Biology 323

Human Anatomy for Biology Majors
Lecture 16

Dr. Stuart S. Sumida

Overview of Structure of the
Adult Skull
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The developing skull has three component
origins:

Condrocranium (base of skull / braincase)
Dermatocranium (flat bones of skull)

Splanchnocranium (bones derived from
gill arch elements)



Mode of Germ Layer

Formation Origin
Condrocranium Endochondral Mesoderm
Dermatocranium Dermal

Splanchnocranium Endochondral



CHONDROCRANIUM: Bones of the
base of the skull.

Most major cranial nerves escape the
skull through these.

Endochondral

 Mostly Mesodermal

*Include: ethmoid, sphenoid (part),
occipital (part) right and left temporal
(parts).
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Ethmoid

Trabeculae
cranii

Lesser wing
of sphenoid
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orbitalis
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Body of
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Base of
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Occipital
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Occipital tectum

Schematized dorsal view of the chondrocranium or base of the skull
in the adult. On the right are indicated in blue the various embryonic components
participating in the formation of the median part of the chondrocranium; in red
the components for the lateral part of the chondrocranium. On the left are
indicated the names of the adult structures.



Flat bones of skull: DERMATOCRANIUM
(These and others.)

Bone spicules z \ Parietal bone

Frontal bone ~Qccipital bone

Nasal bone
Cervical vertebrae

Maxilla

Mandible
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Branchial/Pharyngea
| Arches

17

Derived from neural
crest

Embryological
homologues of the gill
arches of fish
Form structures of the
throat and pharynx
Each is associated
with muscles, bones,
and a cranial nerve



Each Arch has Associated
Cartilages

Pharyngeal arch cartilages

Palatopterygoquadrate (1)
Meckel's cartilage (1)

Reichert’s cartilage (2)
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Temporal
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process
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Maxilla
Malleus
Mandible
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Hyoid bone . : Stylohyoid
Thyroid cartilage Cricoid cartilage ligament



Incus

Stapes

Styloid
process

Stylohyoid
lig.
Lesser horn of
hyoid bone

Greater horn of
hyoid bone

Body of hyoid bone

Thyroid cartilage

Cricoid cartilage

Tracheal rings



This lecture will revolve around the early
embryology of the vertebrate skull. One
of the landmark achievments in this was
the summary of that topic — based initially
the developing embryonic shark head — by
Edwin S. Goodrich. Thus it has come to
be known as the “Goodrich Diagram”.
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From Studies on the structure and development of vertebrates by Edwin S. Goodrich, 1958.



If you're working with the PowerPoint files, save space in your notes to draw here.
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Incisive foramen, canal and fossa
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Skull — Anterior View
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Skull — Lateral View
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Skull — Superior View
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Skull — Posterior View
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Skull — Inferior View
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Skull — Internal View
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Frontal bone Sphenoid bone
- Parietal bone Temporal bone
Occipital bone Maxilla

Nasal bone - Vomer

Ethmoid bone Palatine bone




Greater wing, frontal margin Middie clinoid proc

Prechiasmatic sulcus
Lesser wing / Jugum of sphenoid bone

/ / Tuberculum sellae

Ant. clincid proc.

// 4 Optic
J canal

Vs

!
|
|
|
|
|
|
|

Greater wing,

N,
S
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r A/

~
parietal N Greater wing of
margin \ sphenoid bone
\
Sup. orbital —
fissure
—— Foramen
rotundum
— Hypophyseal fossa,
sella turcica
= Greater wing, -7 Foramen ovale
Sphenoid
== Foramen spinosum
~
~
= Carotid sulcus
Past. clinoid proc. <
PR N Lingula of sphenoid bone
Jugularnotch — — ———
——————— Jugular tubercle
Jugular proc. ——— % ; P4 & . ———Lat. part of occipital bone
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Foramen magnum — ——— F d

\\/ Mastoid margin

Cerebellar fossa ———

-
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N
e

e
Int. occipital crest <

7
Cruciform eminence <

!/
Int. occipital protuberance |
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Major Ligaments Near Jaw Joint



| Zygomatic proc. of temporal bone

Articular capsuley
N\
7 Zygomalic bone

Ext. acoustic meatus ~ __

—=Lat plate of
pterygoid proc

Temporomandibular
joint, lat. lig.

= Coronoid proc

Angle of mandible ~
(Masseteric tuberosity)

The temporomandibular joint,
lateral aspect.

| Hypophyseal fossa
Sphenoid sinus ~_

|
| ~ Dorsum sellae
| -

[ Perpendicular plate<

of ethmoid bone \\ - Body of sphenoid bone

Nasal septum, bony part )

Vomer ~ Clivus
~ -

Nasal cavity, Choana ~— __
~. Pterygospinous lig.

_— Hypogiossal canal

Lat. plate — — —
Pterygoid proc. |
| Med. plate ——

Pterygoid hamulus ——
~ Styloid proc.; Stylomandibular lig

~
™ Ramus of mandible

» Lingula of mandible
= Mylohyoid groove

== Angle of mandible

. ~
Mylohyoid line

The pterygospinous and sphenomandibular
ligaments. A paramedian section, medial aspect.

_.~ Spine of sphenoid bone;

_— Sphenomandibular lig.

Major Ligaments
Near Jaw Joint:

Stylomandibular

Sphenomandibular



Maxillary hiatus

Ethmoidal crest

*

Lacrimal margin —— — —.&
: Sphenopalatine notch

Maxillary sinus

Conchal crest — i Perpendicular plate of
Lo palatine bone

N
N\ Conchal crest

N\ Post. nasal spine

N
N Transverse palatine suture

Maxilla

i
Palatine bone N\ Palatine proc. of maxilla



Bones of the Basicranium

Ethmoid
Sphenoid
Temporal
Occipital



Ethmoid

S Wing of crista galli
Wing of crista A G Perpendicular plate |

galli
Crista galli
N

 Crista gall

/ Orbital plate

/ o
. .SM/«,;_NR

Cribriform plate
and foramina \

// Ethmoidal air cells

Orbital N
plate® N\ ; Ethmoidal

/ labyrinth

Perpendicular/ By :‘9 s
plate / ‘ \
N
Ethmoidal air/ & N Middle nasal
cells | \ concha
/ \
Perpendicular plate/ \' Uncinate proc.

superior lateral



/Smmo«dal crest 2 Orbital surface of
Body of sphenoid | / // greater wing

bore | / |Lesser wing /

Opening of \
sphenoid sinus \\ / | Sup. orbital /
/ | fissure

Greater wing

Temporal surface

Zygomatic margin
¥g 9 of greater wing

~
Infratemporal crest

~

~
Spine of sphenoid bone

I}

\ /

Pterygoid canal |

Foramen rotundum |
I
|

e
Lat. plate of

Maxillary surface pterygoid proc

N\
2 ch
Med. plate of pterygoid proc I' Pterygoid notc

- \
] \
e n O I d Sphenoidal concha Pterygoid hamulus

) Sphenoid bone,
anterior aspect.

Dorsum sellae

Post. clinoid proc.
Foramen rotundum

/ Ant. clinoid proc,
Parietal

Sup. orbital fissure \
\ margin

/
/ / Lesser wing

/

/

|

|

|

I /
|
I
|

surface of
Qreater wing

Arterfal sulcus

Squamous -
margin of
greater wing

Lingula of sphenoid bone

Sulcus for auditary tube

Spine of sphenokd bone

~
”
-~
Carotid sulcus 7 -
7z
/ o Scaphoid fossa
Pterygoid canal // NG
4 \ ™ Prerygoid fossa
Vaginal proc \

Lat. plate of pterygoid proc.
S
Rostrum of sphenoid

\
Med. plate of
pterygoid proc. Pterygoid hamulus

Anterior

Posterior



/ Parietal margin
/ 7 Squamous part of temporal surface

Sulcus for middle temporal artery \
Suprameatal foveola 3 \{

Supramastoid crest Y
Sphenoid margin

Parietal notch — _ _

S~
-

Suprameatal spine ~ __ ’f‘.
o 4

A .
~

B,
~ O

Occipital margin -

Mastoid foramen ~ o

Tympanomastoid fissure ——=—=— . Articular tubercle

g AN
TR N\ Articular surface of mandibular fossa

Mastoid noteh =~

|
3 % \\ \ Petrotympanic fissure
Mastoid proc. 7~ / | \\
Il | \\ Vaginal proc. of styloid
/ |
Tympanic part' : \ Styloid proc.
|

Ext. acoustic meatus

External

Subarcuate fossa ———

-~
Apex of petrous part =

Aperture of int. acoustic meatus /

_ —— Zygomatic proc.

Temporal

Internal

Parietal margin

7 Squamous part, cerebral surface
/ Arcuate eminence
7. Pariatal notch

7 Sup. margin, petrous part

~—— — Mastoid foramen
~  a
~~ Occipital margin
b )
~ Sulcus for sigmoid sinus
SN Bxt. aperture of the aqueduct of the vestibule

N
N\ N\ Intrajuguiar proc.

\
\ Styloid proc.



Petrosquamosal fissure

Squamous part Tympanic part Petrous part

Neonatal Temporal Bone



Greater wing, frontal margin Middie clinoid proc

Prechiasmatic sulcus
Lesser wing / Jugum of sphenoid bone

/ / Tuberculum sellae

Ant. clincid proc.

// 4 Optic
J canal

Vs

!
|
|
|
|
|
|
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Greater wing,

N,
S
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r A/

~
parietal N Greater wing of
margin \ sphenoid bone
\
Sup. orbital —
fissure
—— Foramen
rotundum
— Hypophyseal fossa,
sella turcica
= Greater wing, -7 Foramen ovale
Sphenoid
== Foramen spinosum
~
~
= Carotid sulcus
Past. clinoid proc. <
PR N Lingula of sphenoid bone
Jugularnotch — — ———
——————— Jugular tubercle
Jugular proc. ——— % ; P4 & . ———Lat. part of occipital bone
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Foramen magnum — ——— F d

\\/ Mastoid margin

Cerebellar fossa ———

-
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e
Int. occipital crest <
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Cruciform eminence <
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Int. occipital protuberance |
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Dermal Roofing Bones

Nasals
Frontal
Parietals



Intemasal suture |

/ Frontal bone,
\ Squama
\ ;

Nasal bone
Frontal process of maxila |

// Frontonasal suture

Frontolacrimal suture \

/ Frontomaxillary suture
Sphenofrontal suture |

\

Supraorbital margin \ 7/ Supraorbital foramen

Coronal suture P ek
anetal bone
Parietal bona, 7

sphenoid angle

Greater wing of sphenoid \ 7 Sphenopanatal suture
bone

Orbxtal surtace of ~§ -
frontal bone ) 2 d / -~ Greater wing of sphenoid
Zygomatic process of ~ . y bone, orhital surface
frontal bong
~

N Temporal bone

Superior orbital —
fissure

Lesser wing of ——

__ Frontozygomatic suture
sphenoid bone =

Lacrimai bone
Greater wing of sphenoid
bone s

Sphenozygomatic

Zygomatic bone SULFS

o

Inferior orbital fissure Nasomaxillary suture

Z
Infracrbital margin Infraorbital foramen

Zygomaticomaxillary suture

Inferlor and middle nasal conchae
Ethmoid
bone

Vomer, nasal

septum

Nasal septum

Alveclar process of maxilla Ramus of mandible

Anterior nasal sping

Mentai foramen Intermaxillary suture

Body of mandible
Frontal bone Al Temporal bone —
Nasal bone Inferior nasal concha ! Ethmoid bone
Maxilla Mandible Parietal bone

Zygomatic bone Lacrimal bone Sphenoid bone



Frontal

_ — Ext. surface of frontal squama

Frontal eminence

Panetal margin

-~

—=— Temporal fossa

-
Superciliary arch -~ e — ——— Supraorbital margin

——=—— Zygomatic proc

= g N
Orbital surface, orbital part \ \ Frontal notch
TONa: NO

|
| N \
Supraorbital foramen ! ’I N \ Glabelia
~
Nasal part | N\ Nasal spine

Frontal bone, anterior
view (80%).

Nasal spine
Glabella
Trochlear spine \

|

|

| /

| / / Aperture of frontal sinus
\ |

Superciliary arch 3 ’ Supraorbital notch
N\

Supraorbital margin < _ Trochlear fovea
& -

_ Orbital surface, orbital part
7~
_— Fossa for lacrimal gland

Zygomatic proc,

}
|

Ant. ethmoidal foramen Ethmoidal notch

Anterior

Inferior



Frontal bone, squama

Nasal bone
N

P Supraorbital notch™

7

Cribriform plate and foramina .

o Supraorbital margin

Fossa for lacrimal gland ‘ _
_ Ethmoidal labyrinth
-

__ Zygomatic proc. of frontal bone

—

Lat. margin _ _

Cribriform plate and foramina / \ Perpendicular plate of ethmoid bone

Frontal bone Ethmoid bone Nasal bone




Sagittal margin - ~_ s / Parietal eminence
/

— — Frontal angle

Occipital —

~ Sup. temporal line
angle /

7

; External

== Frontal margin

o

: 7 s /
Occipital e s
margin L
\-
a
A Ay
i,

Parietal N

The right parietal bone,
lateral aspect

/ Sagittal margin

Frontal angle ——
_ —— Occipital angle
. Int. surface
-~
j Internal
/
Frontal margin —--—(
\
/\— — — Occipital margin
— Suleus for
Sphenoidal angle ———— sigmoid sinus



Dermal Facial Bones

Maxilla
Zygomatic
Lacrimal



Intemasal suture |

/ Frontal bone,
\ Squama
\ ;

Nasal bone
Frontal process of maxila |

// Frontonasal suture

Frontolacrimal suture \

/ Frontomaxillary suture
Sphenofrontal suture |

\

Supraorbital margin \ 7/ Supraorbital foramen

Coronal suture P ek
anetal bone
Parietal bona, 7

sphenoid angle

Greater wing of sphenoid \ 7 Sphenopanatal suture
bone

Orbxtal surtace of ~§ -
frontal bone ) 2 d / -~ Greater wing of sphenoid
Zygomatic process of ~ . y bone, orhital surface
frontal bong
~

N Temporal bone

Superior orbital —
fissure

Lesser wing of ——

__ Frontozygomatic suture
sphenoid bone =

Lacrimai bone
Greater wing of sphenoid
bone s

Sphenozygomatic

Zygomatic bone SULFS

o

Inferior orbital fissure Nasomaxillary suture

Z
Infracrbital margin Infraorbital foramen

Zygomaticomaxillary suture

Inferlor and middle nasal conchae
Ethmoid
bone

Vomer, nasal

septum

Nasal septum

Alveclar process of maxilla Ramus of mandible

Anterior nasal sping

Mentai foramen Intermaxillary suture

Body of mandible
Frontal bone Al Temporal bone —
Nasal bone Inferior nasal concha ! Ethmoid bone
Maxilla Mandible Parietal bone

Zygomatic bone Lacrimal bone Sphenoid bone



Frontal proc., ant. lacrimal crest

Lacrimal margin

Lacrimal notch -

Infraorbital margin
2 Infraorbital foramen

5 (Zygomaticoalveolar crest)

Canine fossa
”~

Infratemporal (post.) surface _ _ )
Nasal notch

Alveolar foramen ——
_— Ant. nasal spine

Zygomatic proc. —~
_ Alveolar juga

//

Maxillary tuberosity ——

/
Alveolar proc. 7

\
\ Facial (ant.) surface

Maxilla: Lateral View



Maxillary hiatus

Ethmoidal crest

*

Lacrimal margin —— — —.&
: Sphenopalatine notch

Maxillary sinus

Conchal crest — i Perpendicular plate of
Lo palatine bone

N
N\ Conchal crest

N\ Post. nasal spine

N
N Transverse palatine suture

Maxilla

i
Palatine bone N\ Palatine proc. of maxilla



Ant. and post. ethmoidal
| foramina

Frontal notch Optic canal
N >

Sup. orbital

S “ fissure
Orbital plate of

ethmoid bone _ Zygomaticofrontal suture

Frontomaxillary suture _ __
== _ — Zygomatic bone

—

— — — Sphenoid bone, greater wing,
orbital surface

—_—

—— Zygomatic bone,
orbital surface

— ——— Zygomaticofacial
foramen

Post. lacrimal crest =~

S "l TS It orbital fissure
orbital proc. \ ~
// \ N Infraorbital sulcus
Infraorbital foramen and canaI/ ] Zygomaticomaxillary suture
The left orbit,

anterolateral view (110%). The

probe is in the infraorbital

canal.
Nasal bone - Vomer Temporal bone
Frontal bone Zygomatic bone Inf. nasal concha
Palatine bone Maxilla : Sphenoid bone

Ethmoid bone - Lacrimal bone

Bones of the Orbit



Dermal Palatal Bones

Maxilla
Palatine
\omer



Maxilla Sphenoid bone

i
s
53

s .
e
mﬁﬁi@: Inferior nasal concha

Palatine bone

Transverse palatine suture

/ Post. nasal spine

——

|
_ |
Med. lamina N |
i ~
Pterygoid proc. N ’! // / Horizontal plate of palatine bone
Lat. lamina — — | / /
A
,I { B ~ Lesser palatine foramen
| | s
’l : - . _Greater palatine foramen

Pyramidal proc. of palatine bone

Greater palatine foramen ———

~N
> Palatine spines

~
~ . .
~ Palatine proc. of maxilla

N
N Incisive bone

Incisive bone 7 ~
| \
\ Median palatine suture

Incisive foramen I

Hard Palate

Zygomatic proc. of maxilla



Maxillary hiatus

Ethmoidal crest

*

Lacrimal margin —— — —.&
: Sphenopalatine notch

Maxillary sinus

Conchal crest — i Perpendicular plate of
Lo palatine bone

N
N\ Conchal crest

N\ Post. nasal spine

N
N Transverse palatine suture

Maxilla

i
Palatine bone N\ Palatine proc. of maxilla



Bones of Splanchnopleure

Sphenoid Greater Wing
Temporal Styloid Process
Middle Ear Ossicles



/Smmo«dal crest 2 Orbital surface of
Body of sphenoid | / // greater wing

bore | / |Lesser wing /

Opening of \
sphenoid sinus \\ / | Sup. orbital /
/ | fissure

Greater wing

Temporal surface

Zygomatic margin
¥g 9 of greater wing

~
Infratemporal crest

~

~
Spine of sphenoid bone

I}

\ /

Pterygoid canal |

Foramen rotundum |
I
|

e
Lat. plate of

Maxillary surface pterygoid proc

N\
2 ch
Med. plate of pterygoid proc I' Pterygoid notc

- \
] \
e n O I d Sphenoidal concha Pterygoid hamulus

) Sphenoid bone,
anterior aspect.

Dorsum sellae

Post. clinoid proc.
Foramen rotundum

/ Ant. clinoid proc,
Parietal

Sup. orbital fissure \
\ margin

/
/ / Lesser wing

/

/

|

|

|

I /
|
I
|

surface of
Qreater wing

Arterfal sulcus

Squamous -
margin of
greater wing

Lingula of sphenoid bone

Sulcus for auditary tube

Spine of sphenokd bone

~
”
-~
Carotid sulcus 7 -
7z
/ o Scaphoid fossa
Pterygoid canal // NG
4 \ ™ Prerygoid fossa
Vaginal proc \

Lat. plate of pterygoid proc.
S
Rostrum of sphenoid

\
Med. plate of
pterygoid proc. Pterygoid hamulus

Anterior

Posterior



Sphenoid/ anterior view of orbital surface and foramina with
associated cranial nerves indicated

1
IV

™

\ _
I Opth A —
CV.

Nerve of pteryge
canal ALSO
CALLED VIDIAR
NERVE (VII
parasympathetics +
sympathetics)



Petrosquamosal fissure

Squamous part Tympanic part Petrous part

Neonatal Temporal Bone



Middle Ear Ossicles

Malleus
Incus
Stapes



lateral view

Head of malieus
-~

The right malleus,

~
N Lat. proc.

~

SN Manubrium of maseus

The right malleus,

posterior view

ticular facet __

medial view

— Lenticuar proc.

The right incus,

——
Ant.orus — -

Head of malleus

s
~

£

Lat. proc. } T
- -

g

7
Manubrium of malleus 7

; The right malleus,
anterior view

A
Longcrus —

= Lenticular proc.

The right incus,
lateral view

Head of stapes —

-~

The right stapes,
viewed from above



I Incudomalleolar joint

/

Head of malleus _

~ Body of incus

Short crus of incus
Lat. proc. of malleus

Long crus of incus

Ant. proc. of malleus /

e Incudostapedial joint

Manubrium of malleus — ———— Post. crus of stapes

Ant. crus of stapes = -

~
™~

™ Base of stapes



Sup. ligament of malleus| | Sup. ligament of incus

Lat. ligament of malleus

—— Post. ligament of incus
Incudomalleolar joint

Ant. ligament of malleus

— — Chorda tympani n.;

X

Post. tympanic a.
Tensor tympani m., tendon

—— Incudostapedial joint

Manubrium of malleus — — —— Stapedius m., tendon

—— Membrane of stapes

— —

Annular lig. of stapes

—— Fibrocartilaginous ring
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