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The Skeleton

The human skeleton contains 206 individual bones.
The bones of the skull, spine, ribs, and sternum form the axial skeleton.

The other bones, including those of the arms, legs, pelvis, and shoulder, form the
appendicular skeleton.
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Types of bones
based on shape

o ' o Flat bone (sternum)
Long bone P y
(humeru‘s)f:

Irregular bone (vertebra)

Short bone
(trapezoid, wrist bone)

Sesamoid bone (patella)



Structure of Bone

Bones are made of a hard
outer covering of compact
bone surrounding an inner
core of spongy bone.

Some cavities in spongy
bone are filled with a soft
tissue called bone marrow.

Bones are surrounded and
protected by a tough
exterior membrane called
the periosteum.

Proximal
epiphysis

Metaphysis

Diaphysis

Metaphysis

Distal
epiphysis

Articular cartilage

Spongy bone
(contains red
bone marrow)

Red bone marrow

Epiphyseal line

Compact bone

Endosteum (lines
medullary cavity)

Nutrient artery

Medullary cavity
(contains yellow bone
marrow in adults)

Periosteum

Articular cartilage
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- —-—nﬁ'-— Proximal
B A epiphysis
Spongy - Epiphyseal line
bone

Metaphysis
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| Medullary cavity
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(b) Partially sectioned humerus




Structure of Bone

Spongy bone

Yellow marrow



Compact Bone

Bone marrow

Haversian canal

Haversian 4
canals



Compact —

bene Medullary
Spongy cavity
bone
Periosteum Interstitial
! lamellae Outer Osteocyte

circumferential Concentric lamellae Canaliculi

lamellae
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See Figure 6.3b

for details

Medullary cavity

Blood vessels

Eéosn

Ostebn‘ -
Trabeculae 3

“L\ Y e
circumferential =~ i 59 a : A1 e T RN Periosteal vein

Periosteal artery

Periosteum:
Outer fibrous layer
Inner osteogenic layer

Central canal

Spongy bone Perforating canal

Perforating (Sharpey’s)

Compact bone fibers

(a) Osteons (haversian systems) in compact bone and trabeculae in spongy bone



Growth of Bones

During development, a type of connective tissue
called cartilage is gradually replaced by bone as
minerals are deposited.

In compact bone, new bone cells are added in layers
around narrow, hollow channels called Haversian
canals.

Bone cells called osteocytes maintain the mineral
content of bone.
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(b) Enlarged aspect of spongy bone trabeculae

Osteocyte

Space for red

bone marrow Osteoclast

Trabeculae :
Osteoblasts aligned

along trabeculae of
new bone

(c) Details of a section of a trabecula

Epiphysis

Metaphysis -

Diaphysis -

Partially sectioned tibia (shin bone)

Articular cartilage

Epiphyseal artery
Epiphyseal vein

Epiphyseal line

Metaphyseal artery
Metaphyseal vein

Medullary cavity

Compact bone

Nutrient vein
Nutrient artery

Periosteal artery
Periosteal vein
Periosteum

Nutrient foramen



Initial Bone Formation in an Embryo and Fetus

Intramembranous ossification

Blood capillary Osteocyte in
Flat bone lacuna 4
of skull Ossification .
center Canaliculus
Mesenchyme
Osteoblast

Osteoblast

«

W \1ondible Newly calcified bone
S

extracellular matrix

, Collagen fiber

Calcification: calcium and other mineral
salts are deposited and extracellular matrix
calcifies (hardens).

Development of ossification center:
osteoblasts secrete organic
extracellular matrix.

Mesenchyme Periosteum
condenses

. LS LSy S s sy = Compact bone
Blood vessel tissue
Spongy bone S

pongy bone

trabeculae tissue
Osteoblast

Compact bone
tissue

Formation of trabeculae: extracellular
matrix develops into trabeculae that
fuse to form spongy bone.

o Development of the periosteum:
mesenchyme at the periphery of the
bone develops into the periosteum.



Endochondral
ossification

Proximal Hyaline

epiphysis cartilage
Uncalcified
extracellular

Diaphysis matrix
Calcified
extracellular

Distal matrix

epiphysis

Perichondrium

matrix
_ Periosteum  Calcified
extracellular
matrix
Nutrient Primary Periosteum
artery ossification
center
Spongy ~ Medullary
bone cavity

Uncalcified
extracellular

Nutrient artery
and vein

Secondary
ossification
center

o Development of cartilage
model: mesenchymal cells
develop into chondroblasts,
which form the cartilage
model.

Uncalcified
extracellular
matrix

Growth of
cartilage model:
growth occurs by
cell division of
chondrocytes.

e Development of primary

ossification center: in this region
of the diaphysis, bone tissue has
replaced most of the cartilage.

Articular
cartilage

Spongy bone

Epiphyseal
plate

0 Development of the

medullary (marrow)
cavity: bone breakdown
by osteoclasts forms the
medullary cavity.

Calcified

Uncalcified

e Development of secondary

ossification centers: these
occur in the epiphyses of
the bone.

(© Formation of articular cartilage
and epiphyseal plate: both
structures consist of hyaline
cartilage.

(b) Twelve-week fetus. The red areas
represent bones that are forming
(calcified). Clear areas represent
cartilage (uncalcified).



Human Bone Growth

(a) Radiograph showing the epiphyseal plate
of the femur of a 3-year-old

TR 0 coour

1

PLATE

Tibia

Developing bone
of diaphysis

Zone of calcified
cartilage

Zone of hypertrophic
cartilage

Zone of proliferating
cartilage

Zone of resting
cartilage




Fracture and Repair of Bone

Periosteum

Fracture
hematoma

Bony (hard)

callus
New blood

vessel

Healed
fracture

Spongy bone

Hl_.u"
| Fibrocartilaginous trabeculae

-~ callus (soft)

0 Reactive phase: @ Reparative phase: @ Reparative phase: e Bone remodeling
formation of fibrocartilaginous bony callus phase
fracture hematoma callus formation formation



Steps in repair of a bone fracture

1. Reactive phase: This phase is an early inflammatory phase.

Blood vessels crossing the fracture line are broken.

This mass of blood, called a fracture hematoma usually forms 6 to 8 hours after the injury.

Swelling and inflammation occur in response to dead bone cells.

Phagocytes (neutrophils and macrophages) and osteoclasts begin to remove the dead or damaged tissue
in and around the fracture hematoma.

This stage may last up to several weeks.

2. Reparative phase: The reparative phase is characterized by two events: the formation of a
fibrocartilaginous callus and a bony callus to bridge the gap between the broken ends of the bones.
Fibroblasts from the periosteum invade the fracture site and produce collagen fibers.

In addition, cells from the periosteum develop into chondroblasts and begin to produce fibrocartilage in
this region.

The fibrocartilage is converted to spongy bone, and the callus is then referred to as a bony (hard) callus.
The bony callus lasts about 3 to 4 months.

3. Bone remodeling phase: The final phase of fracture repair is bone remodeling of the callus.

Dead portions of the original fragments of broken bone are gradually resorbed by osteoclasts.



Osteoporosis

Normal bone Bone in osteoporosis Dowager’s hump

In young adults, the density of bone usually remains constant.

Severe bone loss can lead to a condition called osteoporosis. In osteoporosis, bones become brittle and are easily
fractured.



Bone Marrow and Production of Red
Blood Cells




Human Skeleton

The Bones of the Adult Skeletal System

DIVISION OF
THE SKELETON

Axial skeleton

NUMBER

STRUCTURE OF BONES
Skull

Cranium 8

Face 14
Hyoid bone 1
Auditory ossicles (see Figure 17.18) 6
Vertebral column 26
Thorax

Sternum 1

Ribs 24

Number of bones = 80

DIVISION OF
THE SKELETON

Appendicular skeleton

STRUCTURE

Pectoral (shoulder) girdles
Clavicle
Scapula
Upper limbs
Humerus
Ulna
Radius
Carpals
Metacarpals
Phalanges
Pelvic (hip) girdle
Hip, pelvic, or coxal bone
Lower limbs
Femur
Patella
Fibula
Tibia
Tarsals
Metatarsals
Phalanges

Skull

Scapula
Pectoral |:
girdle Clavicle
ke Riby cage —
L
Ulna " L
’ Vertebral
Radius—"" Pelvic girdle 1 calumn
3
F
& {u;, ) c |
NUMBER t ‘I.".x.,'__l‘ arpals
OF BONES 4 . .
. <
Phalanges 2
2
2
. Femur
2
2
16
10
28 { Patella
i -k' 1'
) 1
2 \ :
Tibla ———— |;
2 | 1 The adult human
9 | i skeleton has 206
) Fibula bones. Several major
| hones are identified
2 [ in this skeleton.
14
10 Tarsals ‘_\_‘_41 £ A
28 ol

Number of bones = 126
Total bones in an adult skeleton = 206

Metatarsals _h'"‘---.._‘_‘___‘_‘- ( it
!
I e

Phalanges —_



SKULL

Cranial portion ———— )

L7l \
Facial portion ey
, i g T
Th e S ke | eto n , Con tln Ued :; v:; PECTORAL (SHOULDER) GIRDLE :‘E':
S T Clavicle — 44-‘;':’?;.
} &t/ = ‘\v?‘__'/__’,/ Scapula'\& g\i’; "
Axial Skeleton o o A
. / > > oy
The most complex part of the axial skeleton LI Ribs R
is the skull. The skull is attached to the top I\ Y UPPER LIMB 7 N
. ) ) VERTEBRAL = . Humerus A L
of the spine, or backbone, which is a comy g = ﬁg B 1
flexible, curving column of vertebrae. N ' -
- - =y - FA73
Curving forward from the middle vertebrae N\ - T * :».‘éj
» 2 a _m 4
are 12 pairs of ribs, which form the rib - - A .
cage. | A\ ‘
Appendicular Skeleton WRGcpeS.  iFlnges
. LOWER LIMB
The appendicular skeleton forms the -
appendages, or limbs—the shoulders, Y R Patella A A
arms, hips, and legs.
The shoulder attachment is called the
pectoral girdle. The hip attachment is .
called the pelvic girdle. i
3 4 J 3
i X Tarsals
Metatarsals f; ‘?\
¢ Phalanges

(a) Anterior view

s (W'!

(b) Posterior view

VERTEBRAL
COLUMN

PELVIC
(HIP)
GIRDLE



Cranial Bones—Parietal Bones

FRONTAL BONE

Frontal squama Coronal suture
PARIETAL BONE
Supraorbital notch
Squamous suture

Supraorbital foramen
Supraorbital margin
Optic foramen (canal)

SPHENOID BONE Superior orbital fissure
Orti TEMPORAL BONE
ETHMOID BONE - NASAL BONE
PALATINE BONE y \ SPHENOID BONE

Inferior orbital fissure
LACRIMAL BONE Middle nasal concha
iﬁ;ﬂ;ﬁhcx)hqﬁl Infraorbital foramen
ZYGOMATIC BONE MAXILLA
Perpendicular plate
of ethmoid bone

Alveolar process
INFERIOR NASAL of maxilla
CONCHA
VOMER

Alveolar pi

of mandible
Mental foramen

MANDIBLE

Which of the bones shown here
are cranial bones? Anterior view

Zygomatic arch

Coronal suture

FRONTAL BONE

PARIETAL BONE
SPHENOID BONE
ZYGOMATIC BONE

Temporal squama ETHMOID BONE

LACRIMAL BONE

Squamous suture Lacrimal fossa

TEMPORAL BONE
Zygomatic process
Lambdoid suture

NASAL BONE

Temporal process
Mandibular fossa
— MAXILLA

—— Articular tubercle

Mastoid portion
OCCIPITAL BONE

External occipital
protuberance

External auditory
meatus

Mastoid process

MANDIBLE
Styloid process

Occipital condyle

(a) Right lateral view

Frontal bone

Coronal suture

Sagittal suture

PARIETAL
BONES

Parietal foramina
Lambdoid suture

Sutural bone |

Occipital bone

(b) Superior view



POSTERIOR ANTERIOR

Cervical curve (formed by 7
cervical vertebrae)

thoracic vertebrae)

Lumbar curve (formed by 5
lumbar vertebrae)

Intervertebral
foramen

-
W -
Sacrum ———
4 # Sacral curve (formed by
5 J 5 fused sacral vertebrae)

Coccyx A

(b) Right lateral view showing
four normal curves

T | Thoracic curve (formed by 12
8

3
Intervertebra| ——m——=—= |

disc

PN — Cervical

>
- -
o

S

=

—

g
.

(a) Anterior view showing regions
of the vertebral column

vertebrae (7)

—— Thoracic

vertebrae (12)

Lumbar
vertebrae (5)

Sacrum (1)

Coccyx (1)



Atlas (C1) SUPERIOR

Dens of axis
Axis (C2)
Typical Groove for vertebral
cervical artery and first cervical
vertebra nerve
POSTERIOR ANTERIOR

C7
(vertebra
prominens)

INFERIOR



Atlas (C1)

Axis (C2)

Typical
cervical
vertebra

ANTERIOR POSTERIO ANTERIOR POSTERIOR

POSTERIOR

Location of
Location of Location of sacrum
Location of cervical vertebrae thoracic vertebrae lumbar vertebrae and coccyx



Sternum —
Ribs Ry

SUPERIOR
Suprasternal —____

notch i ik
w”.,
¥ i ‘J’ 4

Manubrium

notch

Sternal
angle

Body

Xiphoid
process

INFERIOR

(a) Anterior view of sternum

Clavicular

SUPERIOR

Clavicle
Suprasternal Clavicular
notch notch
Scapula
STERNUM: il
Manubrium aRg'e
Body
Xiphoid Costal
process

cartilage

Intercostal
space

INFERIOR

(b) Anterior view of skeleton of thorax



Pectoral girdle:
Clavicle

Scapula

Sternoclavicular
CLAVICLE joint

v"?"

,_

Sternum
Acromioclavicular
joint

Glenohumeral

joint

SCAPULA

Rib

Humerus

(a) Anterior view of pectoral girdle

CLAVICLE

SCAPULA

Rib

Humerus

Vertebrae

(b) Posterior view of pectoral girdle



Humerus

ANATOMICAL NECK

GREATER \ - ,. > - :
TUBERCLE\,:'-' ) e\ < | GREATER
' ; > \

LESSER 3 TUBERCLE
TUBERCLE Z \ HEAD ANATOMICAL
INTERTUBERCULAR ' SURGICAL NECK
SULCUS (GROOVE) NECK
Scapula
HUMERUS
RADIAL
DELTOID GROOVE
TUBEROSITY
BODY
/ (SHAFT)

RADIAL

FOSSA CORONOID FOSSA OLECRANON FOSSA
LATERAL —__ >

EPICONDYLE| EPIGONE

EPICONDYLE
Olecranon

CAPITULUM MEDIAL EPICONDYLE

TROCHLEA
Head — ©

Coronoid process

Radius Radius

Ulna

(a) Anterior view (b) Posterior view



Humerus
Radius
Ulna /
/ Olecranon
Radial fossa - Coronold foess fossaC 5
Capitulum - Trochlea OLECGRANON
—= CORONOID PROCESS HEAD OF
HEAD OF RADIUS L RADIUS
NEGKOF RADIUS ™ S ULNAR TUBEROSITY \ NECK OF
4 RADIUS
RADIAL TUBEROSITY
RADIUS
ULNA
Interosseous
membrane
HEAD OF ULNA
STYLOID
PROCESS
STYLOID PROCESS OF ULNA STYLOID
OF RADIUS c | PROCESS
arpals OF RADIUS
MEDIAL ‘ ; LATERAL

LATERAL ‘?

73

(a) Anterior view (b) Posterior view



Hip Y

b ¢ :
one “u‘. j' | Sacroiliac
L ! ' . . - . ] | o jOlnt
a\ " \\ - Sacral

Sacrum Y L f 5 1 promontory
Pelvic brim
Acetabulum

Coccyx

Pubic _ Obturator

symphysis foramen

Anterosuperior view of pelvic girdle



GREATER
TROCHANTER

GREATER
TROCHANTER

3 = /7
INTERTROCHANTERIC \d
LINE CREST ‘ GLUTEAL
Lo TUBEROSITY
LESSER TROCHANTER

FEMUR
LINEA ASPERA
BODY
(SHAFT)
ADDUCTOR TUBERCLE LATERAL
LATERAL ——— MEDIAL EPICONDYLE — ERICONDYLE
EPICONDYLE | ™ { INTERCONDYLAR
LATERAL FOSBA
CONDYLE LATERAL
Patella CONDYLE
Fibula Fibula

Tibia

(a) Anterior view (b) Posterior view



Tibia ——
Fibula ——

\ Femur
o

INTERCONDYLAR
EMINENCE

2 -
d
e

Patella ———————

LATERAL
LATERAL ———
CONDYLE \ MEDIAL CONDYLE CONDYLE
N HEAD
; HEAD ‘? \ TIBIAL TUBEROSITY
}# 7 ()
) il
{ '
f = Interosseous membrane
g , FIBULA
& |
ANTERIOR BORDER (CREST) . b
MNEMONIC for location of tibia and fibula:
The fibuLA is LAteral.
MEDIAL MALLEOLUS \/
LATERAL
MALLEOLUS Talus LATERAL
Chlcanaiis MALLEOLUS

(a) Anterior view

(b) Posterior view



Superior view

Tarsals
Metatarsals
Phalanges
T LATERAL POSTERIOR MEDIAL POSTERIOR LATERAL
Inferior view T
TARSALS:
TARSALS: CALCANEUS
CALCANEUS
TARSALS:
TALUS
NAVICULAR
CUBOID
CuUBOID THIRD (LATERAL)
CUNEIFORM
SECOND
BRse (INTERMEDIATE)
CUNEIFORM
FIRST (MEDIAL)
Shaft CUNEIFORM
METATARSALS:
A & Sesamoid
Head ——— 14 bones
PHALANGES:
Proximal

Middle
Distal

Great toe
(hallux)

(a) Superior view (b) Inferior view



Synovial Joints
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Swivel Joint

Saddle Joint

BaII-aﬁg-

Socket Joint
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Hinge Joint

Plane Joint

Joints

A joint is a place where two bones meet.
Pads of cartilage cushion the ends of the
bones of a joint, enabling the joint to
withstand great pressure and stress.

The bones of a joint are held together by

strong bands of connective tissue called
ligaments.



Joints, continued

Three Main Types of Joints

Immovable joints permit little or no movement of the bones they join (ex.
cranial bones).

Slightly movable joints permit limited movement of the bones they join (ex.
rib cage).

Freely movable joints (ex. knee) permit movement. The direction of bone
movement is determined by the structure of the joint.



The Human Knee

Muscle Tendon
Cartilage Patella
(kneecap)
Ligaments
Fibula Tibia
(bone) (bone)




Joints, continued

Disorders of Joints

When a disease afflicts the bones, connective tissue, or lubricating tissues in a
freely movable joint, the joint’s ability to move may be impaired.

Rheumatoid arthritis is a painful inflammation of freely movable joints.
Osteoarthritis is a disorder that causes the degeneration of cartilage that
covers the surfaces of bones.



