal arches and their nerves:

[ Arch T—trigeminal nerve (V) Tympanic nerve Parasympathetic and

Maxillary part of arch T—maxillary nerve (trigeminal, V,) visceral sensory branch
Mandibular part of arch 1—mandibular nerve (trigeminal, V3)  Visceral sensory from X for foregut
[ Arch 2—facial nerve (VII) for middle ear and and midgut
[ Arch 3—glossopharyngeal nerve (IX) parasympathetic M
[ Arch 4—vagus n. (X) f tid eland w
[ Arch 6—vagus n. (X) orparolic gian XV

Figure 1-3
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PHARYNGEAL ARCHES - Derivatives of the Pharyngeal Arches

Cartilage
Structure(s) Cartilage Connective Tissue
from Neural Structure(s) Structure(s) from
Muscle(s) from Crest-Derived | from Neural Crest-
Arch Mesoderm Mesoderm Mesoderm Derived Mesoderm | Nerve
1 (also Masseter Malleus Sphenomandibular | Trigeminal
‘;ﬁgﬁgimﬁar Temporalis Incus (both llgan'1ent.
Lateral pt id from Anterior ligament
arch) @ el:al pLerygor Meckel's of the malleus
Develops Medial pterygoid cartilage, (both from
into: Mylohyoid which Meckel's
* Maxillary Anterior digastric degenerates cartilage, which
process . in degenerates in
) Tensor tympani adulthood) adulthood)
* Mandibular | tensor veli palatini
process
2 (also Muscles of facial Lesser cornu Stylohyoid Facial
called the expression of the hyoid ligament
hyoid arch) | posterior digastric | Superior part Connective tissue
Stylohyoid gifjhe hyoid of the tonsil
Stapedius Y
Styloid
process
Stapes
(all from
Reichert’s
cartilage)
3 Stylopharyngeus Greater cornu Connective tissue | Glossopharyngeal
of the hyoid of the thymus
Inferior part and inferior
of the hyoid parathyroid
body
4 Musculus uvulae Epiglottis Connective tissue | Vagus
Levator veli palatini Thyroid g;:gﬁ‘;:‘oﬁg"a‘;r p
Palatoph (both from )
a atopharyngeus lateral plate | the thyroid
Palatoglossus mesoderm)
Superior constrictor
Middle constrictor
Inferior constrictor
Salpingopharyngeus
Cricothyroid
6 Thyroarytenoid Arytenoid Vagus
Vocalis Cricoid
Lateral Cuneiform
cricoarytenoid Corniculate
Oblique arytenoids (all from
Transverse lateral plate
arytenoids mesoderm)
Posterior
cricoarytenoid
Aryepiglotticus

Thyroepiglotticus
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PHARYNGEAL ARCHES - Derivatives of the Pharyngeal Arches

Superficial muscles Epicranial aponeurosis
(galea aponeurotica)
Temporalis
Occipitofrontalis (frontal belly) Auricularis mm.

Orbicularis oculi Occipitofrontalis (occipital belly)

Procer]us Masseter
i Nafa y Styloid process
Levator labii superioris )
; Stylohyoid
Zygomaticus mm. Digastric (posterior belly
Orbicularis oris 1gastric 'POS erior belly
Buccinator Thyrohyoid
Mentalis Sternocleidomastoid

Depressor labii inferioris Prevertebral fascia

Depressor anguli oris - Trapezius
Mylohyoid NI IR Omohyoid
Digastric (anterior belly) T Clavicle
V’X‘ﬂ@ﬂ‘“\ﬂatysma (mostly removed)

Sternohyoid
Sternothyroid

Deep muscles Tensor veli palatini
Levator veli palatini
Part of lateral pterygoid m.
Extrinsic eyeball mm.
Pterygomandibular raphe
Part of buccinator

Superior pharyngeal constrictor

Styloid process
Sternocleidomastoid

Splenius capitis
Carotid sheath
Scalene mm.
Levator scapulae
Trapezius

Stylopharyngeus

Styloglossus

Middle pharyngeal constrictor
Esophagus

Inferior pharyngeal constrictor
Cricothyroid
Trachea

Embryo at 7 to 8 weeks
Cartilage primordia 2nd pharyngeal

arch territory ==
Stapes

Styloid process

1st pharyngeal svlohvoid I )
arch territory e ylohyoid ligamen
3rd pharyngeal

arch territory ==

Greater cornu
of hyoid cartilage
Incus
Meckel’s | Malleus
cartilage | Future sphenomandibular ligament
Portion mandibular bone surrounds
Lesser cornu of hyoid cartilage
Upper half of hyoid body
Lower half of hyoid body

6th pharyngeal
arch territory mm

Cricoid cartilage

4th pharyngeal Thyroid cartilage
h terri -
arch territory == ;{e I\T/mg

PHARYNGEAL ARCH BONES AND CARTILAGE
Arch #| Derivatives of Arch Cartilages

Malleus, incus, sphenomandibular ligament, anterior ligament of malleus
2 | Stapes, styloid process, stylohyoid ligament, upper half and lesser horn of hyoid
3 Lower half and greater horns of hyoid
4 | Thyroid and epiglottic cartilages of larynx

Cricoid, arytenoid, and corniculate cartilages of larynx

Figure 1-4
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PHARYNGEAL POUCHES, MEMBRANES, AND CLEFTS - General Information

* Pharyngeal pouches—4 develop from endoderm

e Pharyngeal clefts—each is a groove formed from ectoderm

e Pharyngeal membranes—each is composed of tissue located between a pharyngeal
pouch and a pharyngeal cleft; composed of external ectoderm, mesoderm, and neural

crest-derived mesoderm in the core and an internal endoderm lining

Pharyngeal Pouches

Pouch Location Embryonic Structure Adult Structure

1 Opposite the 1st pharyngeal Tubotympanic recess Epithelium of the
cleft, separated by the 1st (pharyngotympanic auditory)
pharyngeal membrane tube

Tympanic cavity

2 Opposite the 2nd pharyngeal | Primordial palatine tonsils Tonsillar (sinus fossa)
cleft, separated by the 2nd Epithelium of the palatine
pharyngeal membrane tonsil

3 Opposite the 3rd pharyngeal | Divides into a dorsal and a Inferior parathyroid gland
cleft, separated by the 3rd ventral part (from the dorsal part)
pharyngeal membrane Dorsal part—migrates Thymus (from the ventral

inferiorly toward the thorax part)

4 Opposite the 4th pharyngeal Divides into a dorsal and a Superior parathyroid gland
cleft, separated by the 4th ventral part (from the dorsal part)
pharyngeal membrane Ventral part is invaded by Ultimobranchial body (from

neural crest to form the the ventral part)
parafollicular or C cells

Sagittal section

Hypothalamus }
of brain A

Frontal

prominence \?

Nasal placode —uo_ o

Stomodeum

1st pharyngeal arch

Infundibulum (posterior lobe)
Rathke’s pouch (anterior lobe)

} Pituitary gland

1st pharyngeal
pouch

Buccopharyngeal
membrane
(disintegrating)

Pharynx

Laryngotracheal
ridge or groove

Esophagus

Thyroid diverticulum

Figure 1-5

Lung bud
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Mouth cavity

1)

Thyroid gland

‘ e
o "
7 5 e I
> Pharyngeal pouches

Trachea

Lung bud

Esophagus

Pharyngeal cavity Tongue

Foramen
cecum

1st pouch

2nd pouch

Epithelium of larynx
3rd pouch

Parathyroid Il
Lateral thyroid lobe

Thymus

4th pouch

. Thyroid isthmus
Parathyroid IV

Esophagus

Trachea
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PHARYNGEAL POUCHES, MEMBRANES, AND CLEFTS - Pharyngeal Membranes

Membrane | Location Adult Structure
1 Between the 1st pharyngeal cleft and the 1st pharyngeal pouch Tympanic membrane
2 Between the 2nd pharyngeal cleft and the 2nd pharyngeal pouch
3 Between the 3rd pharyngeal cleft and the 3rd pharyngeal pouch
4 Between the 4th pharyngeal cleft and the 4th pharyngeal pouch
Pharyngeal Clefts
Cleft | Location Adult Structure
1 A groove between the 1st and 2nd pharyngeal arches | External acoustic meatus
2 A groove between the 2nd and 3rd pharyngeal arches | Obliterated cervical sinus by the 2nd
3 A groove between the 3rd and 4th pharyngeal arches 5.2?{!"*;“' arch, which grows over the
4 A groove between the 4th and 6th pharyngeal arches

Source

1st pharyngeal pouch

1st pharyngeal groove

1st and 2nd
pharyngeal arches

2nd pharyngeal pouch

Ventral pharyngeal wall

3rd pharyngeal pouch
2nd pharyngeal pouch

4th pharyngeal pouch
Ventral pharyngeal wall

3rd pharyngeal pouch

3rd pharyngeal pouch

3rd pharyngeal pouch

{ Auricle 4&‘

{
{

{ Aberrant parathyroid gland Il

{

{
{

{

{

{

Auditory tube
Tympanic cavity
Eardrum
Pharyngeal fistula

External acoustic meatus

Supratonsillar fossa

Epithelium of palatine tonsil

Tongue (cut)
Foramen cecum

Persistent thyroglossal duct

Pharyngeal fistula:
Parathyroid gland IV
Ultimobranchial body:

Pyramidal and lateral
lobes of thyroid gland

Parathyroid gland IlI

Pharyngeal fistula

Aberrant parathyroid gland
Thymus gland

I~

N\

S~

‘

) 4

Persistent cord of thymus 2 /
2 i

-

<2 N

Figure 1-7
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CRANIUM - General Information

e Cranium (skull) is formed from

Lateral plate mesoderm (neck region)

Paraxial mesoderm
Neural crest

e Cranium development is divided into 2 parts:
Viscerocranium—forms the bones of the face (from the pharyngeal arches)
* Forms completely from neural crest
Neurocranium—forms the bones of the cranial base and cranial vault, and the
function is to protect and surround the brain and organs of special sense (olfac-
tion, vision, auditory, and equilibrium). It can be divided into
° Membranous neurocranium (forms from neural crest and paraxial mesoderm)
e Cartilaginous neurocranium (forms from neural crest and paraxial mesoderm)

* Bony skull is formed by either of 2 mechanisms:
Intramembranous ossification

Endochondral ossification

Viscerocranium

Germ Layers | Origins

Adult Structure(s)

Ossification

Neural crest | st pharyngeal arch
Maxillary process

Maxilla

Temporal bone

Zygoma

Palatine

Lacrimal

Vomer

Nasal

Intramembranous

Inferior nasal concha

Endochondral

1st pharyngeal arch

Mandible

Intramembranous (body)

Mandibular process Endochondral (coronoid and condylar
process)
Malleus Endochondral
Incus
2nd pharyngeal arch | Styloid process Endochondral
Stapes
Hyoid

NETTER'S HEAD AND NECK ANATOMY FOR DENTISTRY




CRANIUM - Viscerocranium

Chondrocranium at 9 weeks
Orbitosphenoid (orbital,
or lesser, wing of future
sphenoid bone) (vision)

Optic foramen

Greater wing of future
Crista galli sphenoid bone

Nasal capsule (olfaction) Otic capsule (audition)

Meckel’s cartilage
Cartilaginous | Styloid process
pharyngeal < Hyoid cartilage
arch skeleton | Thyroid cartilage
Cricoid cartilage

Incus

Malleus

[ Pharyngeal arch

) mesenchyme for | Intramembranous

Membrane bones at 9 weeks Interparietal ; ; e
I gf viscerocranium ossification (both
p [ Head mesenchyme | from neural crest)

occipital

for neurocranium
bone

Frontal bone Cartilage from

\ Zygomatic pharyngeal arches
Nasal bone H' P i bone for viscerocranium
y Squamous and neck cartilages
Maxilla part of [ Cartilage from Endqchgndral
temporal somite sclerotomes | ©ssification

Mandible bone and neural crest

Chondrocranium  anteriorly for base
of neurocranium

Site of future anterior
Membrane bones at 12 weeks fonticulus (fontanelle)

Site of future coronal suture
Parietal bone

Frontal bone

Nasal b _— Interparietal part of occipital bone
asal bone

Greater wing of sphenoid bone
Chondrocranium M
. > Sl Squamous part and zygomatic [
Zygomatic bone process of temporal bone 87
Mandible o
Tympanic ring of temporal bone

Lacrimal bone
Maxilla

Figure 1-8
Cranial Fontanelles
Fontanelle Time of Closure
Anterior fontanelle (bregma) 4-26 months
Posterior fontanelle (lambda) 1-2 months
Sphenoidal fontanelle (pterion) 2-3 months
Mastoid fontanelle (asterion) 12-18 months

DEVELOPMENT OF THE HEAD AND NECK
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CRANIUM = Membranous Neurocranium

Germ Layer Portions of Neurocranium Adult Structure Ossification
Neural crest Main portion of the roof Frontal bone Intramembranous
and lateral sides of the Squamous portion of the

cranial vault temporal bone
Paraxial mesoderm Parietal bone
Occipital bone (intraparietal
portion)

Cartilaginous Neurocranium

Germ Layer Portions of Neurocranium Adult Structure Ossification
Neural crest Prechordal Ethmoid Endochondral
Anterior to the sella turcica Sphenoid
Paraxial Chordal Petrous portion of the temporal bone
mesoderm Posterior to the sella turcica | Mastoid process of the temporal bone
Occipital bone

Cranium of Newborn

Lateral view
Parietal bone

Anterior fontanelle .
Tuber (eminence)

Coronal suture
Sphenoidal fontanelle

Squamous suture

Posterior fontanell
Frontal bone osterior fontanelle

Squamous part

Supraorbital notch (foramen) Lambdoid suture

Ethmoid bone Occipital bone

Orbital plate

Lacrimal bone Mastoid fontanelle

Nasal bone ~ Temporal bone

Squamous part
Petrosquamous fissure
Petrous part (mastoid
process absent)

Tympanic part (bony external
acoustic meatus absent)

Oval (vestibular) window
Round (cochlear) window

Styloid process
Mandibular fossa
Zygomatic process

Zygomatic bone

Maxilla
Palatine bone

Pyramidal process

Sphenoid bone
Greater wing
Lateral plate of pterygoid process

Hamulus of medial plate of pterygoid process

Superior view

Anterior fontanelle
Frontal bone

Coronal suture
Parietal bone
Sagittal suture

Posterior fontanelle

i
Lambdoid suture f /M

Occipital bone

Figure 1-9
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FACE = General Information

e The face is formed mainly from neural crest, which makes 3 swellings (prominences)
that surround the stomodeum:
Frontonasal prominence
Macxillary prominence (from the 1st pharyngeal arch)
Mandibular prominence (from the 1st pharyngeal arch)
e Lateral to the frontonasal prominence, 2 additional areas of ectoderm form the
2 nasal placodes that invaginate in the center to form nasal pits, creating ridges
of tissue on either side of the pits:
Lateral nasal prominence
Medial nasal prominence
* Fusion of the medial nasal prominences at the midline results in formation of the
intermaxillary segment

ADULT STRUCTURES OF THE FACE

Structure Develop(s) from
Forehead Frontonasal prominence
Upper lip Maxillary prominence (lateral part of upper lip)
Medial nasal prominence (middle part of upper lip)
Lower lip Mandibular prominence
Lacrimal sac A nasolacrimal groove that separates the lateral nasal prominence

Nasolacrimal duct and the maxillary prominence

Nose Frontonasal prominence (bridge of nose)
Medial nasal prominence (nose attaching at philtrum)
Lateral nasal prominence (alae of nose)

Cheeks Maxillary prominence
Philtrum Medial nasal prominence
Primary palate Intermaxillary segment (fusion of medial nasal prominences)

Upper jaw containing the central
and lateral incisors

Lateral view at 5 to 6 weeks Ventral view at 5 to 6 weeks Frontonasal
f 4.0 mm | process
Left eye Location Medial nasal
Maxillary of otic vesicle prominence

process of
1st arch

Lateral nasal
prominence

(future membranous .
labyrinth of Right

Nasolacrimal |nne1rsfar) Maxillary
gr(,)\‘oveI - pharyngeal procesi of
asal pi groove Tst arc
1st pharyngeal 15t cervical . &8 Tst pharyngeal
arch somite Nasolacrimal % arch (mandibular
Cardiac (myotome ~ §roove , pal(’;) ) |
portion)  stomodeum i:‘chp aryngea
2nd Armbud st 3rd and 4th
pharyngeal arch pharyngeal ' pharyngeal
groove N arches (sites
of future
Pharyngeal Site of future | o |
arches 3 and 4 hvoid b aryngea
yoid bone cartilages)
Fi
ré
4 ¥
Figure 1-10
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FACE - General Information

Lateral view at 6 to 7 weeks

[ 7.0 mm 1

Left eye 1st pharyngeal groove
Nodules that will merge

Nasolacrimal groove to form auricle of ear

Maxillary process 2nd pharyngeal arch

Opening of left nasal sac (future naris) 3rd and 4th pharyngeal

Oral opening arches in cervical sinus

Cardiac prominence 1st pharyngeal arch

Ventral view at 6 to 7 weeks

Opening of right nasal sac (future naris) Intermaxillary segment

. Medial nasal prominence
Maxillary process of Tst arch

Lateral nasal prominence
Right eye
Nasolacrimal groove

1st pharyngeal arch Oral opening

15t pharyngeal cleft (future Nodules that merge to form auricle of ear

external acoustic meatus)
3rd and 4th pharyngeal arches in cervical

2nd pharyngeal arch sinus (sites of future laryngeal cartilages)

Ventral view at 7 to 8 weeks

Site of nasolacrimal groove (fusion of
lateral nasal and maxillary processes)
Site of fusion of medial nasal

and maxillary processes (site of cleft lip)
Philtrum of upper lip (fusion

of medial nasal processes) Auricle of ear

Lateral view at 7 to 8 weeks Lateral view at 8 to 10 weeks

e 10.0 MM ——i [ 24.0 mm

Auricle of ear

Fused eyelids
Philtrum of
upper lip

Lateral nasal process
Medial nasal process

Philtrum

Figure 1-11
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PALATE - General Information

e Formed by the
Primary palate (intermaxillary segment)
Secondary palate (protrusions from the maxillary prominences)
¢ Intermaxillary segment—the initial portion of the palate in development; contains
the central and lateral incisors
e Swellings of the maxillary prominence form shelves (lateral palatine processes) that
project medially and are separated by the tongue
* When the tongue no longer occupies the space between the palatal shelves, these
lateral palatine processes fuse together to form the secondary palate
e The primary and secondary palatal tissues all meet at the incisive foramen
e Primary and secondary palates and the nasal septum fuse to form the definitive
palate

Frontal (coronal) section at 7 to 8 weeks

Right olfactory bulb

Ethmoid cartilage
Frontal bone

Ocular muscles
Septal cartilage

Eyelid
-~ by

Nasal septum

Eyeball

Maxilla

Right lateral palatine process
of secondary palate

Tongue
Muscles of facial expression

Meckel’s cartilage Mandible

Submandibular salivary gland
. A Hypoglossal (XII) nerve
Hyoid cartilage
Platysma

Thyroid cartilage

Lumen of larynx
Esophagus

Frontal (coronal) section at 8 to 10 weeks

Septal cartilage

Superior concha and meatus

Ethmoid cartilage

Eyeball

Frontal bone

Lens
Ocular muscles

Fused eyelids
7 Y

Maxilla

Middle concha and meatus
Right nasal cavity

Inferior concha and meatus Zygomatic bone

) Muscles of facial expression
Enamel organs of deciduous

molar teeth Sites of fusion of lateral
palatine processes and
nasal septum

Oral cavity

Meckel’s cartilage

Submandibular salivary gland

Mandible
Hyoid cartilage Tongue Nﬂg};
Infrahyoid muscles Platysma 87

Figure 1-12
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PALATE - General Information

Roof of stomodeum (inferior view; 6 to 7 weeks)

Frontal area
Opening of right nasal sac
Medial nasal process
Right eye

Lateral nasal process
Primitive or primary palate
(median palatine process)

Nasolacrimal groove

Definitive nasal septum

Oronasal membrane (primitive

posterior naris or choana) Maxillary process of 1st arch

Lateral palatine process
Roof of stomodeum (secondary palate)

(base of skull) )
Opening of Rathke’s pouch

Left naris

Philtrum of upper lip (fusion
of medial nasal processes)

Site of fusion of medial nasal
and maxillary processes (cleft
lip site)

Primitive posterior naris
or choana (former site of
oronasal membrane)

Primary palate (median
palatine process)

Definitive nasal septum Left lateral palatine process

Site of evagination of

Mucosa covering base of skull Rathke’s pouch

Roof of oral cavity (inferior view; 8 to 10 weeks)

) Left naris
Broken lines border area
formed from medial nasal

processes and primary palate Upper lip

Medial palatine process
(primary palate contribution
to definitive palate)

Gingiva (gum)

Palatine raphe (cleft palate site)

Lateral palatine process
(secondary palate
contribution to

definitive palate)

Palatoglossal arch

Palatopharyngeal arch

Arrow emerging from choana
Uvula "3/

(posterior naris of right nasal cavity)

Figure 1-13
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TONGUE - General Information

e The general somatic afferent (GSA) fibers that supply the epithelium of the tongue
mirror the development of the tongue by the pharyngeal arches (arches 1, 3, and 4)

e Although the 2nd pharyngeal arch does not contribute to the tongue, the special
visceral afferent (SVA) fibers (taste) that travel to the anterior two-thirds of the
tongue come from the chorda tympani (a branch of the facial n.), which joins the
lingual n. in the infratemporal fossa, allowing the SVA fibers to be distributed to
the anterior two-thirds of the tongue

Pharyngeal Arch | Embryonic Structure(s) Adult Structure Innervation
1 2 lateral lingual swellings Anterior 2/3 of the GSA: Lingual branch of
Tuberculum impar tongue the mandibular division
of the trigeminal n.
2 Is overgrown by the 3rd arch; Does not contribute to
does not contribute to the the adult tongue

adult tongue

Slight contribution to the
hypopharyngeal eminence

3 Hypopharyngeal eminence Posterior 1/3 of the GSA: Glossopharyngeal n.
tongue SVA: Glossopharyngeal n.
4 Hypopharyngeal eminence Root of the tongue GSA: Internal laryngeal
Epiglottic swelling branch of the vagus n.
Arytenoid swelling SVA: Internal laryngeal

branch of the vagus n.

Laryngotracheal groove

Muscles

* Mesoderm from the occipital somites migrates anteriorly with the hypoglossal
nerve to give rise to the extrinsic and intrinsic muscles of the tongue, except the
palatoglossus, which is from mesoderm from the 4th pharyngeal arch (and thus is
innervated by the vagus nerve)

Floor of oral cavity and pharynx
(superior view; 5 to 6 weeks)

Lower lip portion of Lateral lingual F:::r_e

i anterior
1st pharyngeal arch S%Eelrr;lgjlum two-thirds
Foramen cecum impar of tongue
2nd pharyngeal — 1st pharyngeal
arch (diminishes)\ arch
Hypobranchial a— __——Future posterior
eminence — 5 T sl one-third of tongue

3rd and 4th

pharyngeal arches swelling Oral cavity and fauces (36 weeks)
Laryngotracheal

groove opening Median lingual sulcus

Lingual tonsil Sulcus terminalis

of posterior

I\TJ{:); one-third of tongue
4
%VMM Epiglottis

Figure 1-14

Foramen cecum
Palatoglossal arch
Palatine tonsil
Palatopharyngeal arch
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TEETH = General Information

STAGES OF TOOTH DEVELOPMENT

* Primary and permanent teeth develop from interactions between oral ectoderm
and neural crest—derived dental mesoderm

* Tooth development is a continuous process that is broken into stages for descriptive
purposes, and all teeth pass through each stage

* The morphologic stage describes the histologic appearance of the developing tooth and
corresponds to a functional stage related to physiologic changes occurring over time

* The physiologic processes that begin in one stage may continue as the tooth
progresses developmentally

Morphologic Stage

Key Functional Stage

Description of Physiologic Process

Dental placode

Induction

= Thickening of ectoderm to form dental placode

= Induction of ectoderm to form tooth in specific positions in
arch—requires oral ectoderm signaling and the neural
crest—derived mesoderm being receptive

Bud

Proliferation

= Proliferation of ectoderm and proliferation and condensation
of neural crest-derived mesoderm

= Specification of folding of enamel organ (EO) to form specific
type of tooth by neural crest-derived mesenchyme

Cap

Morphogenesis
Proliferation continues

= Tooth germ comprised of EO, dental papilla (DP), and
dental follicle (DF) first recognized

= EO gives rise to ameloblasts, which deposit enamel
= DP differentiates into odontoblasts, which deposit dentin

= DF forms the periodontium (alveolar bone, cementum,
and periodontal ligament)

= Proliferation and folding of epithelium under the direction
of neural crest-derived mesoderm cause tooth to change
shape

= Signaling by the epithelium of enamel knot directs DP and
EO to differentiate and progress to bell stage

Early bell

Cytodifferentiation/
histodifferentiation
(cell differentiation)

Proliferation continues

= In cytodifferentiation/histodifferentiation

= Cells of EO differentiate into 4 layers—inner enamel
epithelium (IEE), stratum intermedium (SI), stellate
reticulum (SR), and outer enamel epithelium (OEE)

= Cells differentiate from DP into odontoblasts (outer)
and pulp fibroblasts (inner)

= Multiple cusp positions are specified by signals from
secondary enamel knot

Late bell

Morpho-differentiation

Dentin deposition in
cusps

Proliferation
continues

= Folding and differential growth of IEE and adjacent odonto-
blasts at points of future cusps change the shape of the
tooth into final type and cusp number

= Deposition of predentin by odontoblasts signals overlying
IEE cells to differentiate into ameloblasts and begin
secreting the enamel matrix

Crown stage

Apposition

Incremental deposition
of enamel and dentin

Differentiation and
maturation occurs
cusp to cervix

= Dentin and enamel are secreted simultaneously and
establish the enamel-dentin junction

= Hard tissue deposition begins at the cusps and proceeds
toward the cervical loop/intercuspal region; cusp region
1st to mineralize and mature

= EO becomes progressively smaller as hard tissue fills the space

= Crown size is determined by the amount of hard tissue
deposited by active secretory ameloblast cells

= Final maturation of enamel begins when enamel
deposition is finished by maturational ameloblasts

Root formation

Root elongation from
cervix to apex

Dentin and cementum
deposited in root

= Cervical loop fuses to form Hertwig's epithelial root sheath
(HERS)

= Beginning at the tooth cervix, HERS induces dentin
deposition by odontoblasts

= Cementoblasts deposit cementum and establish the
cementum—enamel junction and cementum—dentin
junction
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