Labs 9 - 12

Bone Physiology and Anatomy
and Skeletal System

Please refer to the bone list for
markings to learn



TODAY through 1/28

In the next 3 lab periods:

* Learn to identify all the bones and
markings on your "bone list"

* Do all exercises Laboratory 9 - 12

Today: Please start by labeling the skeleton
drawing with names of all bones - as you
compare drawing to real skeleton. Skip
Ossification and Activity 4 in Lab 9 for
now (we'll do it on Tuesday after we talk
about it in class).



Classification of Bones

206 bones in the adult

Axial - long axis of the
body (skull, vertebral
column and rib cage)
Lab 9 and 10

Appendicular - upper and
lower limbs and limb
girdles (hip and
shoulders) Lab 11

Shapes: Long, Short, Flat
or irregular

Types:

— Spongy (cancellous)

— Compact (lamellar,
haversian
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Bone Markings

Bulges, depressions, and holes that serve as sites of

attachment for muscles, ligaments

and tendons, joint

surfaces, conduits for blood vessels and nerves.
* Muscle/Ligament attachment sites

Tubercle - small rounded projection
Epicondyle - raised area above a condyle
Spine - sharp, slender projection

Process - any bony prominence

Tuberosity - rounded projection

Crest - narrow, prominent ridge of bone
Trochanter - large, blunt, irregular surface
Line - narrow ridge of bone

 Form Joints

Head - bony expansion on a narrow neck
Facet - smooth, nearly flat articular surface
Condyle - rounded articular projection

Ramus - armlike bar of boneHead - bony
expansion carried on a narrow neck

« Depressions (blood vessels and nerves fo pass)

Mar]or markings for femur include the head, greater

esser trochanters, gluteal tuberosity, lateral andg;
medial condyles and epicondrles, linea aspera, patella
surface, and the intercondy

Sinus - cavity within a bone

Fossa - shallow, basin-like depression
Groove - furrow

Fissure - narrow, slit-like opening
Foramen - round or oval opening through a b

—

[]
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ar notch

Intertrochanteric
crest
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Intertrochanteric
line
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Linea aspera

i Medial and [ | Lateral
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\ condylar lines O

\ ! |

Intercondylar fossa
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Posterior view

Lateral
epicondyle
\\/ TR

Patellar
surface -

Lateral
epicondyle

Anterior view

(b) Femur



Bone Markings

TABLE6—-1 An Introduction to Bone Surface Features

Trochanter

Sinus (chamber
within a bone)

Crest

S147
FEN . Foramen

Canal Fissure ‘
¥—-Tuberosity
¥ Process ! Spine
A
»
Fossa
skull Trochlea
Tubercle e
Facet Condyle

Condyle Humerus




Growth in
Length of
Long
Bone

A
— Resting
3 (quiescent) zone

— Growth
(proliferation)
zone

Cartilage cells
undergo mitosis

— Hypertrophic
zone

Older cartilage
cells enlarge

Calcified e reaten
caft"?ge Matrix becomes
spicule calcified; cartilage
Osteoblast cells die; matrix
depositing begins deteriorating
bone matrix

Osseous — Ossification

- u (osteogenic)
tissue R

(t:::,':.)in New bone

¢ rtil g formation

= Loee is occurring
spicules

Figure 6.9



80 bones
make up
the axial
skeleton

SYSTEM

SKELETAL 208]

AXIAL 80 APPENDICULAR
SKELETON | SKELETON

—{ &ssociated




Regions of the Human Brain

Parietal

Skull

Cranial and Facial Bones: 22 bones that
enclose and protect the brain and serve
as attachment sites for head and neck
muscles.

Temporal

Cranial: made of mainly Flat bones Lobe \
- Connected by interlocking joints called pins

sutures except for the mandible (TMJ) Front Back

« Divided into vault (calvaria) and base with
over 85 openings for blood vessels and
nerves. You do not have to learn all of
them!

Facial Bones:
Framework of face

« Cavities for sense organs (eyes, ears,
tongue)

« Provides openings for air and food
« Secures teeth
* Anchors facial muscles

Cerebellum

......



Skull = 22 bones

Associated = 7 bones

SPHENOID
ETHMOID
OCCIPITAL
BORS LACRIMAL

BONE

NASAL

4 < Cranial bones 2 BONE
! — - o YONER N ZYGOMATIC
ASSOCIATED | CRANIUM | 8 FACE 14 BONE
BONES Occipitalbone | 1 | | Maxillary bones | 2 b MALLARY
Within | Parietal bones | 2 Palatine bones | 2 ‘
temporal bone
Auditory boﬁgs Frontal bone | 1 Nasal s 2 MANDIBLE
ossicles |8 | Temporal bones| 2 Vomer 1
3 Sphenoid 1 Inferior 5
Ethmoid 1 nasal conchae
] Zygomatic bones| 2 Facial bones
2 Suspended from Lacrimal bones | 2
temporal bones Mandible 1
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Coronal suture

Sphenoparietal suture
SPHENOID

Squamous suture

Supraorbital foramen

NASAL BONE
LACRIMAL BONE

Squamous part
of temporal bone

Lambdoid suture
ETHMOID
Infraorbital foramen

MAXILLARY BONE
ZYGOMATIC BONE

External acoustic canal

Mastoid process

Styloid process

Zygomatic process
Zygomatic |  of temporal bone Mental foramen
arch Temporal process

of zygomatic bone Mental protuberance
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PARIETAL BONE

Supraorbital foramen Coronal suture

Optic canal

SPHENOID
- Superior orbital fissure

TEMPORAL BONE
ETHMOID .
LACRIMAL BONE

ZYGOMATIC BONE
MAXILLARY BONE

NASAL BONE
Inferior orbital fissure
Temporal process

of zygomatic bone
Mastoid process

of temporal bone
Infraorbital foramen

Middle nasal concha
(part of ethmoid)

INFERIOR NASAL —
CONCHA

MANDIBLE

Mental foramen Perpendicular

plate of ethmoi;‘ Bony nasal septum
VOMER
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FRONTAL BONE e

——— MAXILLARY BONE

ZYGOMATIC BONE

VOMER __— PALATINE BONE

SPHENOID

Foramen ovale .

- Zygomatic arch

Styloid process
Mandibular fossa

— Pterygoid processes
Foramen lacerum

Carotid canal
TEMPORAL BONE
Mastoid process

External acoustic canal
Jugular foramen

Stylomastoid foramen

Lambdoid suture

OCCIPITAL BONE

External occipital
protuberance

Occipital condyle

Foramen magnum
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FRONTAL BONE -

Sella turcica (¢—
Foramen rotundun ¢

Foramen lacerum <o

Carotid canal | Foramen ovale ¢

ms) TEMPORAL BONE

Foramen SpinoSum (e
). Jugular foramen

) PARIETAL BONE Internal acoustic canal

=) OCCIPITAL BONE

Hypoglossal canal

Internal occipital crest
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TEMPORAL BONE

Squamous suture

Coronal
suture

FRONTAL BONE

SPHENOID

Frontal sinus

Crista galli

NASAL BONE
Perpendicular
plate of ETHMOID

VOMER
MAX'LBLSs\E, Internal acoustic
canal
Hypoglossal
canal
Styloid process Hypophyseal fossa
of sella turcica
MANDIBLE Sphenoidalsinus

PALATINE BONE
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Cranium: Frontal Bone :
}(Fromal bone

Glabella
Frontonasal suture

Supraorbital foramen
(notch)

« Forms the anterior portion
of the cranium

* Articulates posteriorly with
the parietal bones via the
coronal suture

* Markings you need to know:

— supraorbital foramen

— frontal sinuses (internal and
lateral to the glabella )

Supraorbital margin

(a)

Figure 7.2a



Parietal Bones

Four sutures mark the

articulations of the parietal

bones

Coronal suture -
articulation between
parietal bones and

frontal bone anteriorly

Sagittal suture -
where right and left
parietal bones meet
superiorly

Lambdoid suture -
where parietal bones
meet the occipital
bone posteriorly

Squamosal or
squamous suture -
where parietal and
temporal bones meet

* Parietal bone covers
parietal and temporal lobes
of brain

Frontal bone

Coronal suture

Parietal bone

Temporal bone

Lambdoid
suture

Squamous suture

Occipital bone

Sphenoid bone
(greater wing)

Figure 7.3a



Occipital Bone

* Forms most of skull's posterior
wall and base

« Joints include lambdoid
(parietal) and occipitomastoid

(’rempor'al) Lambdoid
_ . suture
* Major markings you need to
know:
— foramen magnum (spinal Occlpital bone
cord exit)
— occipital condyles (articulate Superior nuchal line
with atlas)
External

— Superior and inferior nuchal  gegipita)
line which secure many back protuberance
and neck muscles

& — Mastoid
process

Inferior

Occipitomastoid nuchal
suture External Occipital line
occipital condyle
(b) crest

Figure 7.2b



Occipital bone Parietal bones (2)

Occipital

/ condyle

Superior

Foramen temporal line

magnum

- External

¢ i, : occipital <
Inferior o ' crest

nuchal line 58 Inferior
S 2Ny - temporal line
External - % ™ Superior
occipital nuchal
protuberance line

(a) (b)

Copyright @ 2005 Pearson Education, Inc., publishing as Benjamin Cummings.



Divided into four major regions:

Major

squamous (by squamous
suture)

tympanic (surrounds
external ear canal)

mastoid

petrous (base with
sphenoid supports temporal
lobe of brain, houses ear
cavities - visible from
inside)

markings you need to know:

external acoustic (auditory)
meatus

styloid process
zygomatic process
mastoid process
mandibular fossa
Jjugular foramen

Temporal Bones

Coronal suture

Parietal bone

Temporal bone

Lambdoid
suture

Squamous suture

Occipital bone

Frontal bone

Sphenoid bone
(greater wing)



Petrous

Squamous
part

External
acoustic canal

N\ Zygomatic

process .. Mastoid

| Mandibular ~ FsSyloid - process
Styloid process” fossa process

Mastoid
process

Temporal bones
Mastoid process, cut to ( 2 )

show mastoid air cells

(c) Mastoid air cells
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Sphenoid Bone

» Butterfly-shaped bone that spans the
width of the middle cranial fossa

* Forms the central wedge that
articulates with all other cranial bones

- Consists of a central body (w/sphenoid
sinuses) and 3 processes:

- greater wings

- lesser wings

- pterygoid
Major markings you need to know:

*sella turcica

*optic foramen

sgreater wing

*lesser wing

*superior orbital fissure

foramen ovale

foramen rotundum

foramen spinosum

Chiasmatic
groove

Lesser wing
/ Greater
@~

- Anterior clinoid
Greater : ' e /\' process
Hig \ [ 5 Foramen rotundum
Hypophyseal W Foramen ovale
fossa of Foramen spinosum
ts:rltl:?ca Posterior clinoid Dorsum sellae

process Body of sphenoid

(a) Superior view

Frontal bone

Olfactory foramina

Anterior cranial fossa Cr!bnform.plate Ethmoid
Crista galli bone
L ;
Sphenoid {Ges:r mf\g Optic canal
Teaierwing Anterior clinoid process
Tuberculum sellae Foramen rotundum
Sella—| Hypophyseal fossa Foramen ovale
turcica Dorsum sellae £ )
Posterior clinoid process — Foramen spinosum

Middle cranial
fossa

\

Foramen lacerum

Temporal bone

Jugular foramen
(petrous part)

Hypoglossal canal

Internal
acoustic meatus

Posterior

cranial fossa 4
Parietal bone A
)

Anterior
cranial
fossa

Occipital bone Middle

cranial

(b) Foramen magnum fossa

Posterior
cranial
fossa

(c)
Copyright © 2006 Pearson Education, Inc., publishing as Benjamin Cummings.
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Frontal bone

ET h m O i d B O n e Olfactory foramina

Anterior cranial fossa

Cribriform plat
oM PR thmoid
Crista galli bone
Optic canal

Anterior clinoid process
Foramen rotundum

Lesser wing
A Sphenoid )
Cribriform Phenokd-! creste wing

plate
Tuberculum sellae
Hypophyseal fossa
ls:rlcl?ca Dorsum sellae S
Posterior clinoid process—

) Olfactory

\%ﬁ foramina

0T
|", vl
'=aeee.':»' e —

Foramen ovale

Foramen spinosum

Middle cranial
fossa

= L
s

Foramen lacerum

Temporal bone Jugular foramen

(petrous part)

Hypoglossal canal

Internal

Orbital

acoustic meatus
plate — Left lateral
mass Post_erlior i L .
el foss ‘\ cranial
Parietal bone ————
Ethmoid sinuse

| - Occipital bone

|

I

’ Middle

; by F
Perpendlcular nasal concha (b) oramen magnum

plate

cranial
fossa

(c)

Copyrght © 2006 Pearson Educadion, Inc., publishing as Benfamin Cummings.

. Eeepesf of the skull bones; lies between the sphenoid and nasal
ones

. Fotr)'ms most of the bony area between the nasal cavity and the
orbits

« Major markings you need to know: the cribiform plate (roof of
nasal cavities with opening for olfactory nerves), crista galli (dura
attaches here), perpendicular plate (forms nasal sep‘rum()J



Ethmoid

Crista galli

"~ g . - - Lateral mass
Olfactory k. SES— S containing
foramina : ethmoidal

labyrinth
Cribriform

plate

Crista galli

Perpendicular Perpendicular Middle nasal
plate plate concha

(a) (b)
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Skull: Other Bones

Zygomatic: Irregularly shaped bones
(cheekbones) that form the cheeks and the
inferior-lateral margins of the orbi

Nasal bones - thin medially fused bones that
form the bridge of the nose

Lacrimal bones - contribute to the medial
walls of the orbit and contain a deep groove
called the lacrimal fossa that houses the
lacrimal glands

Palatine bones - fwo bony plates that form
the posterior portion of The hard palate, the
postero-lateral walls of the nasal cavity, and g
small part of the orbits

Vomer - plow-shaped bone that forms part of
the nasal septum

Inferior nasal conchae - paired, curved bones
in the nasal cavity that form part of the
lateral walls of the nasal cavity



Supraorbital foramen NASAL BONE Lacrimal sulcus Optic canal

/

¥ l“'.
34 "
) ior orbital
TEMPORAL BONE ﬁ:sr:
SPHENOID LACRIMAL
BONE
Middle nasal
concha
: INFERIOR
Zygomaticofacial
foramen I:AiALrCIO s
ZYGOMATIC BONE p?ocﬁsaof
zygomatic bone

Mastoid process

MAXILLARY BONE Perpendicular plate of VOMER
l ethmoid |

l
Bony nasal septum

v

Infraorbital foramen
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Orbits

* BO ny cavi ’|’I€S n Roof of orbit Suprorbitdiforamen orbital fissmgptic canal
Wthh The eyes are Lesser wing of : '

sphenoid bone

firmly encased and | owiaipiste ot

frontal bone

Medial wall

cushioned by fatty - Sphenoid bocy
fissue i

—Frontal process
of maxilla

° F Or'med by par'TS Zygomatic process -

of frontal bone

Of seven bones - Greater wing of —

sphenoid bone

—Lacrimal bone

fronTGl ! Sphen0|dl Orbital syrface of —
Zygomaficl mGXi“C(’ zygomatic bone

Nasal bone

l N Inferior orbital fissure 7 # Floor of orbit
pa I afine / I GC rl mal / Infraorbital groove - - Orbital process of
and ethmoid Zygomatic bone palatine bone

A, — Orbital surface of
maxillary bone

—Zygomatic bone

Infraorbital
(b) foramen




Frontal sinus

Superior
Superior, middle, and , nagal concha
inferior meatus 7/ Ethmoid bone

Nasal Cavity

Constructed of bone and hyaline
cartilage

Roof - formed by the cribriform
plate of the ethmoid bone

Lateral walls - formed by the
superior and middle conchae of the

Middle
nasal concha

Inferior nasal concha

Anterior nasal spine

Maxillary bone
(palatine process)

ethmoid, the perpendicular plate of T s

the palatine bone, and the inferior e y
o Palatine bone alatine bone

nasal conchae of ethmoid u et ool )

Floor - formed by palatine process
of the maxillae and palatine bone

Nasal septum divides nasal cavity: bm{:“ | §
vomer inferiorly, ethmoid bone |
superiorly + septal cartilage. Y\

Nasal septum has mucus secreting
epthelia, nasal conchae increase air
turbulence - traps more particles.

Frontal sinus

Nasal bone

Perpendicular plate
of ethmoid bone

—— Septal cartilage

Vomer
Palatine bone 5
Alveolar margin

Palatine process of maxilla

of maxilla

(b)



Facial Bones: Mandible and Its Markings

 There are 14 facial bones

« The mandible (lower jawbone) is
the largest, strongest bone of
the face

« Forms chin
« Anchors the lower teeth

« Mandibular foramen - exit for
sensory nerves from teeth where
dentists inject novocaine

Markings to Know:
— body
— mandibular foramen
— mental foramen
— mandibular notch
— alveolar process (margin)

— condylar process (has mandibular
condyle at its superior end)

— coronoid process
— ramus

Temporomandibular Mfatndibularlfl;)ssa
joint of temporal bone
Mandibular notch

C id
S /p?Jé’::;
§

Mandibular
condyle _x\
3

Ramus —
= Alveolar
mandible margin
i, Mental
, | foramen
_Mandibular \
angle I— Body of mandible
(a) Mandible



Maxillary Bones

* Medially fused bones that make up
the upper jaw and the central portion
of the facial skeleton

* Facial keystone bone that articulates
with all other facial bones except the
mandible

* Holds the upper teeth

* Palatine process fuses to form hard
palate (roof of the mouth)

* Maxillary sinuses - largest of
paranasal sinuses

Markings to know:
— palatine process
— infraorbital foramen

Articulates with
frontal bone

Frontal process

Orbital surface

Zygomatic —~

process '(; 7 Infraorbital

Maxillary N8 foramen
bone

Anterior nasal
spine

Alveolar
margin

Incisive fossa
Medial palatine suture
Infraorbital foramen

Maxilla

Maxilla
(palatine process)
Hard
palate| palatine bone
(horizontal plate)

Zygomatic bone

Sphenoid bone
(greater wing)

Temporal bone

omatic process’
GE P ) Foramen ovale
Vomer Foramen
lacerum
:Jloasgglbular Carotid canal
5 ¥ § External acoustic meatus
tyloid process .

Stylomastoid
foramen

Mastoid process Vo

Temporal bone
(petrous part)

Pharyngeal
tubercle of
basioccipital
Parietal bone
External occipital crest

Jugular foramen

Occipital condyle

Inferior nuchal line

Superior nuchal line

External occipital

Foramen magnum
(a) protuberance 9
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Supraorbital foramen NASAL BONE

L ) ..""5 \

Lacrimal sulcus Optic canal

- Superior orbital

TEMPORAL BONE fissure
SPHENOID LACRIMAL
BONE
Middle nasal
concha
; INFERIOR
Zygomaticofacial
foramen mg? NCHA
ZYGOMATIC BONE process of
zygomatic bone

Mastoid process

Infraorbital foramen

MAXILLARY BONE Perpendicular plate of VOMER
| ethmoid |

|
Bony nasal septum
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Paranasal Sinuses

Frontal Sphenoid
sinus sinus

Ethmoid
sinus

\\B)F Frontal sinus
.‘.fm Ethmoid sinus

g™ e

N
F\\ Maxillary sinus

S —
o

Sphenoid
sinus

Maxillary
sinus

(b)

* Mucosa-lined, air-filled sacs found in five skull bones - the
frontal, sphenoid, ethmoid, and paired maxillary bones

« Air enters the paranasal sinuses from the nasal cavity and mucus
drains into the nasal cavity from the sinuses

« Sinuses lighten the skull and enhance the resonance of the voice
and the mucous membrane moistens, cleans.



Sinuses

ETHMOID

FRONTAL—
BONE
Frontal sinus
Ethmoidal Orbit
Ethmoid air sinus
cells Nasal

Sphenoid sinus septum - g8 Middle

: 2 (deviated) i nasal
Maxillary sinus ZYGOMATIC concha

BONE &

. INFERIOR

Maxillary ~ NASAL
sinus CONCHA

Left
" nasal
MAXILLARY BONE VOMER cavity

(b)
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Vertebral Column

Formed from 26 irregular bones (vertebrae)
connected in such a way that a flexible curved

structure results
— Cervical vertebrae - 7 bones of the neck
— Thoracic vertebrae - 12 bones of the torso
— Lumbar vertebrae - 5 bones of the lower
back
— Sacrum - bone inferior to the lumbar
vertebrae that articulates with the hip
bones
« Posteriorly concave curves - cervical and
lumbar (develop as you hold head up, stand up)
« Posteriorly convex curvatures - thoracic and
sacral
«  Abnormal spine curvatures include scoliosis

gabnormal lateral curve), kyphosis
hunchback), and lordosis (swayback)

__s')

..
o
-

:/.L Al ’\ -1
2 2/
/J.A 3! J "ER
/4", #\Cervical curvature (concave)
Jd A\ 7 vertebrae, C, - C, 4..vy

g 's5 4
7 —~ 6 - x r#
Q e ) Jh N
W 7..: o / Fzy
T SR
p A TR
- Q, Spinous v’ 2 f
N 2 process (o
-4 3}“ /—Transverse—\' My F
W = process R
- ! )f-. .’{"
- A
o Ui Thoracic =
@ ~ curvature Yol
7 (convex) W
— 3‘ 12 vertebrae, /M;“ R
8,' i‘ Ti=Ts = s i\
9 ’a \

; 11'f(‘ Intervertebral—. )/ ©
L~ “Y  foramen X@W A

1
\
d
K
i
. j : ﬁ—mﬁzenebralm‘ ,Z’
{
J
y

2  Lumbar curvature
3 (} (concave) £

_/Sacrum (convex)'’
s I 5 fused vertebrae

\‘ >

\°
€ 5—7 Coccyx
< 4 fused vertebrae

Anterior view Right lateral view



General Structure of Vertebrae

Body or centrum - disc-shaped, Posterior
weight-bearing region

Vertebral arch - composed of

pedﬁclﬁs and laminae ‘rl at, aLong

with tThe centrum, enclose the T S
vertebral foramen p:222§§'se R

Vertebral foramina - make up
the vertebral canal through which
the spinal cord passes

Spinous processes project
posteriorly, and transverse Pedicle
processes project laterally

Superior and inferior articular
processes - protrude superiorly
and inferiorly from the pedicle-
lamina junctions Anterior

Intervertebral foramen - lateral
openings formed from notched
areas on the superior and inferior
borders of adjacent pedicles

Vertebral
Lamina 1% arch

Superior articular
process

Vertebral
foramen

Body
(centrum)




Vertebra

Markings to Know:

*  body

 vertebral foramen

* spihous process

 superior and inferior articular processes

« vertebral arch (lamina and pedicle)

* transverse process

* intervertebral foramen

« transverse foramen (cervical vertebra only)
« dens (axis only)

 sacral foramina and sacral canal (sacrum only)



Supernior articular
Process
Transverse
Process

~Articular processes

Inferlor
vertebral
notch

Vertebral arch

Vertebral bady Inferior articular

facet Arrow passing
) ) through vertebral
Inferior articular foramen
Process
(a) ®)

Superior articular facets

Superior
articular
W C2SS

Superior articular
Infarior procasa
articutar

SNCass Lamina of

vertebral arch

Intervertebral
foramen

Intarvertebral
disc

(c)

Infarior Arrow passing
anticular articular through vertebral

process facet canal
(d) (e)
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Vertebrae

* Bodies get larger as you descend (more
weight)

* Foramen get smaller as you descend
(less information in spinal cord)

 Shape of spinous process helps to
identify vertebrae from each region:



Regional Characteristics of Vertebrae

G827 Regional Characteristics of Cervical, Thoracic, ar

CERVICAL (3-7)

THORACIC

LUMBAR

SUPERIOR VIEW

Superior
articular process
Spinous
Inferior Process
articular
process

‘ Vertebral
/ foramen

Spinous processﬂ__

)\

Transverse
process

Vertebral
foramen

Transverse Superior

Spinous process

Transverse
process

Vertebral
foramen

Transverse Transverse costal facet (for articular articular
foramen Body process tubercle of rib) process Body process
RIGHT LATERAL VIEW
Superior articular Superior articular Superior
process |7process ) articular \ Body
; Transverse Supelnor process N il
Spinous process : costa @0
process facet \JZ‘Q‘ g1
3 Body ” '\, o 9 3 g ¢
r . : AP W
: 4 i ; { Inferior
:)':g(r:\:\s/: = /’ Inferior " Inferior notch
iidhesrion (& notch cfostal facet .
articular process J/ Spinous g]:)rrig)ead Spinous Inferior
process process articular process




Cervical Vertebrae

Seven vertebrae (C;-C;) are the
smallest, lightest vertebrae

C;-C are distinguished with an
oval Eody, short spinous
processes, and large, triangular
vertebral foramina

Each transverse process contains
a transverse foramen

The atlas has no body and no
spinous process

— Tt consists of anterior and posterior
arches, and two lateral masses

— The superior surfaces of lateral
masses articulate with the occipital
condyles

The axis has a body, spine, and
vertebral arches as do other
cervical vertebrae

— Unique to the axis is the dens, or
odontoid process, which projects
superiorly from the body and is
c;ladled in the anterior arch of the
atlas

— The dens is a pivot for the rotation of
the atlas

Ame,V Anterior tubercle
Anterior arch \‘[

N -
“ /\— Inferior
N, ’ icular
Transverse foriy\ : £50s
Posterior arch v Posterior tubercle

(b) Inferior view of atlas (Ci)

CERVICAL (3—7)

Superior articular
facet

SUPERIOR VIEW

Superior

articular process ;
Spinous

Inferior EE—
articular /40
~ Vertebral
process 53 (1 L foramen
| i -
5 &
\9 .
C p 2
< =" ot
- )
Trahsverss Transverse
foramen Body ERaeS S

RIGHT LATERAL VIEW

Superior articular
process

Body

KV,I,/—‘Q J\ >r’ \\E

Inferior
articular process

Spinous
process

Transverse
process




Cervical Vertebrae: The Axis

Anterior

Dens of axis Body “» ———Dens

Superior

Transverse articular

ligament of atlas y  facet

C, (atlas AN

! ( ) \ Transverse
foramen

C, (axis)
Pedicle

Lamina

G,

Inferior articular

process or view of axis (C,)

Bifid spinous
process

Spinous process

Transverse
processes

C, (vertebra
prominens)

9 (a) Cervical vertebrae

Figure 7.16¢



Cervical

vertebrae (7

body
lamina
pedicle

SpIinous process

Articular facet
for dens of axis

transverse loramen
fransverse process
vertebral arch

vertebral foramen

{a) Typical cervical vertebra

Paosterior Postarior Vertebral  Centrumn
veriedra e i ~
tubercle A thodvl . Sprmous
| cana .' ..\); Yi process

Suparior Suparior
articular articular facet
process

Cogyright @ 2005 Pearson Education, Inc.

Costal Tra / Dens Superior ||
process  process articular facet |
Anterior Transverse articular facet {
tubercle foramen Trangversa process
and foramen
(b) Atlas

(c) Axis
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Vertebral Column:
Intervertebral Discs

Cushion-like pad
composed of two
parts

— Nucleus pulposus -
inner gelatinous
nucleus that gives
the disc its elasticity
and compressibility

— Annulus fibrosus -
surrounds the nucleus
pulposus with a collar
composed of collagen
and fibrocartilage

Spinal cord
Spinal nerve

Vertebral spinous &
process (posterior }j |
aspect of vertebra) [

| 4

root ¥ \ AL\ L/

NN AN >
Herniated AN
portion of N I
disc i
Anulus 0 Ll
fibrosus \
of dic ‘ Nucleus

‘ pulposus

(h) of disc



Regional Characteristics of
Vertebrae

:IR=SVAVA Regional Characteristics of Cervical, Thoracic, and Lumbar Vertebrae

CHARACTERISTIC

CERVICAL (3-7)

THORACIC

LUMBAR

Body

Spinous process

Vertebral foramen

Transverse processes

Superior and inferior
articulating processes

Movements allowed

Small, wide side to side

Short; bifid; projects directly
posteriorly

Triangular

Contain foramina

Superior facets directed
superoposteriorly

Inferior facets directed
inferoanteriorly

Flexion and extension: lateral
flexion; rotation; the spine re-
gion with the greatest range
of movement

Larger than cervical; heart
shaped; bears two costal
facets

Long; sharp; projects
inferiorly

Circular

Bear facets for ribs (except
T11 and T12)

Superior facets directed
posteriorly

Inferior facets directed
anteriorly

Rotation; lateral flexion
possible but limited by ribs;
flexion and extension
prevented

Massive; kidney shaped

Short; blunt; projects directly
posteriorly

Triangular

Thin and tapered

Superior facets directed
posteromedially (or medially)

Inferior facets directed
anterolaterally (or laterally)

Flexion and extension; some
lateral flexion; rotation
prevented




Regional Characteristics of Vertebrae

ARV E Regional Characteristics of Cervuzal, B)_Ja(:lc,

CERVICAL (3-7)

THORACIC

i Lu mbar Vertebrae

LUMBAR

SUPERIOR VIEW

Superior
articular process
Spinous
Inferior process
articular
process

Vertebral
)\‘ / foramen

Spinous process -3

>\

Transverse
process

Vertebral
foramen

Spinous process

Transverse
process

Vertebral
foramen

s r
b Transverse Supenor |
Transverse Transverse costal facet (for articular articular
i rocess rocess
foramen Body  Process tubercle of rib) P Body P
RIGHT LATERAL VIEW
Superior articular Superior articular Superior
process lrprocess . articular \ Body
) Transverse Shperiar Process . |
Spinous process / costal 7. e
process / facet ‘ }w]ﬁf 9
"‘7"’-‘ I Body N 3 T
| Yo N e e 1%
.\ x." p g ' e ! g' 2 ol u L
Transverse ar ) ; ] Inferior
process g Inferior — Inferior notch
Inferior \t” notch chStﬁ | fadcet :
articular process / Spinous gfo :ib)e a Spinous Inferior
process process articular process

Table 7.2.2



Thoracic
Vertebrae

e There are twelve vertebrae

(T,-Ty,) all of which articulate
with ribs

Major markings include two
facets and two demifacets on
the heart-shaped body, the
circular vertebral foramen,
transverse processes, and a
long spinous process

The location of the articulate
facets prevents flexion and
extension, but allows rotation
of this area of the spine

Transverse process suPerior
2\ 7 articular
‘N (O process

i YR b/

6 3 —Transverse
‘M,' ,}}\\

1) T /_ costal facet
/2 J VU (fortubercle

Lamina of ib)

Inferior costal
facet (for head
of rib)

Inferior
articular
process

Spinous —/’/j
process /[

(b) Thoracic vertebrae



Superior
articular facet
Superior costal facet for
head of superior rib

Transverse costal
facet for tubercle
of superior rib

Intervertebral .4
foramen

Transverse )
process : ; Vertebral
body

Spinous
process '\

Inferior costal facet for
head of inferior rib
Thoracic
vertebrae
{Ti-T12)

Thoracic

vertebrae
(12)

(b)

Spinous Transverse
process ‘ e

Lamina

Superior - |
i ans se
articular ransverse
facet costal
: 4 facet

(a) Thoracic vertebrae, lateral view Superior

costal facet]

" Vertebral
body

i\
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Lumbar Vertebrae

« The five lumbar vertebrae (L;-L5)
are located in the small of the
back and have an enhanced
weight-bearing function

 They have short, thick pedicles
and laminae, flat hatchet-shaped
spinous processes, and a
triangular-shaped vertebral
foramen

« Orientation of articular facets
locks the lumbar vertebrae
together to provide stability

Superior
articular el
process [ A AR

Transverse e .
process ;

LR ’: d ) i /
" Inferior
J : ' l articular
| W L e VD i
0 ¢ / \‘ /

~ process
Spinous —+ &4
process "

(c) Lumbar vertebrae




Lumbar
vertebrae (5)

Sacrum -

Superior Superior
articular facet  articular

;process

A\ COCCYX — Spinous process

(@)

Transverse Lamina
process
Transverse

process process

Transverse
process
Spinous
process

Vertebral

Pedicle bady

Inferior ==
articular
facet

\
Inferior
articular
process

(b) Lateral view (c) Superior view
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Sacrum

Sacrum

— Consists of five fused
vertebrae (S;-S5), which
shape the posterior wall of
the pelvis

— It articulates with L
superiorly, and with ’rhe
auricular surfaces of the hip
bones

— Major markings include the
sacral promontory,
transverse lines, alae, dorsal
sacral foramina, sacral canal,
and sacral hiatus

Coccyx (Tailbone)

— The coccyx is made up of
four (in some cases three to
five) fused vertebrae that
articulate superiorly with
the sacrum

Body of —!\

first
sacral
vertebra

Sacral

. promontory

»
¢
N

@ @ o W

sacral
Apex foramina

}» Coccyx

(a) Anterior view

Superior
Sacral Body articular
Al canal process
‘Ala
\ Auricular

' surface
< l

Median A Lateral

sacral sacral

crest y crest
£ )
Posterior
sacral
foramina  a
Sacral

hiatus
Coccyx

(b) Posterior view

Transverse ridges
(site of vertebral
fusion)

)-




Sacrum and Coccyx

Articular

process Entrance to

sacral canal

_Sacral —
promontory

%, Auricular
surface

Sacral

. Median — ) 5 foramina ~
sacral crest ‘

hiatus

(a) Posterior surface (b) Lateral surface (c) Anterior surface

Fundamentals of Anatomy & Physlology, 7e Copyright @ 2006 Pearson Education, Inc.,
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Vertebral Column: Ligaments

TR N

il et ™
& i
— ! f

 Anterior and posterior /4
longitudinal ligaments
- continuous bands

Do ——Intervertebral

) AN A :
e il / | disc
/ ,l:l d JRAL I

Supraspinous igament ~_ ' d

down the fr'onT and Transverse process 7 '»‘f'llgztgeirti:t;inal
back of the spine | BT lgament
Sectioned =2 i |
from the neck to the spinous process L N )
sacrum !
e Short Iigamen‘rs Ligamentum flavum '
connect adjoi ni ng Interspinous
ligament

vertebrae together

Inferior articular process : . Sectioned body
(a) of vertebra



Bony Thorax (Thoracic Cage)

The thoracic cage is composed of the
thoracic ver’regrae dorsally, the ribs
laterally, and the sternum and costal
cartilages anteriorly



Sternum

(Breastbone)

Sternum:

A dagger-shaped, flat bone that lies in the
anterior midline of the thorax

Results from the fusion of three bones -
the superior manubrium, the body, and the
inferior xiphoid process

Anatomical landmarks include the jugular
(suprasternal) notch, the sternal angle, and
the xiphisternal joint

Ribs

There are twelve pair of ribs forming the
El‘c‘zr‘ing sides of the thoracic cage. total =

All ribs attach posteriorly to the thoracic
vertebrae

The superior 7 pair (true) attach directly
to the sternum via costal cartilages

Ribs 8-10 (false) attach indirectly to the
sternum via costal cartilage

Ribs 11-12 (floating) have no anterior
attachment

True —
ribs
(1-7)
False —| & Y
ribs N>~ ==
(8-12) K\‘_ Y 4 Lywaag)-
! 4 ~\Vertebra
V\Floating ‘ N
ribs )
(11,12)

(a)

Transverse costal

Superior cosi
facet (for tubercle (for head of ri
of rib)

) - Body of verte
2ty
=

= Head of rib

/{/ F ] Intervertebral

T Neck of rib

\ W@;ﬁ,s ;
i % = Tubercle of ri

Cr0554|}3r’ i

section | \*|

: %

of rib \ Costal groove (b)

(a) Costal cartilaye™——

& S,
> - ~ Shaft
Angle | Sterni
of rib 9 - I/‘ T
/:\ | e

Jugular notch
Clavicular notch

Intercostal
spaces

'— Costal cartilage
Costal margin

& "
Tubercle of rib 71~ Spinous process

e

Ligaments

Neck of rib

Vi

< Body of
thoracic
vertebra

Head of rib
Superior costal facet



Ribs and Sternum

* parts of arib - head (capitulum), neck,
body, tubercle




: p - . True ribs
Sternum S - o Tl (ribs 1-7)

Xiphoid
process

Costal -
cartilages

Vertebrochondral

ribs

(ribs 8-10) = P e

o 2 2 N ip S False nbs

Nt . T = (ribs 8-12)
Floating ribs

(ribs 11-12) (N

[

(a) Anterior view

Fundamentals of Anatomy & Physlology, 7e Copyright @ 2006 Pearson Education, Inc.,
by Fredenc H. Martinl, Ph.D. publishing as Benjamin Cummings.



True ribs
(ribs 1-7)

False ribs
(ribs 8-12)

(b) Posterior view

Fundamentals of Anatomy & Physiology, 7e Copyright © 2006 Pearson Education, Inc.,
by Fredenc H. Martinl, Ph.D, publishing as Benjamin Cummings,



Transverse Tubercle
costal of rib

Ribs P
(24) \ - b N o

| Vertebral

Demifacet— 'R Head end
‘ (capitulum)

(a) Superior view

Attachment to . =
costal cartilage Articular =
(sternal end) facets

'y

Angle

Costal groove

(b) Posterior view

PAraensmisnib 8 AARE Beansnms P onadlam lbam swdcllabdam mem Do swmio 7S ervesw bossnss



Appendicular
Skeleton

The appendicular skeleton is
made up of the bones of the
limbs and their girdles

* Pectoral girdles attach the
upper limbs to the body trunk

* Pelvic girdle secures the lower
limbs

» The pectoral girdles consist i N\
of the anterior clavicles and I\
the posterior scapulae I

 They attach the upper limbs
to the axial skeleton in a
manner that allows for
maximum movement

 They provide attachment
points for muscles that move
the upper limbs

Acromio-  gjavicle

clavicular
joint

(a) Articulated pectoral girdle



Clavicles (Collarbones)

« Slender, doubly curved long
bones lying across the
superior thorax

The acromial (lateral) end

articulates with the scapulg,
and the sternal (medial) end
articulates with the sternum

Provide attachment points for
humerous muscles, and act as
braces to hold the scapulae
and arms out laterally away
from the body

;5

<J
%
(a) Articulated pectoral girdle
_ p Posterior Sternal (medial)
P el . end —I
ot
Anterior R ——

Acromial (lateral)
end

(b) Right clavicle, superior view

Sternal end
Acromial end . .
Anterior = ——

wceer @O R
e KD

Conoid tubercle
Posterior

(c) Right clavicle, inferior view



Scapulae (Shoulder

Blades)

« Triangular, flat bones lying on
the dorsal surface of the rib
cage, between the second and
seventh ribs

« Scapulae have three borders
and three angles

MaJor' markings:

inferior and superior angles
— acromion process

— coracoid process

— lateral (axillary) border

— vertebral (medial) border

— superior border

— spine

—  supraspinous and infraspinous fossa
— glenoid fossa (cavity)

fossa

Supraspinous
fossa

Infraspinous || Subscapular

fossa

Posterior || Anterior

K 24
Coracoid——
process

Acromion—=

.‘&
o Coracoid
process

Glenoid
cavity

Infraglenoid
tubercle

Infraspinous
fossa
S Subscapular
H fossa
— Inferior angle

(f) Right scapula, lateral aspect"

Acromion

Suprascapular notch

Superior border
Superior
g ; angle

e\
A

g
Glenoid —,
cavity /
Subscapular
fossa
Lateral—'r — Medial border
border ‘
\ J
Q o

\L Inferior angle

(d) Right la, anterior P
Acromion
Coracoid process
£
Suprascapular notch 1€/ ,4
Superior angle7/ / //
5
Supraspinous !}/—Lateral
fossa l ) angle
Spine * Jf #
4 'ﬁ‘ 3 ,v/
W*' v/
Infraspinous | /
fossa £

Medial border ——
¥

4
/ — Lateral border

¥
A Ly (e Right scapula,
\ posterior aspect



The Upper Limb

The upper limb consists of the arm
(brachium), forearm (antebrachium), and

han

d (manus)

Thirty-seven bones form the skeletal
framework of each upper limb

The humerus is the sole bone of the arm
It articulates with the scapula at the

sho

ulder, and the radius and ulna at the

elbow
Major markings

Proximal humerus includes the head,
anatomical and surgical necks, greater and
lesser tubercles, and the intertubercular
groove

Distal humerus includes the capitulum,

trochlea, medial and lateral epicondyles,
and the coronoid and olecranon fossae

— Medial portion includes the radial groove

and the deltoid process

Greater ——=

tubercle

Inter-
tubercular
sulcus

Lateral
supracondylar \ /%
ridge )

bl \
Radial /1 | 7/
fossa gy

B ———— Trochleta———————g .‘ :
. i

Capitulum

(a) Anterior view

Head of
humerus

Anatomical
neck
Surgical
neck

Radial groove

Deltoid tuberosity

| Deltoid
"I tuberosity

Medial
supracondylar
ridge

Coronoid
fossa

Olecranon
fossa

Medial )\
epiconm/ A ‘ Lateral
) epicondyle

(b) Posterior view



Forearm

The bones of the forearm are the
radius and ulna

They articulate proximally with the
Eumerus and distally with the wrist
ones

They also articulate with each other
proximally and distally at small
radioulnar joints

Interosseous membrane connects the
two bones along their entire length

The ulna lies medially in the forearm
and is slightly longer than the radius

— Forms the major portion of the elbow joint with the
humerus

— Its major markings include the olecranon, coronoid
process, frochlear notch, radial notch, and the styloid
process

The radius lies opposite (lateral to)
the ulna and is thin at its proximal
end, widened distally

The superior surface of the head articulates with the
capitulum of the humerus

— Medidlly, the head articulates with the radial notch of
the ulna

— Major markings include the radial tuberosity, ulnar
notch, and styloid process

il
N0 u k. > Headof
& &7 3
Kradlus
6k
i % A Neck of
Radial Coronoid process | 1k K Bl
gy 7 Proximal  ay o
7 | radioulnar A IR
2 joint .
iARE
LA
/ 7 3
} o Interosseous ———— X | Colle’s
N membrane i A A: fracture
‘ f %y Ulna il 7
N i 87777
\ f 01
\ L7
\ . | & f
Radius—— | .. . { (€
| P ¥
| — Radius

Head of ulna ‘ Wi ‘

o\ :
. visg "‘4— Styloid process ——=
Styloid f ; of ulna

process

of radius Distal Styloid process
radioulnar of radius
joint

(a) Anterior view (b) Posterior view



Hand

Skeleton of the hand contains wrist
bones (carpals), bones of the palm
gme‘racar'pals), and bones of the
ingers (phalanges)
Consists of eight bones
— Scaphoid, lunate, triquetral, and
pisitorm proximally
— Trapezium, trapezoid, capitate, 9
and hamate distally Middle —- \
Five numbered (1-5) metacarpal Phalanges — 2.“.
bones radiate from the wrist to (fingers) e
form the palm Proximal — 4, /7]
— Their bases articulate with the R
carpals proximally, and with each W AAE
other medially and laterally \ A
— Heads articulate with the Metacarpals — > \ \
phalanges (palm)
Each hand contains 14 miniature | :
long bones called phalanges Hamate ™5~ Trapezoid
Fingers (digits) are numbered 1-5, Pisitorm— L 3\ /- el 24
beginning with the thumb (pollex) Carpals S &

(wrist) Triquetral 2\

Each finger (except the thumb) has o 75 ?
7

[ Distal—\

- -
Ry

WO/, o e
":,;

A £

=¥

Trapezium

Scaphoid

three phalanges - distal, middle, | Lunate &{ Capitate

and proximal Ulna
The thumb has no middle phalanx

Gt
'L

——Radius

(a)
Figure 7.26a



Comparison of Male and Female Pelvic
| Structure
« Female pelvis

— Tilted forward, adapted for childbearing

— True pelvis defines birth canal

— Cavity of the true pelvis is broad, shallow, and has greater capacity
* Male pelvis

— Tilted less forward

— Adapted for support of heavier male build and stronger muscles

— Cavity of true pelvis is narrow and deep




Comparison of Male and
Female Pelvic Structure

Characteristic

Female

Male

Bone thickness

Lighter, thinner, and smoother

Heavier, thicker, and
more prominent
markings

Pubic arch/angle

80°-90°

50°-60°

Acetabula Small; farther apart Large; closer together
Sacrum Wider, shorter; sacral curvature | Narrow, longer; sacral
IS accentuated promontory more ventral
. Less movable; curves
Coccyx More movable; straighter

ventrally




Comparison of Male and
Female

CHARACTERISTIC FEMALE MALE

General structure and
functional modifications

Bone thickness

Acetabula
Pubic arch/angle

Anterior view

Pelvic brim

Pubic arch




The Lower

Limb

* The three segments of the lower limb
are the thigh, leg, and foot

* They carry the weight of the erect
body, and are subjected to
exceptional forces when one jumps or

runs

* The sole bone of the thi
femur, the largest and s
in the body

?

his the
rongest bone

— It articulates proximally with the hip and
distally with the tibia and fibula

Major markings include:

lateral and medial condyles
greater and lesser trochanters
head

patellar surface

medial and lateral epicondyles

Intertrochanteric
crest

™ rFovea P
. i capitis]g‘
3 i ! &

Greater
v trochanter

line
Gluteal tuberosity B
IS
\)z it
S
| TR
it R
it o U
| o4
§ x Linea aspera ik
| |
| 1 i
- it
I NS
i ‘ Medial and f f‘ | Lateral
% lateral supra- (L condyle
condylar lines W

Intercondylar fossa

Medial condyle

Lateral
epicondyle

I 4l (|l
b \v/f ".1
! Adductor TSI
R ‘ tubercle O\
7 P v N A\ N
CAR )
Ll &, { i/

Medial
epicondyle e | \
Lateral

epicondyle

Anterior view
(b) Femur

Posterior view



Tibia
Tibia

 Receives the weight of the
body from the femur and
transmits it to the foot

« Major markings include
medial and lateral condyles,
intercondylar eminence, the
tibial tuberosity, anterior
crest, medial malleolus, and
fibular notch

Fibula

« Sticklike bone with sli(?h’rly
expanded ends locate
laterally to the tibia

* Major markings include the
head and lateral malleolus

Intercondylar

eminence _\

Lateral ——2& 5
condyle J,ﬁ condyle
Head—— 9% .,

Articular surface
of medial condyle

Gl \\ Aticular

") surface of
) lateral condyle

| Head of

. fibula
Proximal
tibiofibular
joint .
E Interosseous |
'{/ : ‘ﬁ membrane l
n E‘ \|
"f‘:, ——— Anterior \[ 1
I/ ; border
Fibula —— ?41 &i |
LR
I |
} ‘. !
,;{!. - | |+—Fibula
LA |
= Tibia i
i \
‘ y : ‘ | §
it/ M ’ ‘
y ) |
1 i
l) J 1|
Dsti—, ||| 2
tibiofibu—la\ |
joint Vo i
& \'\ sl A
(W G Medial —= i |
L ’ malleolus e
Lateral —— . {— Lateral
malleolus Aticulr surtace " malleolus

(a) Anterior view

(b) Posterior view

(c)

Parts of
fractured
fibula



Foot

The skeleton of the foot includes
the tarsus, metatarsals, and the
phalanges (foes)

The foot supports body weight
and acts as a lever to propel the
body forward in walking and
running

Bodl/1 weight is carried primarily
on the talus and calcaneus

Talus articulates with the tibia
and fibula superiorly, and the
calcaneus inferiorly

Other tarsus bones include the
cuboid and navicular, and the
medial, intermediate, and lateral
cuneiforms

Medial .
cuneifo“{g

Intermediate —
cuneiform

ey

Navicular——_ .

Talus

Trochlea of —
the talus

(a) Superior view

¢ 1 | ateral

|
j : g
\ 2
e’ R B
@t w‘ o 1,' 3 e
X R
@ :‘.' r ¥
S
3 ] -
L

— Phalanges

— Metatarsals
cuneiform
Cuboid

— Tarsals
Calcaneus

Figure 7.31a



Calcaneus

Forms the heel of the foot
Carries the talus on its superior Talus  Facetfor
surface el ore
Point of attachment for the Intermediate et ™
calcaneal (Achilles) tendon of the ; |
calf muscles | 2

Susten-
taculum
tali

Metatarsals .

— Five (1-5) long bones that _ Modial = TECANSES G
articulate with the proximal f T
phalanges tuberosity

— The enlarged head of metatarsal U5X, BRadinLslmm
1 forms the "ball of the foot”

Phalanges Facet for

— The 14 bones of the foes e

— Each digit has three phalanges \éf’;\} v,
except The hallux, which has no Talus = _Jlam
middle phalanx = =

Calcaneus Cuboid Fifth metatarsal

(c) Lateral view



Arches of the Foot

* The foot has three
arches maintained by
interlocking foot bones
and strong ligaments

* Arches allow the foot to
hold up weight

 The arches are:

— Lateral longitudinal -
cuboid is keystone of this
arch

— Medial longitudinal - talus
is keystone of this arch

— Transverse - runs
obliquely from one side of
the foot to the other

Medial longitudinal arch
Transverse arch

Lateral longitudinal arch



Development of Skeletal System

At birth, the cranium is huge
relative to the face

— Mandible and maxilla are foreshortened but
lengthen with age

The arms and legs grow at a
faster rate than the head and
trunk, leading to adult
proportions

Only thoracic and sacral spinal

curvatures are present at
birth

— The primary curvatures are convex
Fostemorly, causing the infant spine to arch
ike a four-legged animal

— Secondary curvatures - cervical and lumbar -
are convex anteriorly and are associated with
the child's development

Intervertebral discs become
thin, less hydrated, and less
elastic as we age

Risk of disc herniation increases

— Loss of stature by several centimeters is
common after age 55

— Costal cartilages ossify causing the thorax to
become rigid

— All bones lose mass

(a)

)_\
4 i
N
L
NSPN S

(b)

Newborn

2 yrs.

5 yrs.

15 yrs.

Adult

Figure 7.34
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Developmental Aspects: Fetal
Skull

 Infant skull has more bones than the adult skull
« At birth, fetal skull bones are incomplete and connected by

fontanels
 Fontanels

— Unossified remnants of fibrous membranes between fetal

skull bones

— The four fontanels are anterior, posterior, mastoid, and

sphenoid

Frontal
suture

e

Frontal - Anterior
bone ~. fontanel
Ossification
center
Parietal
bone
Posterior
fontanel Occipital

bone
(a) Superior view

Frontal bone
< \/ Sphenoidal

.. fontanel

Parietal bone

Ossification
center

Posterior
fontanel

Mastoid
fontanel

Occipital bone

Temporal bone (squamous portion)

(b) Lateral view



Fetal skull

4 Fontanels

Coronal suture Anterior fontanel Sagittal suture Occipital fontanel

OCCIPITAL
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