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It was a surfer’s dream: sunny, calm air,

with perfect sets. . . . The waves were

coming in fairly quickly, each set seeming to

build on the last. Kainoa paddled furiously to

catch the largest wave. The wave lifted the

back of the board, and he was on. Up he

popped, standing as his board skimmed

along the wave face. As he inched up to walk

the nose, the tip grabbed the wave, pearling

into the depths. His board went down, then

abruptly upward, and he tumbled into the

angry water. Turning and rolling in the wave,

Kainoa felt a stabbing pain in his right

shoulder. As he struggled to the surface, the

pain shot down his right arm and he couldn’t

move his arm. Reaching the surface, Kainoa

turned to face the next wave just as another

surfer came barreling through. His board

caught Kainoa square in the face, cracking his

chin and right cheek. At the hospital, doctors

delivered the bad news: Kainoa had broken

his clavicle, most likely when his

board jumped from the wave and

hit him. The second board’s

impact fractured his zygomatic

bone and compressed his

temporomandibular joint (the

joint between his jaw and skull).

Both injuries made movement

extremely painful. What was the

source of the pain? How would

these injuries be treated? How

could he speed the healing

process?
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■ The Skeletal System is a Dynamic
Living System p. 000

■ Ossification forms bone and
remodeling continues to shape it
p. 000

■ The Axial Skeleton Is the Center 
of Things p. 000

■ Your limbs comprise your
Appendicular Skeleton p. 000

■ Joints Link the Skeletal System
Together p. 000
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The Skeletal System is a Dynamic 
Living System

LEARNING OBJECTIVES

List the functions of the skeletal system.

Define the divisions of the skeletal system.

hances are, when you think about your
bones, you envision a rigid, unchanging
support, something like a scaffold. True,
the bones are rigid, but they are not just

a simple, rigid framework. The skeletal system, like your
other body systems, is a dynamic, living entity, with
many essential functions (Figure 5.2). Although

C

Classify the bones in the human body by structure.

VERTEBRAL 
COLUMN

PELVIC 
(HIP) 
GIRDLE

Cranial portion

SKULL

PECTORAL (SHOULDER) GIRDLE

THORAX

Facial portion

Clavicle

Sternum

Scapula

Ribs

UPPER LIMB 
(EXTREMITY)

Humerus

Ulna

Radius

Carpals

Metacarpals Phalanges

LOWER LIMB (EXTREMITY)

Femur

Patella

Tibia

Fibula

VERTEBRAL 
COLUMN

PELVIC 
(HIP) 
GIRDLE

Posterior viewAnterior view

Phalanges
Metatarsals
Tarsals

A B

The skeleton Figure 5.2

The bones of the skull and thorax make up the axial skeleton. 

The arms, hands, legs, and feet, along with the bones that secure 

these limbs to the body, make up the appendicular skeleton.

AU/ED:
need new
callout for
fig. 5.1
since this
now refers
to fig. 5.2

MRI of female body in frontal section
Figure 5.1

Because bones are denser than surrounding body tissue, the

skeleton is relatively easy to visualize using X-rays or MRI. This

is an MRI of a female in frontal section, clearly showing many of

her 206 bones.

support is the most obvious function, the skeletal sys-
tem also anchors the skeletal muscles, protects soft tis-
sues and organs, produces blood cells (a process called
hematopoiesis), stores and releases minerals such as
calcium and phosphorus, and moves gracefully cour-
tesy of the many joints. Bones look stable and static, but
they change through life. The entire calcium content
of your femur (the large thigh bone) is replaced every
five to seven years in a sedentary person—and more of-
ten among the physically active.

Two hundred and six named bones comprise
the skeleton that underlies the adult human form. This
number varies a bit from person to person because
small bones can exist within some tendons. The skele-
ton is divided into the axial skeleton (the central axis of
the body) and the appendicular skeleton (the ap-
pendages (arms, legs, hands and feet) and girdles hold-
ing them to the central axis).p0092c

missing
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PARIETAL
BONES

Wormian
bones

Lambdoid
suture

Foramen
magnum

Sagittal
suture

OCCIPITAL
BONE

TEMPORAL
BONE

VOMER

Posterior view

MANDIBLE

CONCEPT CHECK

How does the skeleton help maintain
homeostasis? In other words, what
are the functions of the skeletal
system?

What is the difference between the
axial and the appendicular
skeletal system?

Which types of bone
can be found in the
arm and hand? Where
would you look for an
irregular bone?

In the body, “form follows function,” and this
is nowhere more true than in the skeletal system 
(Figure 5.3). Every bone in our body is designed to
perform a specific task. For example, the long bone
known as the femur must be strong and have a slight

anterior curve to bear the weight of the upper torso.
The bones of the skull must curve into a “bowl” that
houses and protects the brain. Later we’ll look at the
knee and shoulder—two supreme examples of form fol-
lowing function.

Bones are composed of compact or spongy min-
eralized tissue that is structured for maximum strength
and minimum weight. If you have ever broken a bone,

you learned that the tissue has a blood supply and ner-
vous connections—factors that help to explain the large,
painful bruise that develops when most bones break.

A B

C

D

E

F

Classification of bone Figure 5.3

We classify the bones according to shape. A Long bones are longer than they are wide; B short bones like those of the wrist

are akin to small cubes; C flat bones are very thin in one dimension; D irregular bones have odd shapes; E sesamoid bones

(notably the kneecap) form inside tendons; F Wormian bones are embedded in the sutures between the main skull bones.
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Ossification Forms Bone, and Remodeling
Continues to Shape It

ones are a form of connective tissue
produced by immature bone cells
called osteoblasts. Ossification—bone
formation—can be endochondral

(Figure 5.4) or intramembranous. Most of your

LEARNING OBJECTIVES

Differentiate compact from spongy bone.

Identify the parts to a typical long bone.

Describe the formation of a typical long bone and a flat bone.

bones are “endochondral,” meaning that they were
formed within cartilage.

This process is animated at http://www.
wiley.com/college/ireland. Click “Chapter 5 anima-
tions,” then “bone formation.”

B

Articular cartilage

Spongy bone

Epiphyseal plate

Secondary
ossification
center

Nutrient
artery and vein

Uncalcified 
matrix

Epiphyseal
artery and
vein

5 6 Formation of articular cartilage
and epiphyseal plate

Development of secondary
ossification center

Hyaline
cartilage

Uncalcified 
matrix

Primary
ossification
center

Calcified 
matrix

Periosteum

Uncalcified 
matrix

Calcified 
matrix

Medullary 
(marrow) cavity

Nutrient 
artery and vein

Nutrient 
artery

1 2 3

Perichondrium

Proximal
epiphysis

Distal
epiphysis

Diaphysis

Development of
cartilage model

Development of
primary ossification
center

4 Development of
the medullary
(marrow) cavity

Growth of
cartilage model

Periosteum

Spongy
bone

●1 In endochondral ossification, a hyaline cartilage model of

each bone forms in the embryo. ●2 The hyaline cartilage

model expands into the space the final bone will o occupy. 

●3 A blood vessel invades the central portion of the model,

stimulating osteoblasts to begin producing bone. ●4 The

marrow cavity forms. 

www.wiley.com/
college/ireland

Not only do long
bones grow longer, they also
grow thicker. This so-called ap-
positional growth occurs at
the outer surface of the bone.
The innermost cellular layer
of the periosteum, the mem-
brane that covers the bone,
differentiates into osteoblasts
and begins to add matrix to
the exterior. Accumulating
matrix entraps these osteo-
blasts, which mature into

osteocytes, creating new bone tissue around the exte-
rior of the bone.

Intramembranous os-
sification (Figure 5.5)
forms the flat bones of the
skull, clavicle, and mandible.
Again, the name suggests how
the process occurs. Bone is
laid down within embryonic connective tissue, sur-
rounded by the developing periosteum. These bones
form deep in the dermis of the skin and thus are often
called dermal bones. Dermal bones may also form in
the connective tissues of joints, in the kidneys, or in
skeletal muscles when subjected to excessive stress
(bones that form outside the usual areas are called het-
erotopic bones).

Explain the steps in bone remodeling and repair.

Discuss, briefly, how different lifestyles affect the appearance of the

skeletal system.

Osteoblasts Im-

mature bone cells

not yet surrounded

by bony matrix.

Endochondral
Within cartilage.

Osteocytes
Mature bone cells

surrounded by

bone matrix.

Intramembranous
Between

membranes.

●5 After birth, a second blood vessel invades both ends of the

developing bone, again stimulating osteoblast activity. ●6 The

epiphyses (long bone ends) are ossified, leaving a central area

of cartilage called the epiphyseal plate, which continues

growing through adolescence.

At maturity, the epiphyseal plate closes as the ossification

rate exceeds cartilage growth, and the bone’s length is

essentially static.
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Composition of bone Figure 5.6

Note the similar appearance of the osteocytes in both types of bone, despite the different patterns of matrix deposition.

BONY TISSUE COMES IN TWO FORMS

Bone structure may be compact (dense) or spongy.
Compact bone material usually occurs at the edges of
the bone and is composed of many individual Haver-

sian systems (Figure 5.6). These are concentric
rings of matrix laid by osteocytes and formed surround-
ing a central canal. One complete Haversian system is
called an osteon. Despite its strength and inflexible
structure, bone is living tissue, and as such the cells

A

B

C

Osteocyte

Blood vessels

Concentric lamellae

Lymphatic vessel

Canaliculi

Medullary
cavity

Periosteum

Spongy 
bone

Compact 
bone

Spongy bone

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

Lacuna

Trabeculae

Medullary cavity

Osteon

Compact bone

Central canal

Perforating canal

Osteogenic cell 
(develops into an 
osteoblast)

Osteoblast 
(forms bone 
extracellular  
matrix)

Osteocyte 
(maintains 
bone tissue)

Osteoclast 
(functions in resorption, the 
breakdown of bone matrix)

Types of cells in bone tissue

Periosteum

Concentric
lamellae

Lacuna

Central 
(haversian) 
canal

Canaliculi

Sectional view of an osteon (haversian system)
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Intramembranous ossification Figure 5.5
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Blood capillary

Ossification center

Mesenchymal cell

Osteoblast

Collagen fiber

Osteocyte in lacuna

Canaliculus

Osteoblast

Newly calcified bone 
matrix

Mesenchyme 
condenses

Blood vessel

Spongy bone
trabeculae

Osteoblast

Periosteum

Spongy bone tissue

Compact bone tissue

Development of ossification center

Calcification Formation of trabeculae 

Development of the periosteum

1

2 3

4

Mandible

Flat bone 
of skull

Intramembranous ossification follows these steps:

●1 Embryonic cells come together and begin to secrete

organic material called osteoid. This matrix becomes

mineralized by the enzyme alkaline phosphatase. 

The embryonic cells trapped in the matrix transform 

into osteoblasts.

●2 These new osteoblasts form an ossification center, from

which the developing bone grows outward in small

spicules. Osteoblasts trapped in the newly formed bone

mature into osteocytes, as discussed above.

●3 Blood vessels grow into the area to provide nutrients

and oxygen to the developing bone and osteocytes.

●4 Eventually ossification slows, and the connective tissue

surrounding the new bone becomes organized into 

the periosteum.
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128 CHAPTER 5 The Skeletal System Ossification Forms Bone, and Remodeling Continues to Shape It      129

within the bone must receive a constant nutrient supply
and be able to dispose of wastes. They require a blood
supply just like all other living cells. The central canal
of the osteon houses the blood and nerve supply for
the bone tissue. Individual cells lie within small holes in
the matrix called lacunae. Because tissue cells must con-
tact one another, bone cells communicate via small
canals cut into the matrix. These canals, or canaliculi,
allow fluid carrying vital nutrients and signaling chemi-
cals to pass between cells. Osteons communicate via
larger Volkmann’s canals that run perpendicular to the
long axis of the Haversian systems and connect one cen-
tral canal with the next.

In a typical bone, dense compact bone sur-
rounds the organ and spongy bone comprises the inner
support. Spongy bone is less organized than compact
bone and lacks Haversian systems. Instead, spongy bone
has trabeculae, or struts, that form in response to stress.
These struts are composed of osteocytes surrounded by
matrix similar to the osteon of compact bone. Instead
of being laid in concentric rings, the matrix looks like
short, interconnecting support rods.

Both forms of bone are held inside a protective
covering called the periosteum that provides a constant
supply of fresh osteoblasts to lay new matrix. As os-
teoblasts produce bony matrix, they mature into osteo-
cytes. Mature osteocytes are caught in the calcified matrix
they secrete and rest in the lacunae described earlier.

The shaft of a long bone, or diaphysis, is com-
posed of dense bone surrounding a central canal (Fig-

ure 5.7) (In flat bones, as in the skull or sternum, a
layer of spongy bone is sandwiched between two thin
layers of compact bone.) The central canal of the long
bone houses the marrow; red marrow is where blood
cells are formed and energy is stored in yellow marrow.
The ends of the bones, or epiphyses, include the epi-
physeal plate, an area of cartilage where long bones
continue to grow during childhood and adolescence.
When bones cease growing, this cartilage is replaced by
bone, leaving the epiphyseal line. Wherever two bones
meet, you will find a layer of hyaline cartilage. This ar-
ticulating cartilage prevents bone from grinding against
bone at the joints. Surrounding all of your bones is the
periosteum. This layer houses the nerve and blood sup-
ply for the bone, as well as the stem cells (osteoblasts)
that repair and remodel bone.

Partially sectioned humerus (arm bone)

Proximal 
epiphysis

Metaphysis

Diaphysis

Metaphysis

Distal
epiphysis

Articular cartilage

Epiphyseal line

Spongy  bone

Red bone marrow 

Endosteum

Compact bone

Periosteum

Medullary cavity 

Articular cartilage

Nutrient artery 

Long bone with parts identified Figure 5.7

BONE CONSTANTLY UNDERGOES
REMODELING AND REPAIR

Bones are dynamic structures, constantly being remod-
eled and perfected to suit the needs of the body, and
continuously making subtle changes in shape and den-
sity to accommodate your lifestyle. Although long
bones cease growing in length at maturity, they do
change shape throughout life. The calcium within each
bone is being removed and new calcium is added in re-
sponse to blood calcium levels and the amount of stress
placed on the bones.

Remodeling of existing bone occurs via a differ-
ent process than original ossification because it takes
advantage of the interplay between osteoclasts and os-
teoblasts. Osteoclasts are large cells that adhere to the
surface of bony tissue and release digestive enzymes.
The end result of these cells is the breakdown of the
bony matrix and the addition of calcium and other
minerals to the blood stream. Osteoblasts build the
mineral structure back up, pulling calcium and miner-
als from the blood stream. The osteoblasts first secrete
an organic matrix called osteoid. They then cause an
increase in local calcium concentration around the os-
teoid, converting the osteoid to bone. This process
takes upwards of three months to complete. As usual,
rebuilding takes much longer than destruction, but the
overall outcome of osteoclasts and osteoblasts activity is
a cyclic process that tears down and rebuilds the bony
matrix.

The bones are a storehouse for calcium needed
in physiological processes such as nerve impulse trans-
mission and muscle contraction. When the blood cal-

cium level drops, osteoclasts go to work to release
stored calcium to the blood. Conversely, when the
blood calcium level rises, the osteoblasts create new ma-
trix, removing excess calcium from the blood.

When you begin a new exercise regime, you
may be thinking about the muscular or cardiovascular
benefits, but athletic stress can also remodel your
bones. Extra support is added where muscles exert a
stronger pull, so skeletal strength matches muscular de-
velopment. High-impact exercises are particularly good
at stressing the skeleton to activate osteoblasts to in-
crease bone density. Removing skeletal stress by reduc-
ing activity reduces osteoblast stimulation and thus re-
duces bone density.

When a bone breaks, the repair process is some-
thing like a drastic version of the remodeling process,
as you can see in the Health, Wellness, and Disease box.

For bone to heal, the ends of the fracture must
be aligned and immobilized. When alignment is possi-
ble without disturbing the skin, the process is called
“closed reduction.” In “open reduction,” the skin must
be cut, and often metal screws, plates, or pins are used
to fix the bones in place. Open reduction is more likely
to be needed in “compound fractures,” which have
more than one break and often include a tear or open-
ing in the skin with the original injury. After either type
of reduction, a cast, splint, or other external parapher-
nalia is generally needed to immobilize the fracture.

Still, complete immobilization may not be ideal
for healing bone. Limited movement, stress, or partial
weight-bearing activities can actually help the bones
grow, because those stresses put on the bone matrix
stimulate bone deposition.
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The Axial Skeleton is the Center of Things

Right lateral view

External auditory 
meatus

OCCIPITAL BONE

Lambdoid suture

TEMPORAL BONE

Squamous suture

Foramen magnum

PARIETAL BONE

Coronal suture SPHENOID BONE

FRONTAL BONE

ZYGOMATIC BONE

ETHMOID BONE

LACRIMAL BONE

NASAL BONE

MAXILLA

MANDIBLE

HYOID BONE

LEARNING OBJECTIVES

List the major bones of the axial division of

the skeletal system.

he axial skeleton includes the 8 cranial
and 14 facial bones as well as the hyoid
bone, ribs, and vertebrae.

PURE PROTECTION: 
BONES OF THE FACE AND SKULL

Cranial bones, collectively known as the skull, surround
and protect the brain (Figure 5.8). Of these, the

parietal and temporal bones are paired, whereas the
frontal bone, occipital bone, ethmoid, and sphenoid
are single bones. All eight cranial bones are held to-
gether by fixed joints called sutures.

The frontal bone at the forehead protects the
frontal lobe of the brain. The frontal bone originates as
two frontal bones that start fusing in early development.
This fusion continues so that by age 8 or so, the suture is
difficult to locate. The frontal bone can be the source of
misery: when the lining of the large sinuses in the frontal

T

Explain one fact about how each bone relates to the anatomy

or physiology of the area.

Skull Figure 5.8

H
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, W
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ess, an
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isease

Healing broken bones 

Broken bones are pretty common, especially among active

children and young adults. How does a broken bone heal?

Typically, broken bones are held fixed in position until the

healing process can be completed. Healing involves the for-

mation of a fracture hematoma around the break, bringing

in blood and nutrients to begin repairs. The fractured area

slowly fills with spongy bone, creating a large, bony callus.

The callus will remain part of the bone for a long period as it

is slowly remodeled to return to normal size.

Bone repair occurs in four stages:

1. Fracture hematoma forms. Blood leaks from broken

vessels near the fracture, and a clot forms within a few

hours of the break. Dead blood cells accumulate, and

other blood cells start to remove them.

2. Fibrocartilaginous callus forms. Actual repair begins as

fibroblasts are produced by the periosteum and start

making collagen fibers. Chondroblasts, also derived

from the periosteum, start to make fibrocartilage.

Within about three weeks of the injury, a fibrocartilagi-

Open fracture Comminuted fracture

Humerus

Humerus
Radius

Ulna

A B

CONCEPT CHECK

Describe the formation
of the femur. How does
this differ from the
formation of the
sternum?

List the cellular steps
that occur during
appositional growth.
Which cells are active?

Define an osteon and
its relationship to
compact bone.

Explain the functions
of the periosteum.

What does inactivity do
to the skeletal system?

nous callus forms from these two

types of connective tissue.

3. Bony callus forms. Osteoblasts

start to produce spongy bone tis-

sue at the ends of the broken

bone, beginning in areas with

healthy bone and good vasculariza-

tion. Fibrocartilage also converts

into spongy bone tissue.

4. Bone remodels. Osteoclasts gradu-

ally resorb dead bone tissue from

the damage site. Spongy bone is

converted into compact bone. The

healed bone is often thicker and

stronger than the original bone.

The callus remains as a visible

thickened bump on the bone for

many years after the break is

healed.

Fracture
hematoma
A bruise that devel-

ops over the site of

a fractured bone.

Chondroblasts
Immature cartilage

cells, not yet com-

pletely surrounded

by the cartilage

matrix.

Fibrocartilage
Cartilage with

strengthening

fibers in the matrix.
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bone becomes inflamed, you
get a sinus headache.

The parietal bones
protect the upper sides of the
head, whereas the temporal
bones protect the middle sides
of the head and support the
ears. This bone underlies the
area commonly referred to as
the temples. The lower jaw
(mandible) articulates with
the temporal bones. The

mandible is the only bone of the skull that is NOT fused
to the rest. The auditory ossicles (bones used for hear-
ing) are found within the temporal bone; these 6 bones
are the smallest of the 206 in the human body.

The entire back of the
skull is a single bone, called
the occipital bone. An opening
in this bone, called the fora-
men magnum (big hole), al-
lows the spinal cord to extend
from its protective cranium
into the vertebral foramen.

Two cranial bones comprise the floor of the
brain bucket, or cranial cavity. The ethmoid forms the
floor of the front portion of the cranial cavity. It articu-
lates with the frontal bone and a few bones of the face.
The cribriform plate lies in the ethmoid. This unique
sieve-like structure allows olfactory nerves to extend
from the olfactory bulb of the brain into the mucus
membrane of the nasal passageway.

The final bone of the
cranium, the sphenoid, articu-
lates with all other cranial
bones. The sphenoid provides
the base for the cranium, sup-
porting the brain. It is shaped
somewhat like a bat, and in-
cludes the sella turcica, which
completely encases the pitu-
itary gland.

The 14 facial bones support the distinctive fa-
cial features we so closely associate with our identity.
Anatomically, the facial bones protect the entrances to
the respiratory and digestive systems, and the sensory
organs (Figure 5.9).

Two facial bones are single, and 12 occur in
pairs. The paired maxillae and palatine bones make up
the front (maxillae) and roof of the mouth (the pala-
tine bones). When these bones do not form properly, a
cleft palate may result (Figure 5.10).

The small, thin paired nasal bones form the
bridge of the nose. In a self-defense course, you may
have learned that it is possible to shove these bones up
into the brain, through the cribriform plate of the eth-
moid bone, by pounding upward on an attacker’s
nose—not recommended unless your life is in danger!

On either side of the nose are the small paired
lacrimal bones. The root of this word, lacrima, means
tears. A small passage in these bones allows the tears to
collect and pass through the skull into the nasal cavity.

Your cheekbones are one of the most memo-
rable facial features, since they create the relief and
depth of your face. These bones, the paired zygomatic
bones, stick outward and help protect the eyes. A blow
to this bone can cause a black eye.

Within the nasal cavity lies the final pair of fa-
cial bones, the inferior nasal conchae (a conch is a snail
with a helical shell). These bones form the swirling sur-
face of the nasal cavity, helping to warm and moisten
the air we inhale.

The mandible is the only bone of the skull at-
tached by a movable joint. The
mandible articulates with the
mandibular fossae of the tem-
poral bone at the temporo-
mandibular joint (TMJ). Two

Parietal
Walls, as in the walls

of the cranial 

cavity.

Articulates
Joins; an articula-

tion is a joint 

holding two bones

together.

Cribiform plate
A fragile, porous

area of the ethmoid

bone at the supe-

rior portion of the

nasal cavity.

INFERIOR NASAL 
CONCHA 

VOMER

LACRIMAL BONE
ETHMOID BONE

Orbit

SPHENOID BONE

Squamous suture

PARIETAL BONE

FRONTAL BONE

Sagittal suture

Coronal suture

TEMPORAL BONE

NASAL BONE

Middle nasal concha

ZYGOMATIC BONE

MAXILLA

Anterior view

MANDIBLE

Facial bones Figure 5.9

Cleft palate Figure 5.10

A cleft palate results if the maxillae and palatine bones do

not completely fuse during development.

mental foramina, small holes in the front of the
mandible, connect with the mandibular canal, which
provides passage for the blood vessels and nerves that
supply the lower teeth. You may already be familiar with
this canal, because it is the structure dentists seek when
anesthetizing the sensory nerves of the lower teeth.

The single hyoid bone, which lies below the
tongue, is the only bone of the skeleton that is not di-
rectly attached to any other bony structure. The hyoid
bone is instead suspended by the throat muscles. This
bone is of forensic interest because it can reveal death
by strangulation; it is crushed only by pressure applied
to the throat.

The vomer is the bony separation between
nasal passages. A deviated septum, or broken nose, oc-
curs when the cartilage that this bone supports shifts
from its central location to block one passageway. Most
deviated septa are caused by a blow to the soft tissues
of the nose, as may occur during a boxing match.
Surgery is required to reposition the cartilage, alleviat-
ing the breathing difficulty caused by the misaligned
cartilage.

Fossa
A pit, groove, or

depression.

Sella turcica (lit-

erally “Turk’s sad-

dle”) An oddly

shaped depression

in the sphenoid

bone that holds the

pituitary gland
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The bony orbital complex (Figure 5.11) of
the eye is composed of seven bones, three cranial and
four facial bones, which together provide the bony sup-
port for the eye. These bones house the eye and pro-
vide attachment sites for the muscles that move the eye.
The orbital opening is much larger than the eyeball.
The excess space is filled with fat, protecting and
cushioning the eye. When you run or otherwise jar
your body, the eye literally bounces around in this pro-
tective fat!

The nasal complex (Figure 5.12) includes
bones that encase the nasal cavities and the paranasal

sinuses. These sinuses are air-filled chambers con-
nected to the nasal cavity, lined with a membrane con-
tinuous with that of the nasal cavity. The purpose of
this membrane is to warm, moisten, and filter the air
we breathe. Small irritants will cause the membrane to
produce excess mucus to wash the irritants away. Pep-
per is a fine example of this response. The sneeze is an
attempt to literally blow the offending particles from
the nasal cavity. If that fails, the membrane will secrete
copious amounts of mucus. A bacterial infection, on
the other hand, causes the membrane itself to swell. If
the membrane of the nasal cavity becomes infected,

Vomer

Perpendicular plate 
of ethmoid bone

Nasal septum:

Sphenoid
bone

Septal cartilage

Horizontal plate
of palatine bone

Crista 
galli

Nasal bone

Sagittal section

Nasal cartilage

Frontal bone

Palatine process
of maxilla

View

Sagittal
plane

Nasal complex Figure 5.12

VERTEBRAE, RIBS, AND STERNUM
FORM THE BALANCE 
OF THE AXIAL SKELETON

The remainder of the axial skeleton is composed of the
vertebrae (Figure 5.13), ribs, and sternum. These
bones allow upright posture and protect vital organs of
the thoracic cavity.

Vertebrae Figure 5.13

The parts to a vertebra include the vertebral body, the spinous process (the bumps that run down the middle of your back), the

articulating surfaces that connect one vertebra to the next in your spinal column, and the vertebral foramen where the spinal cord

lies. Cervical vertebrae are thinner and more delicate than the rest of the vertebrae. Thoracic vertebrae each articulate with a rib.

Lumbar vertebrae have heavy bodes capable of supporting the weight of the torso.

FRONTAL BONE

SPHENOID BONE

PALATINE BONE

ZYGOMATIC BONE

NASAL BONE

LACRIMAL BONE

ETHMOID BONE

MAXILLA

Anterior view showing the bones of the right orbit
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the swelling can extend into the paranasal sinuses, clos-
ing the drainage opening of the nasal cavity. Pressure
builds in the sealed cavity, causing pain and inducing
us to run to the nearest drug store for some pharma-
ceutical help. Antihistamines such as pseu-
doephedrine, diphenhydramine chloride, and chlor-
pheniramine can all reduce swelling in these mucus
membranes.
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There are 24 vertebrae, one sacrum, and three
to five coccyx bones in the adult vertebral column. A
typical vertebra is composed of three parts: the verte-
bral body, the vertebral arch, and the vertebral articu-
lar processes. The articular processes are points of at-
tachment between adjacent vertebra and also sites for
muscle attachment. The column is divided into the cer-
vical region (vertebrae C1–C7), the thoracic region
(T1–T12), and the lumbar region (L1–L5). Moving
down the column, the bodies of the vertebra grow
larger, because they must support more weight. Be-
tween each vertebra is a pad of fibrocartilage called the
intervertebral disc. The disc serves as a shock absorber,
preventing vertebrae from rubbing against one another
and crushing under the body’s weight. These discs also
allow limited motion between vertebrae.

The sacrum is actually five fused vertebrae that
form a solid base for the pelvic girdle, with openings
along their length for the exit of sacral nerves. The tail-

bone, or coccyx, is our post-anal
tail. (As mammals, we must
have a tail, although it is hardly
obvious!) Our tail is made of
three to five small bones that ex-
tend off the sacrum, complet-

ing the inner curve of the pelvis. In females, these bones
are tilted further outward than in males, so they do not in-
terfere during childbirth. Even so, some infants break
their mother’s coccyx during childbirth.

Osteoporosis, a disease that causes progressive
bone weakening, often attacks the axial skeleton. The
disease results from an imbalance in bone homeosta-
sis, making fragile bones that have less ability to sup-
port weight, and a higher chance of fracture. Painful
vertebral fractures can cause a “dowager’s hump” that
can reduce height by several inches. Read the Ethics
and Issues box on page 137 for more information on
this disease.

Ribs attach to the thoracic vertebrae to form a
structure sometimes referred to as the thoracic cage
(Figure 5.14). We have seven pairs of true ribs and
five pairs of false ribs. The true ribs attach directly to
the sternum or make a direct connection with the
costal (rib) cartilage, which in turn is directly associ-
ated with the sternum. False ribs either attach to the
costal cartilage (ribs 8, 9, and 10), which then joins the
sternum, or their lateral ends are free (sometimes
called floating ribs 11 and 12). Despite what you may
have heard, males and females have the same number
of ribs.
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How to Confront the Osteoporosis Crisis

Although we tend to think of bones as solid and unchang-

ing, the disease called osteoporosis proves otherwise. Bone

normally exists in a state of balance, with the calcium-rich

extracellular matrix being built up by osteoblasts and torn

down by osteoclasts. Osteoporosis is a thinning of the bone

structure caused by an imbalance between the processes of

bone deposition and resorption.

Osteoporosis increases the risk for fractures in the hip,

back, and wrists. Advanced osteoporosis can cause kypho-

sis (a hump back), severe pain, and shortened stature as the

long bones and especially vertebrae are crushed under the

body’s weight.

Osteoporosis causes an estimated 1.5 million fractures

a year in the United States, and the number is predicted to

grow along with the number of older people in the popula-

tion. Hip fractures, largely due to osteoporosis, are a major

cause of death, disability, and loss of independence among

the elderly. Within a year of a hip fracture, one-third of these

patients spend time in a nursing home. Discovering how to

slow, prevent, or even reverse this bone thinning ought to

be a top priority.

According to a recent scientific report, low bone den-

sity (an early sign of possible osteoporosis) affects 30 mil-

lion women and 14 million men above age 50 in the United

States alone. The risk is higher among aging women owing

to the hormonal changes of menopause. Estrogen and

testosterone both stimulate osteoblasts, but testosterone

remains higher in aging men than estrogen does in aging

women. Additionally, women also live longer on average,

giving their bones more years to thin.

Other risk factors for osteoporosis are:

• Asian or European ancestry

• Light stature (“small-boned”)

• Smoking cigarettes

• Inactivity

• Lacking calcium and vitamin D in the diet

• Drinking caffeinated beverages, which speeds calcium re-
lease into the urine

Bone density can be measured with X-ray devices, and

many doctors recommend baseline measurements, espe-

cially in women who are approaching menopause. Although

osteoporosis cannot be cured, medicine, diet, and exercise

can all help shift the balance away from resorption and to-

ward bone mineralization. The drug bisphosphonate and

the hormone calcitonin both inhibit osteoclasts. Although

estrogen supplements assist bone mineralization, they also

raise the risk of breast cancer and do not seem to benefit

the heart, which was a major goal of estrogen supplements

after menopause. Both factors have reduced the popularity

of hormone replacement for treating osteoporosis.

Increasing calcium intake seems like an obvious way to

increase bone mineralization, but a large study recently

found that calcium supplements were surprisingly ineffec-

tive. Vitamin D is essential to utilizing dietary calcium, but

the effectiveness of vitamin D supplements is also

uncertain.

Perhaps the best recommendation is exercise. Impact

and stress on the bones, as occurs with weight-lifting and

running, triggers activity of the osteoblasts, helping mineral-

ize the bones.

Web Link: Good osteoporosis information can be found

at http://www.osteo.org/bone_health_info.html.
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he appendicular skeleton (Figure

5.15) includes all the bones that are
attached, or appended, to the axial
skeleton. Specifically, it includes the

pectoral girdle, the upper appendages (arms and
hands), the pelvic girdle, and the lower appendages
(legs and feet).

The clavicle is the
bone that most commonly
breaks in car or bicycle acci-
dents. To stop their fall, most
people naturally respond by
using their hands for protec-
tion, which transfers the shock

LEARNING OBJECTIVES

List and Identify the bones of the appendicular skeleton.

Your Limbs Comprise your Appendicular Skeleton

T

Appendicular skeleton Figure 5.15
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clavicles, which gives each shoulder joint greater range
of motion (Figure 5.17).

The humerus is the longest and strongest bone
in the upper appendicular skeleton. The anatomical
neck of the humerus is actually quite thick and strong.
The surgical neck is the thinner area of the humerus
distal to the neck, where the musculature of the arm

of landing up the strong arm bones, concentrating it
on the clavicle. This pressure is generally opposite the
strong axis of the clavicle, which breaks the bone (Fig-

ure 5.16).
The scapulae (the singular form is scapula) are

the “chicken wings” on your back. These bones connect
to the strong back muscles and articulate only with the

Scapula Figure 5.17 

Pectoral girdle
The bones that at-

tach the arm to the

axial skeleton; the

shoulder bones.

CONCEPT CHECK

Which cranial bone
serves as the keystone of
the cranium?

What is the overall
function of the facial
bones?

Why is the hyoid bone
often studied in
criminal
investigations?

Differentiate
between true ribs and
false ribs.

List and describe
the five types of vertebrae
in the vertebral column.

The sternum, or breastbone, protects the ante-
rior of the chest. The three parts of the sternum are the
manubrium, which articulates with the appendicular
skeleton; the body; and a small tab of cartilage at the
end of the body, the xyphoid process. The diaphragm
and rectus abdominus muscles (the six-pack muscles so
dramatically featured in body-building magazines) at-
tach to the xyphoid process.

If you take a CPR course, you will be trained to
locate the xyphoid process and avoid it as you depress
the chest wall. Force can easily break the xyphoid
process from the sternum, piercing the liver and caus-
ing life-threatening internal bleeding. This is NOT
ideal if you want to save that life!

Understand the characteristics of the pectoral and pelvic girdles.
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Right upper limb Figure 5.18 

Each upper limb includes a humerus, ulna, radius, carpals,

metacarpals, and phalanges.
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the appendicular girdle. The os coxa (hip bone)
emerges from three bones that fuse in early puberty:
the ilium, ischium, and pubic bone. The femur articu-
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does not cover the humerus well. You can feel this
area by running your hand approximately one third of
the way down the arm, until you feel your unprotected
bone. Most breaks to the humerus occur at the surgi-
cal neck rather than the anatomical neck (Figure

5.18). Distal to the humerus is a pair of bones in an
area commonly known as the forearm. The ulna is on
the medial side of the forearm, the same side as your
little finger, and is the longer of the two bones. The ra-
dius is on the thumb side of the forearm. One way to
learn this arrangement is to memorize the mnemonic
“p.u.” (the pinky is on the ulna side). The elbow is the
joint formed by the distal end of the humerus and the
proximal ends of the radius and ulna; a large projec-
tion of the ulna called the olecranon forms the point of
the elbow. At the other end of the forearm, the radius
is in more direct contact with the next set of upper limb
bones, the carpals. 

The wrist bones (carpals) are in two rows of
four short bones. The scaphoid bone, lunate bone, tri-
quetrum, and pisiform bone make up the proximal
row. The distal row of carpal bones includes the trapez-
ium, trapezoid bone, capitate bone, and hamate bone.
All eight of these bones are bound by a large tendon on
the palmar side of the hand. With heavy use, the ten-
dons passing between the carpals and this tendon can
swell. Because there is no extra room, this compresses
the nerves. This “carpal tunnel syndrome” causes pain
and numbness in the hand.

The metacarpals make up the structure of the
hand. If you make a fist, the distal tips of the
metacarpals are those protruding knuckles. A “boxer’s
fracture” is a shearing of the distal end of a metacarpal,
which makes the knuckle recede (Figure 5.19).

The phalanges—finger bones—are considered
long bones. Each finger has three bones: the proximal,
middle, and distal phalanx. The thumb (pollex) has
only two phalanges. With excessive writing a small ses-
moid bone can develop in the tendon of the thumb be-
cause the tendon rubs over the joint between the proxi-
mal phalanx and metacarpal.

In the anatomical position, the phalanges of
the hand reach below the beginning of the lower limb.
The lower limb, or leg, originates at the pelvic girdle.
This girdle, composed of the hip bones and lower ver-
tebrae, is much denser, stronger, and less flexible than

lates at the junction of these three bones. The acetabu-
lum is the curved recess that serves as a socket for the
head of the femur (Figure 5.20).
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The pelvis is technically made of two os coxae,
the sacrum and the coccyx. Between each of the two os
coxae is a pad of fibrocartilage called the symphysis pu-
bis, which serves the same purpose as the intervertebral
discs. Each os coxa articulates with the sacrum posteri-
orly. The sacroiliac joint, made famous by a comedy
team from vaudeville and early television called The
Three Stooges (“Oh my aching sacroiliac!”), lies be-
tween the sacrum and the iliac.

Male and female hip bones are visibly different
(Figure 5.21). Female hip bones are shallower,
broader, and more dished, and have an enlarged pelvic
outlet, a wider, more circular pelvic inlet, and a broader
pubic angle. Each of these modifications eases child-
birth by enlarging or smoothing the portion of the
birth canal in the pelvis. Sadly, these modifications also
change the angle of attachment of the female femur.
This slight shift alters the position of the knee joint,
leading to a knock-kneed appearance and increasing
the chance of knee and ankle injuries among women
athletes. (See the I Wonder . . . feature “How do foren-
sic scientists leran about someone’s movement from
the bones?” on page 144 for more on what can be
learned from analyzing a skeleton.)

The femur is the longest and heaviest bone
(Figure 5.22). The fovea capitus ligament lies in-
side the hip joint capsule and connects the head of the
femur to the acetabulum. This is the only ligament that

The patella, or knee cap, forms within the
tendon of the quadriceps femoris, the powerful mus-
cle that straightens the knee. Interestingly, although
the patella is counted among the 206 bones, humans
are born with a cartilaginous blob for a kneecap. The
bone develops as the large tendon associated with
the anterior thigh rubs across the distal end of the
femur and the proximal end of the tibia. Ossification
centers in the patella respond to this friction by lay-
ing down a bony matrix. The patella shows up by age
2 in most females and at age 3 to 5 in males (Fig-

ure 5.24).
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lies completely within a joint, probably to improve sta-
bility. The neck of the femur joins the shaft at a 125°
angle, putting huge stress on the neck. This makes it
susceptible to breaking as bones thin and weaken with
age. A total hip replacement is a surgical procedure
that replaces the head of the femur, the femoral neck,
and a portion of the femoral shaft with metal parts. Hip
replacements are common in elderly women suffering
from osteoporosis. In younger patients, hip replace-
ments have grown rarer, now that hip resurfacing can
improve hip movement without the incapacitating hip
replacement surgery (Figure 5.23)
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The tibia lies closest of any bone to the exterior,
covered only with skin and periosteum at the tibial
crest. The tibial tuberosity is the bump that you can feel
on the proximal anterior surface of the tibia. Here the
patellar tendon attaches to the leg. The medial ankle
bump is actually part of the tibia, called the medial
malleolus (Figure 5.25).

The fibula is a small, nonweight-bearing bone
in the lower leg that is an important site for muscular

attachment. The fibula is bound tightly to the tibia by
the interosseus membrane. The lateral ankle bump is
part of the fibula. This bone is often used as a source of
bone tissue for grafting be-
cause part can be removed
with little loss of function
(Figure 5.26).
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How do forensic scientists learn about someone’s 
movement from the bones?

Almost every episode of the television series CSI (Crime
Scene Investigation) includes at least one mention of skele-
tal identification. The biochemical technologies available to-
day allow us to glean an amazing amount of information
from bones, including gender, age, physical conditioning,
and even diet and homeland.

You may have heard people described as “big boned.”
Whereas most bones vary little in shape from one person to
the next, they do differ in size and density. One femur looks
like another, but there are individual differences between
femurs, just as there are between faces. Weight training, ex-
ercise, and hard work increase bone mass because bone re-
sponds to stress by growing stronger. Extremely heavy
wear in certain locations on the skeleton is evidence of spe-
cific occupations: For example, stone masons and brick lay-
ers often develop enlarged acromion processes on their
scapulae as a result of continually carrying the brick load
on their shoulder.

Anthropologists and forensic scientists also look at the
size and ruggedness of muscle attachment scars, which
form where muscles pull on bones. Bone placed under se-
vere muscular stress becomes stronger and thicker at the
attachment site, so larger muscle scars suggest larger,
stronger muscles. Usually, males have larger muscles and
larger bones, so heavier bones with pronounced muscle
scars suggest a male skeleton. A second indication of sex is
the pelvic girdle. Because of the demands of childbirth,
women’s pelvic bones tend to be wider than men’s.

Skeletal remains also suggest the age at death, based
on maturity of the bones (skull bones, for example, do not
fuse until age 1 or 2). And of course skeletons reveal height
and suggest body weight, helping to indirectly indicate
general health.

Teeth, a form of bone, can also suggest both overall
health and diet. Heavy wear on the molars can indicate a

diet high in fiber-rich, uncooked food. Massive cavities indi-
cate a diet rich in sugar or simple carbohydrates. Deformi-
ties in the legs may indicate rickets, caused by lack of vita-
min D in the diet.

Bones can carry evidence of past infections, accident,
or foul play. Healed breaks can show evidence of a violent
past, whereas unhealed breaks can suggest the cause of
death and the timing of the break—within the last weeks of
life. Knife marks on the long bones may show evidence of
cannibalism or foul play; tooth marks may show that wild
animals consumed the remains postmortem.

Isotopic analysis of elements in bones and teeth can
identify the origin of the specimen. Teeth mineralize early
in life, so the isotopes they contain represent childhood
conditions. Bones continually remineralize, so bone iso-
topes tell us about the more recent environment. Isotopes
in the teeth indicated that the Iceman, a mummified person
found in 1991 in a glacier in the Alps who died about 5,200
years ago, had been born in Central or Northern Europe.
Isotopes in the bones suggested that he had probably
spent part of his summers at high altitude. He was probably
herding animals, which is how people have made a living in
the summer in the Alps for 6,000 years.

Forensic scientists have derived DNA from bone mar-
row to identify victims of mass murders in Bosnia and
South America. This “DNA fingerprint” identification, com-
bined with other evidence from skeletal remains, can help
relatives achieve some closure after massacres or political
“disappearances.” It can also help prosecutors gain convic-
tions of the guilty parties.

In cases where bodies cannot be identified, computer
reconstruction of facial bones can produce a “mask,” an in-
formed estimate of the person’s appearance. In this way,
forensic scientists can literally “give a face to the dead.”
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Between bones.

The ankle bones of this person will be

easy to identify for many years to

come. The scars left from the pins and

staples will remain visible to the

forensic scientist long after the injury is

forgotten by the victim.

human_ch05_118-155v2.qxd  16-01-2007  14:56  Page 144

helen walden
Note
Cap Y in Your



Joints Link the Skeletal System Together      147146 CHAPTER 5 The Skeletal System

Joints Link the Skeletal
System Together

he skeletal system provides internal scaf-
folding from which the skin, muscles,
and organs are suspended. The skele-
ton, however, must not only support and

protect, but also flex and move. This is accomplished
by the joints of the body, which exist wherever two
bones meet. These joints can be classified by function
or by structure. Functionally, joints are immovable
(synarthrotic) (Figure 5.30), semimovable (am-
phiarthrotic), or freely movable (diarthrotic, or syn-
ovial). Structurally, a joint is considered a bony fusion,
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CONCEPT CHECK

Which bones make up
the pectoral girdle?
Which ones combine to
form the pelvic girdle?

List three differences
between male and
female pelvic girdles.

Which bones of the leg,
ankle, and foot are
responsible for
transferring your weight
to the ground with
every step?

LEARNING OBJECTIVES

Discuss the different types of joints, classified by structure and their

particular movement.

Define the typical movements of diarthrotic joints.
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Seven tarsal bones in the ankle transfer weight
from the leg to the foot. The talus articulates with the
tibia and takes the entire force of each step before trans-
ferring it to the rest of the ankle bones. The calcaneus
(heel bone) is the largest of the tarsal bones. During
walking, weight transfer progresses from the tibia to the
talus to the calcaneus, then to the ground. The calca-
neus (Achilles) tendon runs from the muscles of the leg

to the projection on the back of the calcaneus. The re-
maining bones of the ankle include the navicular bone,
the cuboid bone (so named because it is quite cube-
like!) and the third (lateral), second (intermediate), and
first (medial) cuneiform bones (Figure 5.27).

The metatarsal bones, which comprise the body
of the foot, are comparable to the metacarpals in the
hand. The phalanges in the toes are similar to those of

the fingers, but shorter. The
great toe is called the hallux
(Figure 5.28).

The arches of the foot
(Figure 5.29) are main-
tained by ligaments and ten-

dons surrounding the metatarsals and the tarsals. The
longitudinal arch transfers weight from heel to toe
along the metatarsals. The transverse arch is the por-
tion of the foot that shoe manufacturers call the arch.
The greater the curvature of this arch, the greater the
flexibility it affords the foot.
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Dense regular 

connective tissue

connecting bone 
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connective tissue

connecting muscle
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Arches of the foot
Figure 5.29

Synarthrotic joint Figure 5.30
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or a fibrous, cartilaginous, or synovial joint. The term
synovial is confusing, however, because it describes both
the function and structure of a movable joint. “Syn-
ovial” describes the fluid in the joint (structure), and
any structure that secretes synovial fluid (function).

Bones in synarthrotic joints are fused together,
so movement is impossible. The fibrous connections
holding the teeth in the jaw are synarthrotic joints. Oth-
ers are found on the skull: The coronal suture borders
the frontal and parietal bones (where a crown would be
worn). The sagittal suture lies along the midsagittal
plane. The lambdoidal suture outlines the occipital
bone, and the squamous suture follows the fusion be-
tween the temporal and parietal bones on each side of
the head.

Amphiarthrotic joints allow some movement.
In intervertebral joints, a fibrocartilage pad (the inter-
vertebral disc) lies between adjacent vertebrae, allow-
ing limited flexing movements (Figure 5.31). The
disc is composed of an outer fibrous ring, the annulus
fibrosus, and an inner pulp, the nucleus pulposus.

Many people suffer back trouble in the form of a herni-
ated disc, often called a slipped or ruptured disc. A rup-
ture in the annulus fibrosus allows the nucleus pulpo-
sus to escape and press on a nerve, causing extreme
pain in the entire region that the nerve innervates. An-
other type of amphiarthrotic joint occurs between the
tibia and the fibula, which are connected by tight liga-
ments of the interosseus membrane. These ligaments
bind the two bones so the tibia can move only slightly
with respect to the fibula.

Diarthrotic, or synovial, joints are the most
common joints. These joints serve as the fulcrum of a
lever, so the force generated by contracting muscle can
move a load. Synovial joints allow free movement be-
tween two bones. These joints are characterized by a
complex joint structure bounded by a joint capsule con-
taining synovial fluid. Tendons, ligaments, bursae,
and menisci are often associated with synovial joints
(Figure 5.32). Accessory
ligaments outside the joint
help to stabilize and reinforce

When a joint moves, so do the overlying tissues.
To reduce friction and absorb shock from this move-
ment, fluid-filled sacs called bursae are found in the
connective tissue surrounding many diarthrotic joints.
These sacs can be damaged themselves, resulting in in-
flammation of the bursae. Bursitis, as this is called, is
usually attributed to severe, repetitive motion at a joint.
Throwing a baseball, swinging a golf club, or playing
tennis are all common causes of bursitis of the shoul-
der. Kneeling for long periods can cause “water on the
knee,” an inflammation of the bursa around the patella.

Another supportive structure associated with
synovial joints is a meniscus, or fat pad. This structure
can subdivide the synovial cavity, channel the flow of
synovial fluid, or improve the “fit” between the bones
and the joint capsule. The medial and lateral menisci
of the knee help stabilize the knee and provide lateral
support (Figure 5.33). These are commonly in-
jured in side impacts in games like football and rugby.
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the joint capsule. Some joints, like the hip and shoul-
der, even have ligaments inside the joint capsule. In the
knee, the anterior and posterior cruciate ligaments are
inside the joint capsule.

Internal knee structures Figure 5.33

CT scan of knee in sagittal.
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CONCEPT CHECK

How do the joint
classifications based on
structure relate to the
joint classifications based
on function? Can you see
any similarities between
these two systems?

What are the possible
actions of your
knee joint? your spinal
joints? your shoulder
joint?

Describe
the movements your
ankle and wrist make
that other joints cannot.

Glinding motion Rotation

Gliding

Rotation

Flexion and extension Flexion and hyperextension

Flexion

Extension

Abduction

Adduction

Plantar flexion dorsiflexion

Dorsiflexion

Plantar
flexion

Abduction and adduction Pronation and supination

Flexion

Extension

Hyperextension

Pronation Supination

Palm
posterior

Palm
anterior

A B

DC

FE

G

A Gliding motion occurs when one

surface slides past the other, as in

the ankle.

B Rotation is the movement of a

bone in all directions and all planes,

as you may have done when

making arm circles in gym class.

This is possible only at the pectoral

girdle; you can move your humerus

in literally any direction, although

the joint has more flexibility in some

planes than others.

C Flexion and extension are opposite

motions of hinge joints. Flexion

decreases the angle at the joint;

extension increases it. When standing in

the anatomical position, all the joints are

at full extension.

D Joints like the neck and wrist can be

hyperextended (moved beyond full

extension). Tipping your head back to

look at the ceiling hyperextends the

neck.

E Adduction and abduction are opposite

movements that bring appendages closer to, or

farther from, the body midline, respectively. Clasping

your hands in front of your body, as in prayer, shows

adduction, whereas flinging your arms outward as if

to say “the fish I caught was THIS big . . .” shows

abduction.

F Supination and pronation are movements at the

wrist, involving the radius and the ulna. In supination,

the two bones are parallel; in pronation, the radius is

twisted over the ulna. Holding your hands palms

upward to cup a bowl of soup shows supination,

whereas holding your hands palms downward shows

pronation. Interestingly, the radius and ulna are the

only two bones that you can twist one over the other

without damage.

G The ankle joint has its own specific movements. In plantar flexion, the foot is

flexed so that the toes point downward, as if you were planting a seed with your toe.

Dorsiflexion is the opposite, with the dorsal surface of the foot flexed so the toes

point upward.

Diarthrotic joints can
permit movement in one, two,
or three planes. Monaxial
joints include the hinge joint
of the elbow and ankle. The
wrist is a typical diaxial joint.
The hips and shoulder are tri-
axial joints. The type of move-

ment at synovial joints is also classified as gliding,
extending, flexing, hyperextending, adducting,
abducting, rotating, pronating, and supinating (Fig-

ure 5.34).
The skeleton, together with all of its sophisti-

cated joints, provides a framework for movement, but it
does not generate movement on its own. That is the task
of the muscular system, which we will investigate next.

Monaxial
One plane of 

movement.

Diaxial
Two planes of

movement.

Triaxial
All three planes of

movement.

CHAPTER SUMMARY

1The Skeletal System Is a
Dynamic Living System

The skeletal system is composed of the

axial and appendicular skeleton. It includes

206 bones, each with a proper name. Func-

tions of the skeletal system include sup-

port, allowing movement, protection, cal-

cium storage, and hematopoiesis. All bones

are composed of bony tissue arranged to

maximize strength and minimize weight.

Movement Figure 5.34

p0095
reuse 5.31
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2Ossification Forms Bone 
and Remodeling Continues
to Shape It

The formation of bone is called ossifi-

cation. Most of your bones were formed

from the ossification of a cartilage model,

starting with a primary ossification center

and the hollowing of the medullary canal.

Eventually, a secondary ossification center

developed at the ends of the bone, leaving

the cartilage growth plate, or epiphyseal

plate. Compact bone is composed of Haver-

sian systems, or osteons, stacked for

strength. Spongy bone is less dense,

formed of trabeculae that are easily decon-

structed and moved should stresses de-

velop in new areas.

CHAPTER SUMMARY KEY TERMS

1. The bones of the hand, wrist, and arm are similar in appearance

to those of the foot, ankle, and leg. Compare these two ap-

pendages, listing the similar bones and noting any significant

structural or functional differences.

2. When hiking in the backwoods, you come across a human

skeleton. What clues can you use to determine the identity of

the deceased? How would you determine gender? Can you de-

termine age, dietary preferences, general health? What mark-

ings or other signs would you consider valuable clues?

3. We know bone formation can occur in areas that usually do not

support bony tissue. For example, masons who regularly carry

bricks on their shoulder often develop dermal bones in the skin

on the anterior aspect of the shoulder. Describe the process of

ossification that would occur here. Is this type of bone forma-

tion more like endochondral ossification or intermembranous

ossification?

4. Bone remodeling is achieved through hormonal regulation of

the osteoclasts and osteoblasts. Calcitonin is a hormone that

prevents osteoclast activity, resulting in the overall deposition

of bone, whereas parathyroid hormone stimulates removal of

calcium from bones. Which type of bone cell does calcitonin

stimulate? What about parathyroid hormone? Explain what role

these hormones could play in osteoporosis.

5. Draw a typical long bone, labeling at least five structures. Indi-

cate the likely location of compact bone and of spongy bone.

Relate the structure of compact bone to its function in the long

bone.

CRITICAL THINKING QUESTIONS

■ articulates p. 000

■ bursae p. 000

■ chondroblasts p. 000

■ cribiform plate p. 000

■ diaxial p. 000

■ endochondral p. 000

■ fibrocartilage p. 000

■ fossa p. 000

■ fracture hematoma p. 000

■ interosseus p. 000

■ intramembranous p. 000

■ ligament p. 000

■ menisci p. 000

■ monaxial p. 000

■ osteoblasts p. 000

■ osteocytes p. 000

■ parietal p. 000

■ pectoral girdle p. 000

■ pelvic girdle p. 000

■ sella turcica p. 000

■ synovial fluid p. 000

■ tendon p. 000

■ triaxial p. 000

3The Axial Skeleton Is the
Center of Things

The axial skeleton includes 8 cranial

bones, 14 facial bones, the thoracic cage,

and the vertebrae, which protect the spinal

cord. The skull includes many fused

(synarthrotic) joints.

4Your Limbs Comprise Your
Appendicular Skeleton

The pectoral girdle, arms, hands, pelvic girdle, legs, and feet comprise the ap-

pendicular skeleton, which features a wide variety of joints and bone forms.

5Joints Link the Skeletal
System Together

The skeletal system moves only at the

joints. The most maneuverable and com-

mon joint of the skeletal system is the syn-

ovial joint, which has menisci, ligaments,

tendons, bursae, and capsule to comple-

ment the bony structure. Synarthrotic

joints provide great strength but allow no

movement. Amphiarthrotic joints, like 

the one found between the two

pubic bones, are slightly movable.

Many joint movements are paired,

including flexion and extension,

adduction and abduction, prona-

tion and supination, and plantar

flexion and dorsiflexion.
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1. The functions of the skeletal system include all of these EXCEPT

a. hematopoiesis. 

b. support.

c. protection.

d. calcium storage.

e. movement.

2. The axial skeleton includes

a. the carpals.

b. the phalanges.

c. the ribs.

d. the clavicle.

3. Identify the type of bone indicated 

as A on this diagram 

a. Long

b. Short 

c. Flat

d. Irregular

e. Sesamoid

5. True or False:  Endochondral ossification involves ossification of

a cartilage skeletal model.

6. The cells responsible for the formation of the osteoid indicated

in this figure are called: 

a. osteoclasts.

b. osteocytes.

c. osteoblasts.

d. osteons.

SELF TEST

154 CHAPTER 5 The Skeletal System

9. During bone remodeling, the cell responsible 

for breaking down bone and releasing the 

stored calcium is the 

a. osteoblast.

b. osteoclast.

c. osteocyte.

d. osteon.

10. The first step in bone fracture healing is the formation of a

a. fracture hematoma.

b. fibrous callus.

c. bony callus.

d. periosteum.

11. The bone that forms the base of the cranial cavity, touching all

other cranial bones is the

a. ethmoid.

b. parietal bone.

c. frontal bone.

d. sphenoid.

e. temporal bone.

12. The function of the orbital complex is to

a. support the eye.

b. protect the eye.

c. provide a site for muscle attachment.

d. All of the above.

13. The thinnest and most delicate of the vertebra are the

a. thoracic vertebrae.

b. lumbar vertebrae.

c. cervical vertebrae.

d. sacral vertebrae.

e. coccyx.

14. Risk factors for osteoporosis include all of the following EXCEPT

a. inactivity.

b. light stature.

c. vitamin D surplus.

d. Asian or European ancestry.

15. Identify the bone in this figure: 

a. Clavicle

b. Scapula

c. Humerus

d. Carpal

Self Test      155Self Test      155

4. Which of the bone types indicated on the above figure is

formed inside tendons?

a. A

b. B

c. C

d. D

e. E

B

A

B

C

D

7. Concentric rings of matric laid down by osteocytes surrounding

a central canal are referred to as

a. trabeculae.

b. Haversian systems.

c. lacunae.

d. canaliculi.

8. Identify the portion of a long bone indicated as B in this figure. 

a. Diaphysis

b. Epiphysis

c. Medullary canal

d. Articulating cartilage

16. “Boxer’s fractures” affect the __________ bones.

a. carpal

b. tarsal

c. metacarpal

d. metatarsal

17. __________ hip bones are thicker, narrower, and have a nar-

row pubic angle.

a. Male

b. Female

c. Infant 

d. Adult

18. Identify the bone seen in this figure:

a. Femur

b. Fibula

c. Patella

d. Talus

19. The type of joint typically found in the skull is a

a. synarthrotic joint.

b. synovial joint.

c. amphiarthrotic joint.

d. diarthrotic joint.

20. The movement permitted at the knee joint can best be de-

scribed as

a. gliding.

b. rotation.

c. flexion and extension.

d. adduction and abduction.
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