
Chapter 5

A Scaffold to Build On: The Skeleton
In This Chapter
! Getting to know your bones

! Keeping the axial skeleton in line

! Checking out the appendicular skeleton

! Playing with joints

Human osteology, from the Greek word for “bone” (osteon) and the suffix –logy, which
means “to study,” focuses on the 206 bones in the adult body endoskeleton. But it’s

more than just bones; it’s also ligaments and cartilage and the joints that make the whole
assembly useful. In this chapter, you get lots of practice exploring the skeletal functions and
how the joints work together.

Understanding Dem Bones
The skeletal system as a whole serves five key functions:

" Protection: The skeleton encases and shields delicate internal organs that might other-
wise be damaged during motion or crushed by the weight of the body itself. For exam-
ple, the skull’s cranium houses the brain, and the ribs and sternum of the thoracic cage
protect organs in the central body cavity.

" Movement: By providing anchor sites and a scaffold against which muscles can con-
tract, the skeleton makes motion possible. The bones act as levers, the joints are the
fulcrums, and the muscles apply the force. For instance, when the biceps muscle con-
tracts, the radius and ulna bones of the forearm are lifted toward the humerus bone of
the upper arm.

" Support: The vertebral column’s curvatures play a key role in supporting the entire
body’s weight, as do the arches formed by the bones of the feet. Upper body support
flows from the clavicle, or collarbone, which is the only bone that attaches the upper
extremities to the axial skeleton and the only horizontal long bone in the human body.

" Mineral storage: Calcium, phosphorous, and other minerals like magnesium must be
maintained in the bloodstream at a constant level, so they’re “banked” in the bones in
case the dietary intake of those minerals drops. The bones’ mineral content is con-
stantly renewed, refreshing entirely about every nine months. A 35 percent decrease in
blood calcium will cause convulsions.

" Blood cell formation: Called hemopoiesis or hematopoiesis, most blood cell formation
takes place within the red marrow inside the ends of long bones as well as within the ver-
tebrae, ribs, sternum, and cranial bones. Marrow produces three types of blood cells:
erythrocytes (red cells), leukocytes (white cells), and thrombocytes (platelets). Most of
these are formed in red bone marrow, although some types of white blood cells are pro-
duced in fat-rich yellow bone marrow. At birth, all bone marrow is red. With age, it con-
verts to the yellow type. In cases of severe blood loss, the body can convert yellow
marrow back to red marrow in order to increase blood cell production.



1. The formation of red blood cells by the bone marrow is known as

a. Hemolysis

b. Hematopoiesis

c. Hemoptysis

d. Hematuria

2. The following mineral is stored inside bones for later use:

a. Phosphorous

b. Calcium

c. Magnesium

d. All of the above

3. Besides support and protection, the skeleton serves other important functions, including

a. Reproduction

b. Locomotion

c. Respiration

d. Circulation

4. The curvatures in some bone structures serve the following purpose:

a. Support the body

b. Make the body more flexible

c. Enhance circulation throughout the body

d. Divide different body areas
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The following are examples of questions dealing with skeletal functions:

Q. Which of the following is not a
function of the skeleton?

a. Support of soft tissue

b. Hemostasis

c. Production of red blood cells

d. Movement

A. The correct answer, of course, is
hemostasis, which is the stoppage
of bleeding or blood flow. (We dis-
cuss hemostasis further when we
address the circulatory system in
Chapter 10.) This is one of those
frequent times when study of
anatomy and physiology boils down
to rote memorization of Latin and
Greek roots (check out the Cheat
Sheet at the front of this book).

Q. The skeletal system is composed
of

a. Bones

b. Cartilage

c. Joints

d. All of the above

A. If you hesitated to choose “all of
the above,” ask yourself this: If you
suspected one of the three things
was not part of the skeletal system,
to which system would it belong?
Can’t think of a sensible alterna-
tive? Neither can we.



Boning Up on Classifications, Structures,
and Ossification

Adult bones are composed of 30 percent protein (called ossein), 45 percent minerals
(including calcium, phosphorus, and magnesium), and 25 percent water. Minerals give
the bone strength and hardness. At birth, bones are soft and pliable because of carti-
lage in their structure. As the body grows, older cartilage gradually is replaced by hard
bone tissue. Mineral in the bones increases with age, causing them to become more
brittle and easily fractured.

Various types of bone make up the human skeleton, but fortunately for memorization
purposes, bone type names match what the bones look like. They are as follows:

! Long bones, like those found in the arms and legs, form the weight-bearing part
of the skeleton.

! Short bones, such as those in the wrists (carpals) and ankles (tarsals), have a
blocky structure and allow for a greater range of motion.

! Flat bones, such as the skull, sternum, scapulae, and pelvic bones, shield soft 
tissues.

! Irregular bones, such as the mandible (jawbone) and vertebrae, come in a vari-
ety of shapes and sizes suited for attachment to muscles, tendons, and ligaments.
Irregular bones include seed-shaped sesamoid bones found in joints such as the
patella, or kneecap.

Unfortunately for students of bone structures, there’s no easy way to memorize them.
So brace yourself for a rapid summary of what your textbook probably goes into in
much greater detail.

Compact bone is a dense layer made up of structural units, or lacunae, arranged in
concentric circles called Haversian systems (also referred to in short as osteons), each
of which has a central, microscopic Haversian canal. A perpendicular system of canals,
called Volkmann’s canals, penetrate and cross between the Haversian systems. This
network ensures circulation into even the hardest bone structure. Compact bone
tissue is thick in the shaft and tapers to paper thinness at the ends of the bones. The
bulbous ends of each long bone, known as the epiphyses (or singularly as an epiphy-
sis), are made up of spongy bone or cancellous bone tissue covered by a thin layer of
compact bone. The diaphysis, or shaft, contains the medullary cavity and blood
cell–producing marrow. A membrane called the periosteum covers the outer bone to
provide nutrients and oxygen, remove waste, and connect with ligaments and tendons.

Bones grow through the cellular activities of osteoblasts on the surface of the bone,
which produce layers of mature bone cells called osteocytes. Osteoclasts are cells that
function in the developing fetus to absorb cartilage as ossification occurs and function
in adult bone to break down and remove spent bone tissue.

There are two types of ossification, which is the process by which softer tissues harden
into bone. Both types rely on a peptide hormone produced by the thyroid gland, calci-
tonin, which regulates metabolism of calcium, the body’s most abundant mineral. The
two types of ossification are

! Endochondral or intracartilaginous ossification: Occurs when mineral salts,
particularly calcium and phosphorus, calcify along the scaffolding of cartilage
formed in the developing fetus beginning about the fifth week after conception.
This process, known as calcification, takes place in the presence of vitamin D and
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a hormone from the parathyroid gland. The absence of any one of these sub-
stances causes a child to have soft bone, called rickets. Next, the blood supply
entering the cartilage brings osteoblasts that attach themselves to the cartilage.
As the primary center of ossification, the diaphysis of the long bone is the first
to form spongy bone tissue along the cartilage, followed by the epiphyses, which
form the secondary centers of ossification and are separated from the diaphysis
by a layer of uncalcified cartilage called the epiphyseal plate where all growth in
bone length occurs. Compact bone tissue covering the bone’s surface is pro-
duced by osteoblasts in the inner layer of the periosteum, producing growth in
diameter.

! Intramembranous ossification: Occurs not along cartilage but instead along a
template of membrane, as the name implies, primarily in compact flat bones of
the skull that don’t have Haversian systems. The skull and mandible (lower jaw)
of the fetus are first laid down as a membrane. Osteoblasts entering with the
blood supply attach to the membrane, ossifying from the center of the bone out-
ward. The edges of the skull’s bones don’t completely ossify to allow for molding
of the head during birth. Instead, six soft spots, or fontanels, are formed: one
frontal or anterior, two sphenoidal or anterolateral, two mastoidal or posterolat-
eral, and one occipital or posterior.

Once formed, bone is surrounded by the periosteum, which has both a vascular layer
(remember the Latin word for “vessel” is vasculum) and an inner layer that contains
the osteoblasts needed for bone growth and repair. A penetrating matrix of connective
tissue called Sharpey’s fibers connects the periosteum to the bone; inside the bone, the
medullary cavity is lined by a thin membrane called the endosteum (from the Greek
endon, meaning “within,” and, of course, that ever-present Greek word osteon).

Following are the basic terms used to identify bone landmarks or surface features:

! Process: A broad designation for any prominence or prolongation

! Spine: An abrupt or pointed projection

! Trochanter: A large, usually blunt process

! Tubercle: A smaller, rounded eminence

! Tuberosity: A large, often rough eminence

! Crest: A prominent ridge

! Head: A large, rounded articular end of a bone; often set off from the shaft by
a neck

! Condyle: An oval articular prominence of a bone

! Facet: A smooth, flat or nearly flat articulating surface

! Fossa: A deeper depression

! Sulcus: A groove

! Foramen: A hole

! Meatus: A canal or opening to a canal

64 Part II: Weaving It Together: Bones, Muscles, and Skin 



5. The most abundant mineral in the body is

a. Potassium

b. Magnesium

c. Calcium

d. Sodium

6. A decrease in calcium concentration in the body fluids by 35 percent causes

a. Unresponsive neurons

b. Death

c. Convulsions

d. Muscle spasms

7. Calcitonin is produced by the

a. Thyroid gland

b. Pituitary gland

c. Adrenal gland

d. Parathyroid

8. Bones are encased by a membrane called the

a. Vasculum

b. Periosteum

c. Endosteum

d. Fontanel
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Q. Mature bone cells are called

a. Osteocytes

b. Osteoblasts

c. Chondrocytes

d. Osteoclasts

A. The correct answer is osteocytes.
Why? Refer to the Latin root cyta,
which is most commonly used to
refer to a cell. Why not osteoblasts
or osteoclasts? Because the Greek
root blast in biological terms refers
to growth or formation, and the
Latin root clast refers to breaking
or fragmentation.

Q. The basic unit of structure in adult
compact bones is the

a. Osteoblast

b. Osteon

c. Osteoclast

d. Osteocytes

A. The correct answer is osteon.
Always pay attention to exactly
what a multiple-choice question is
asking. Remember that description
of the structural part of the bone,
the Haversian system? And check
out that root osteo, which comes
from the Greek word for “bone.”



9. A bone’s encapsulating membrane is attached by

a. Haversian canals

b. Sphenoids

c. Sharpey’s fibers

d. Mastoids

10. Bone marrow can be found inside the

a. Medullary cavity

b. Sharpey’s cavity

c. Ossifying cavity

d. Diaphanous cavity

11. The six structures in the skull of an infant are called

a. Condyls

b. Fontanels

c. Facets

d. Trochanters

12. Volkmann’s canals

a. Are found in cancellous bone only

b. Contain the nutrient artery

c. Pass through the epiphysis

d. Supply articulating cartilage blood

13. Blood vessels entering through Volkmann’s canals reach the bone cells through the

a. Endosteum

b. Haversian canal

c. Lacunae

d. Medullary canal

14. The hormone released when calcium ion concentration is abnormally high is

a. Thyroxine

b. Calcitonin

c. Progesterone

d. Parathormone

15.–25. Fill in the blanks to complete the following sentences:

Bones are first laid down as 15. _______________ during the fifth week after conception.
Development of the bone begins with 16._______________, the depositing of calcium and
phosphorus. Next, the blood supply entering the cartilage brings 17. _______________
that attach themselves to the cartilage. Ossification in long bones begins in the 
18. _______________ of the long bone and moves toward the 19. _______________ of the
bone. The epiphyseal and diaphyseal areas remain separated by a layer of uncalcified 
cartilage called the 20. _______________.
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Another very large cell that enters with the blood supply is the 21. _______________, which
helps absorb the cartilage as ossification occurs. Later it helps absorb bone tissue from the
center of the long bone’s shaft, forming the 22. _______________ cavity. After ossification,
the spaces that were formed by the osteoclasts join together to form 23. _______________
systems, which contain the blood vessels, lymphatic vessels, and nerves. Unlike bones 
in the rest of the body, those of the skull and mandible (lower jaw) are first laid down as 
24. _______________. In the skull, the edges of the bone don’t ossify in the fetus but remain
membranous and form 25. _______________.

26.–34. Classify the following bones by shape. Each classification may be used more than once.

26. _____ Vertebrae of the vertebral column a. Flat bone

27. _____ Femur in thigh b. Irregular bone

28. _____ Sternum c. Long bone

29. _____ Tarsals in ankle d. Short bone

30. _____ Humerus in upper arm

31. _____ Phalanges in fingers and toes

32. _____ Scapulae of shoulder

33. _____ Kneecap

34. _____ Carpals in wrist

35.–47. Match the description with the bone landmarks or surface features.

35. _____ An abrupt or pointed projection a. Condyle

36. _____ A large, usually blunt process b. Crest

37. _____ A designation for any prominence c. Facet
or prolongation

d. Foramen
38. _____ A large, often rough eminence

e. Fossa
39. _____ A prominent ridge

f. Head
40. _____ A large, rounded articular end of a bone; often 

g. Meatus
set off from the shaft by the neck

h. Process
41. _____ An oval articular prominence of a bone

i. Spine
42. _____ A smooth, flat or nearly flat articulating surface

j. Sulcus
43. _____ A deeper depression

44. _____ A groove
k. Trochanter

45. _____ A hole
l. Tubercle

46. _____ A canal or opening to a canal
m. Tuberosity

47. _____ A smaller, rounded eminence

48.–56. Use the terms that follow to identify the regions and structures of the long bone shown in
Figure 5-1.
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Illustration by Imagineering Media Services Inc.

a. Diaphysis

b. Medullary cavity

c. Distal epiphysis

d. Spongy bone tissue

e. Medullary or nutrient artery

f. Proximal epiphysis

g. Red bone marrow

h. Articulating cartilage

i. Compact bone tissue

48

49

50

51

52

53

54

55

56
Figure 5-1:

The long
bone.
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