
Blood and Nerve Supply

The spongy bone and medullary cavity receive nourishment from arteries that pass through the compact bone. The
arteries enter through the nutrient foramen (plural = foramina), small openings in the diaphysis (Figure 6.15). The
osteocytes in spongy bone are nourished by blood vessels of the periosteum that penetrate spongy bone and blood
that circulates in the marrow cavities. As the blood passes through the marrow cavities, it is collected by veins,
which then pass out of the bone through the foramina.

In addition to the blood vessels, nerves follow the same paths into the bone where they tend to concentrate in the
more metabolically active regions of the bone. The nerves sense pain, and it appears the nerves also play roles in
regulating blood supplies and in bone growth, hence their concentrations in metabolically active sites of the bone.

FIGURE 6.15 Diagram of Blood and Nerve Supply to Bone Blood vessels and nerves enter the bone through the nutrient foramen.

What causes the osteoclasts to become overactive? The answer is still unknown, but hereditary factors seem to
play a role. Some scientists believe Paget’s disease is due to an as-yet-unidentified virus.

Paget’s disease is diagnosed via imaging studies and lab tests. X-rays may show bone deformities or areas of
bone resorption. Bone scans are also useful. In these studies, a dye containing a radioactive ion is injected into
the body. Areas of bone resorption have an affinity for the ion, so they will light up on the scan if the ions are
absorbed. In addition, blood levels of an enzyme called alkaline phosphatase are typically elevated in people
with Paget’s disease.

Bisphosphonates, drugs that decrease the activity of osteoclasts, are often used in the treatment of Paget’s
disease. However, in a small percentage of cases, bisphosphonates themselves have been linked to an
increased risk of fractures because the old bone that is left after bisphosphonates are administered becomes
worn out and brittle. Still, most doctors feel that the benefits of bisphosphonates more than outweigh the risk;
the medical professional has to weigh the benefits and risks on a case-by-case basis. Bisphosphonate treatment
can reduce the overall risk of deformities or fractures, which in turn reduces the risk of surgical repair and its
associated risks and complications.
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INTERACTIVE LINK

Watch this video (http://openstax.org/l/microbone) to see the microscopic features of a bone.

6.4 Bone Formation and Development
LEARNING OBJECTIVES
By the end of this section, you will be able to:

• Explain the function of cartilage
• List the steps of intramembranous ossification
• List the steps of endochondral ossification
• Explain the growth activity at the epiphyseal plate
• Compare and contrast the processes of modeling and remodeling

In the early stages of embryonic development, the embryo’s skeleton consists of fibrous membranes and hyaline
cartilage. By the sixth or seventh week of embryonic life, the actual process of bone development, ossification
(osteogenesis), begins. There are two osteogenic pathways—intramembranous ossification and endochondral
ossification—but bone is the same regardless of the pathway that produces it.

Cartilage Templates

Bone is a replacement tissue; that is, it uses a model tissue on which to lay down its mineral matrix. For skeletal
development, the most common template is cartilage. During fetal development, a framework is laid down that
determines where bones will form. This framework is a flexible, semi-solid matrix produced by chondroblasts and
consists of hyaluronic acid, chondroitin sulfate, collagen fibers, and water. As the matrix surrounds and isolates
chondroblasts, they are called chondrocytes. Unlike most connective tissues, cartilage is avascular, meaning that it
has no blood vessels supplying nutrients and removing metabolic wastes. All of these functions are carried on by
diffusion through the matrix. This is why damaged cartilage does not repair itself as readily as most tissues do.

Throughout fetal development and into childhood growth and development, bone forms on the cartilaginous matrix.
By the time a fetus is born, most of the cartilage has been replaced with bone. Some additional cartilage will be
replaced throughout childhood, and some cartilage remains in the adult skeleton.

Intramembranous Ossification

During intramembranous ossification, compact and spongy bone develops directly from sheets of mesenchymal
(undifferentiated) connective tissue. The flat bones of the face, most of the cranial bones, and the clavicles
(collarbones) are formed via intramembranous ossification.

The process begins when mesenchymal cells in the embryonic skeleton gather together and begin to differentiate
into specialized cells (Figure 6.16a). Some of these cells will differentiate into capillaries, while others will become
osteogenic cells and then osteoblasts. Although they will ultimately be spread out by the formation of bone tissue,
early osteoblasts appear in a cluster called an ossification center.

The osteoblasts secrete osteoid, uncalcified matrix, which calcifies (hardens) within a few days as mineral salts are
deposited on it, thereby entrapping the osteoblasts within. Once entrapped, the osteoblasts become osteocytes
(Figure 6.16b). As osteoblasts transform into osteocytes, osteogenic cells in the surrounding connective tissue
differentiate into new osteoblasts.

Osteoid (unmineralized bone matrix) secreted around the capillaries results in a trabecular matrix, while osteoblasts
on the surface of the spongy bone become the periosteum (Figure 6.16c). The periosteum then creates a protective
layer of compact bone superficial to the trabecular bone. The trabecular bone crowds nearby blood vessels, which
eventually condense into red marrow (Figure 6.16d).
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FIGURE 6.16 Intramembranous Ossification Intramembranous ossification follows four steps. (a) Mesenchymal cells group into
clusters, and ossification centers form. (b) Secreted osteoid traps osteoblasts, which then become osteocytes. (c) Trabecular matrix and
periosteum form. (d) Compact bone develops superficial to the trabecular bone, and crowded blood vessels condense into red marrow.

Intramembranous ossification begins in utero during fetal development and continues on into adolescence. At birth,
the skull and clavicles are not fully ossified nor are the sutures of the skull closed. This allows the skull and
shoulders to deform during passage through the birth canal. The last bones to ossify via intramembranous
ossification are the flat bones of the face, which reach their adult size at the end of the adolescent growth spurt.

Endochondral Ossification

In endochondral ossification, bone develops by replacing hyaline cartilage. Cartilage does not become bone.
Instead, cartilage serves as a template to be completely replaced by new bone. Endochondral ossification takes
much longer than intramembranous ossification. Bones at the base of the skull and long bones form via
endochondral ossification.

In a long bone, for example, at about 6 to 8 weeks after conception, some of the mesenchymal cells differentiate
into chondrocytes (cartilage cells) that form the cartilaginous skeletal precursor of the bones (Figure 6.17a). Soon
after, the perichondrium, a membrane that covers the cartilage, appears Figure 6.17b).
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FIGURE 6.17 Endochondral Ossification Endochondral ossification follows five steps. (a) Mesenchymal cells differentiate into
chondrocytes. (b) The cartilage model of the future bony skeleton and the perichondrium form. (c) Capillaries penetrate cartilage.
Perichondrium transforms into periosteum. Periosteal collar develops. Primary ossification center develops. (d) Cartilage and chondrocytes
continue to grow at ends of the bone. (e) Secondary ossification centers develop. (f) Cartilage remains at epiphyseal (growth) plate and at
joint surface as articular cartilage.

As more matrix is produced, the chondrocytes in the center of the cartilaginous model grow in size. As the matrix
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calcifies, nutrients can no longer reach the chondrocytes. This results in their death and the disintegration of the
surrounding cartilage. Blood vessels invade the resulting spaces, not only enlarging the cavities but also carrying
osteogenic cells with them, many of which will become osteoblasts. These enlarging spaces eventually combine to
become the medullary cavity.

As the cartilage grows, capillaries penetrate it. This penetration initiates the transformation of the perichondrium
into the bone-producing periosteum. Here, the osteoblasts form a periosteal collar of compact bone around the
cartilage of the diaphysis. By the second or third month of fetal life, bone cell development and ossification ramps
up and creates the primary ossification center, a region deep in the periosteal collar where ossification begins
(Figure 6.17c).

While these deep changes are occurring, chondrocytes and cartilage continue to grow at the ends of the bone (the
future epiphyses), which increases the bone’s length at the same time bone is replacing cartilage in the diaphyses.
By the time the fetal skeleton is fully formed, cartilage only remains at the joint surface as articular cartilage and
between the diaphysis and epiphysis as the epiphyseal plate, the latter of which is responsible for the longitudinal
growth of bones. After birth, this same sequence of events (matrix mineralization, death of chondrocytes, invasion of
blood vessels from the periosteum, and seeding with osteogenic cells that become osteoblasts) occurs in the
epiphyseal regions, and each of these centers of activity is referred to as a secondary ossification center (Figure
6.17e).

How Bones Grow in Length

The epiphyseal plate is the area of growth in a long bone. It is a layer of hyaline cartilage where ossification occurs in
immature bones. On the epiphyseal side of the epiphyseal plate, cartilage is formed. On the diaphyseal side,
cartilage is ossified, and the diaphysis grows in length. The epiphyseal plate is composed of four zones of cells and
activity (Figure 6.18). The reserve zone is the region closest to the epiphyseal end of the plate and contains small
chondrocytes within the matrix. These chondrocytes do not participate in bone growth but secure the epiphyseal
plate to the osseous tissue of the epiphysis.
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FIGURE 6.18 Longitudinal Bone Growth The epiphyseal plate is responsible for longitudinal bone growth.

The proliferative zone is the next layer toward the diaphysis and contains stacks of slightly larger chondrocytes. It
makes new chondrocytes (via mitosis) to replace those that die at the diaphyseal end of the plate. Chondrocytes in
the next layer, the zone of maturation and hypertrophy, are older and larger than those in the proliferative zone.
The more mature cells are situated closer to the diaphyseal end of the plate. The longitudinal growth of bone is a
result of cellular division in the proliferative zone and the maturation of cells in the zone of maturation and
hypertrophy.

Most of the chondrocytes in the zone of calcified matrix, the zone closest to the diaphysis, are dead because the
matrix around them has calcified. Capillaries and osteoblasts from the diaphysis penetrate this zone, and the
osteoblasts secrete bone tissue on the remaining calcified cartilage. Thus, the zone of calcified matrix connects the
epiphyseal plate to the diaphysis. A bone grows in length when osseous tissue is added to the diaphysis.

Bones continue to grow in length until early adulthood. The rate of growth is controlled by hormones, which will be
discussed later. When the chondrocytes in the epiphyseal plate cease their proliferation and bone replaces the
cartilage, longitudinal growth stops. All that remains of the epiphyseal plate is the epiphyseal line (Figure 6.19).
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FIGURE 6.19 Progression from Epiphyseal Plate to Epiphyseal Line As a bone matures, the epiphyseal plate progresses to an
epiphyseal line. (a) Epiphyseal plates are visible in a growing bone. (b) Epiphyseal lines are the remnants of epiphyseal plates in a mature
bone.

How Bones Grow in Diameter

While bones are increasing in length, they are also increasing in diameter; growth in diameter can continue even
after longitudinal growth ceases. This is called appositional growth. Osteoclasts resorb old bone that lines the
medullary cavity, while osteoblasts, via intramembranous ossification, produce new bone tissue beneath the
periosteum. The erosion of old bone along the medullary cavity and the deposition of new bone beneath the
periosteum not only increase the diameter of the diaphysis but also increase the diameter of the medullary cavity.
This process is called modeling.

Bone Remodeling

The process in which matrix is resorbed on one surface of a bone and deposited on another is known as bone
modeling. Modeling primarily takes place during a bone’s growth. However, in adult life, bone undergoes
remodeling, in which resorption of old or damaged bone takes place on the same surface where osteoblasts lay
new bone to replace that which is resorbed. Injury, exercise, and other activities lead to remodeling. Those
influences are discussed later in the chapter, but even without injury or exercise, about 5 to 10 percent of the
skeleton is remodeled annually just by destroying old bone and renewing it with fresh bone.

Diseases of the…
Skeletal System Osteogenesis imperfecta (OI) is a genetic disease in which bones do not form properly and
therefore are fragile and break easily. It is also called brittle bone disease. The disease is present from birth and
affects a person throughout life.

The genetic mutation that causes OI affects the body’s production of collagen, one of the critical components of
bone matrix. The severity of the disease can range from mild to severe. Those with the most severe forms of the
disease sustain many more fractures than those with a mild form. Frequent and multiple fractures typically lead
to bone deformities and short stature. Bowing of the long bones and curvature of the spine are also common in
people afflicted with OI. Curvature of the spine makes breathing difficult because the lungs are compressed.

Because collagen is such an important structural protein in many parts of the body, people with OI may also
experience fragile skin, weak muscles, loose joints, easy bruising, frequent nosebleeds, brittle teeth, blue sclera,
and hearing loss. There is no known cure for OI. Treatment focuses on helping the person retain as much
independence as possible while minimizing fractures and maximizing mobility. Toward that end, safe exercises,
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INTERACTIVE LINK

Watch this video (http://openstax.org/l/bonegrows) to see how a bone grows.

6.5 Fractures: Bone Repair
LEARNING OBJECTIVES
By the end of this section, you will be able to:

• Differentiate among the different types of fractures
• Describe the steps involved in bone repair

A fracture is a broken bone. It will heal whether or not a physician resets it in its anatomical position. If the bone is
not reset correctly, the healing process will keep the bone in its deformed position.

When a broken bone is manipulated and set into its natural position without surgery, the procedure is called a
closed reduction. Open reduction requires surgery to expose the fracture and reset the bone. While some fractures
can be minor, others are quite severe and result in grave complications. For example, a fractured diaphysis of the
femur has the potential to release fat globules into the bloodstream. These can become lodged in the capillary beds
of the lungs, leading to respiratory distress and if not treated quickly, death.

Types of Fractures

Fractures are classified by their complexity, location, and other features (Figure 6.20). Table 6.4 outlines common
types of fractures. Some fractures may be described using more than one term because it may have the features of
more than one type (e.g., an open transverse fracture).

like swimming, in which the body is less likely to experience collisions or compressive forces, are recommended.
Braces to support legs, ankles, knees, and wrists are used as needed. Canes, walkers, or wheelchairs can also
help compensate for weaknesses.

When bones do break, casts, splints, or wraps are used. In some cases, metal rods may be surgically implanted
into the long bones of the arms and legs. Research is currently being conducted on using bisphosphonates to
treat OI. Smoking and being overweight are especially risky in people with OI, since smoking is known to
weaken bones, and extra body weight puts additional stress on the bones.
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FIGURE 6.20 Types of Fractures Compare healthy bone with different types of fractures: (a) closed fracture, (b) open fracture, (c)
transverse fracture, (d) spiral fracture, (e) comminuted fracture, (f) impacted fracture, (g) greenstick fracture, and (h) oblique fracture.
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Types of Fractures

Type of fracture Description

Transverse Occurs straight across the long axis of the bone

Oblique Occurs at an angle that is not 90 degrees

Spiral Bone segments are pulled apart as a result of a twisting motion

Comminuted Several breaks result in many small pieces between two large segments

Impacted One fragment is driven into the other, usually as a result of compression

Greenstick A partial fracture in which only one side of the bone is broken

Open (or
compound)

A fracture in which at least one end of the broken bone tears through the skin; carries a high
risk of infection

Closed (or
simple)

A fracture in which the skin remains intact

TABLE 6.4

Bone Repair

When a bone breaks, blood flows from any vessel torn by the fracture. These vessels could be in the periosteum,
osteons, and/or medullary cavity. The blood begins to clot, and about six to eight hours after the fracture, the
clotting blood has formed a fracture hematoma (Figure 6.21a). The disruption of blood flow to the bone results in
the death of bone cells around the fracture.

FIGURE 6.21 Stages in Fracture Repair The healing of a bone fracture follows a series of progressive steps: (a) A fracture hematoma
forms. (b) Internal and external calli form. (c) Cartilage of the calli is replaced by trabecular bone. (d) Remodeling occurs.

Within about 48 hours after the fracture, chondrocytes from the endosteum have created an internal callus (plural
= calli) by secreting a fibrocartilaginous matrix between the two ends of the broken bone, while the periosteal
chondrocytes and osteoblasts create an external callus of hyaline cartilage and bone, respectively, around the
outside of the break (Figure 6.21b). This stabilizes the fracture.

Over the next several weeks, osteoclasts resorb the dead bone; osteogenic cells become active, divide, and
differentiate into osteoblasts. The cartilage in the calli is replaced by trabecular bone via endochondral ossification
(Figure 6.21c).

Eventually, the internal and external calli unite, compact bone replaces spongy bone at the outer margins of the
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fracture, and healing is complete. A slight swelling may remain on the outer surface of the bone, but quite often, that
region undergoes remodeling (Figure 6.21d), and no external evidence of the fracture remains.

INTERACTIVE LINK

Visit this website (http://openstax.org/l/fracturequiz) to review different types of fractures and then take a short
self-assessment quiz.

6.6 Exercise, Nutrition, Hormones, and Bone Tissue
LEARNING OBJECTIVES
By the end of this section, you will be able to:

• Describe the effect exercise has on bone tissue
• List the nutrients that affect bone health
• Discuss the role those nutrients play in bone health
• Describe the effects of hormones on bone tissue

All of the organ systems of your body are interdependent, and the skeletal system is no exception. The food you take
in via your digestive system and the hormones secreted by your endocrine system affect your bones. Even using
your muscles to engage in exercise has an impact on your bones.

Exercise and Bone Tissue

During long space missions, astronauts can lose approximately 1 to 2 percent of their bone mass per month. This
loss of bone mass is thought to be caused by the lack of mechanical stress on astronauts’ bones due to the low
gravitational forces in space. Lack of mechanical stress causes bones to lose mineral salts and collagen fibers, and
thus strength. Similarly, mechanical stress stimulates the deposition of mineral salts and collagen fibers. The
internal and external structure of a bone will change as stress increases or decreases so that the bone is an ideal
size and weight for the amount of activity it endures. That is why people who exercise regularly have thicker bones
than people who are more sedentary. It is also why a broken bone in a cast atrophies while its contralateral mate
maintains its concentration of mineral salts and collagen fibers. The bones undergo remodeling as a result of forces
(or lack of forces) placed on them.

Numerous, controlled studies have demonstrated that people who exercise regularly have greater bone density than
those who are more sedentary. Any type of exercise will stimulate the deposition of more bone tissue, but resistance
training has a greater effect than cardiovascular activities. Resistance training is especially important to slow down
the eventual bone loss due to aging and for preventing osteoporosis.

Nutrition and Bone Tissue

The vitamins and minerals contained in all of the food we consume are important for all of our organ systems.
However, there are certain nutrients that affect bone health.

Calcium and Vitamin D
You already know that calcium is a critical component of bone, especially in the form of calcium phosphate and
calcium carbonate. Since the body cannot make calcium, it must be obtained from the diet. However, calcium
cannot be absorbed from the small intestine without vitamin D. Therefore, intake of vitamin D is also critical to bone
health. In addition to vitamin D’s role in calcium absorption, it also plays a role, though not as clearly understood, in
bone remodeling.

Milk and other dairy foods are not the only sources of calcium. This important nutrient is also found in green leafy
vegetables, broccoli, and intact salmon and canned sardines with their soft bones. Nuts, beans, seeds, and shellfish
provide calcium in smaller quantities.

Except for fatty fish like salmon and tuna, or fortified milk or cereal, vitamin D is not found naturally in many foods.
The action of sunlight on the skin triggers the body to produce its own vitamin D (Figure 6.22), but many people,
especially those of darker complexion and those living in northern latitudes where the sun’s rays are not as strong,
are deficient in vitamin D. In cases of deficiency, a doctor can prescribe a vitamin D supplement.
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FIGURE 6.22 Synthesis of Vitamin D Sunlight is one source of vitamin D.

Other Nutrients
Vitamin K also supports bone mineralization and may have a synergistic role with vitamin D in the regulation of bone
growth. Green leafy vegetables are a good source of vitamin K.

The minerals magnesium and fluoride may also play a role in supporting bone health. While magnesium is only
found in trace amounts in the human body, more than 60 percent of it is in the skeleton, suggesting it plays a role in
the structure of bone. Fluoride can displace the hydroxyl group in bone’s hydroxyapatite crystals and form
fluorapatite. Similar to its effect on dental enamel, fluorapatite helps stabilize and strengthen bone mineral. Fluoride
can also enter spaces within hydroxyapatite crystals, thus increasing their density.

Omega-3 fatty acids have long been known to reduce inflammation in various parts of the body. Inflammation can
interfere with the function of osteoblasts, so consuming omega-3 fatty acids, in the diet or in supplements, may also
help enhance production of new osseous tissue. Table 6.5 summarizes the role of nutrients in bone health.
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Nutrients and Bone Health

Nutrient Role in bone health

Calcium
Needed to make calcium phosphate and calcium carbonate, which form the hydroxyapatite
crystals that give bone its hardness

Vitamin D Needed for calcium absorption

Vitamin K Supports bone mineralization; may have synergistic effect with vitamin D

Magnesium Structural component of bone

Fluoride Structural component of bone

Omega-3 fatty
acids

Reduces inflammation that may interfere with osteoblast function

TABLE 6.5

Hormones and Bone Tissue

The endocrine system produces and secretes hormones, many of which interact with the skeletal system. These
hormones are involved in controlling bone growth, maintaining bone once it is formed, and remodeling it.

Hormones That Influence Osteoblasts and/or Maintain the Matrix
Several hormones are necessary for controlling bone growth and maintaining the bone matrix. The pituitary gland
secretes growth hormone (GH), which, as its name implies, controls bone growth in several ways. It triggers
chondrocyte proliferation in epiphyseal plates, resulting in the increasing length of long bones. GH also increases
calcium retention, which enhances mineralization, and stimulates osteoblastic activity, which improves bone
density.

GH is not alone in stimulating bone growth and maintaining osseous tissue. Thyroxine, a hormone secreted by the
thyroid gland promotes osteoblastic activity and the synthesis of bone matrix. During puberty, the sex hormones
(estrogen and testosterone) also come into play. They too promote osteoblastic activity and production of bone
matrix, and in addition, are responsible for the growth spurt that often occurs during adolescence. They also
promote the conversion of the epiphyseal plate to the epiphyseal line (i.e., cartilage to its bony remnant), thus
bringing an end to the longitudinal growth of bones. Additionally, calcitriol, the active form of vitamin D, is produced
by the kidneys and stimulates the absorption of calcium and phosphate from the digestive tract.

Aging and the...

Skeletal System
Osteoporosis is a disease characterized by a decrease in bone mass that occurs when the rate of bone
resorption exceeds the rate of bone formation, a common occurrence as the body ages. Notice how this is
different from Paget’s disease. In Paget’s disease, new bone is formed in an attempt to keep up with the
resorption by the overactive osteoclasts, but that new bone is produced haphazardly. In fact, when a physician is
evaluating a patient with thinning bone, they will test for osteoporosis and Paget’s disease (as well as other
diseases). Osteoporosis does not have the elevated blood levels of alkaline phosphatase found in Paget’s
disease.
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Hormones That Influence Osteoclasts
Bone modeling and remodeling require osteoclasts to resorb unneeded, damaged, or old bone, and osteoblasts to
lay down new bone. Two hormones that affect the osteoclasts are parathyroid hormone (PTH) and calcitonin.

PTH stimulates osteoclast proliferation and activity. As a result, calcium is released from the bones into the
circulation, thus increasing the calcium ion concentration in the blood. PTH also promotes the reabsorption of
calcium by the kidney tubules, which can affect calcium homeostasis (see below).

The small intestine is also affected by PTH, albeit indirectly. Because another function of PTH is to stimulate the

FIGURE 6.23 Graph Showing Relationship Between Age and Bone Mass Bone density peaks at about 30 years of age. Females
lose bone mass more rapidly than males.

While osteoporosis can involve any bone, it most commonly affects the proximal ends of the femur, vertebrae,
and wrist. As a result of the loss of bone density, the osseous tissue may not provide adequate support for
everyday functions, and something as simple as a sneeze can cause a vertebral fracture. When an elderly person
falls and breaks a hip (really, the femur), it is very likely the femur that broke first, which resulted in the fall.
Histologically, osteoporosis is characterized by a reduction in the thickness of compact bone and the number
and size of trabeculae in cancellous bone.

Figure 6.23 shows that females lose bone mass more quickly than males starting at about 50 years of age. This
occurs because 50 is the approximate age at which females go through menopause. Not only do their menstrual
periods lessen and eventually cease, but their ovaries reduce in size and then cease the production of estrogen,
a hormone that promotes osteoblastic activity and production of bone matrix. Thus, osteoporosis is more
common in females, but males can develop it, too. Anyone with a family history of osteoporosis has a greater
risk of developing the disease, so the best treatment is prevention, which should start with a childhood diet that
includes adequate intake of calcium and vitamin D and a lifestyle that includes weight-bearing exercise. These
actions, as discussed above, are important in building bone mass. Promoting proper nutrition and weight-
bearing exercise early in life can maximize bone mass before the age of 30, thus reducing the risk of
osteoporosis.

For many elderly people, a hip fracture can be life threatening. The fracture itself may not be serious, but the
immobility that comes during the healing process can lead to the formation of blood clots that can lodge in the
capillaries of the lungs, resulting in respiratory failure; pneumonia due to the lack of poor air exchange that
accompanies immobility; pressure sores (bed sores) that allow pathogens to enter the body and cause
infections; and urinary tract infections from catheterization.

Current treatments for managing osteoporosis include bisphosphonates (the same medications often used in
Paget’s disease), calcitonin, and estrogen (for females only). Minimizing the risk of falls, for example, by
removing tripping hazards, is also an important step in managing the potential outcomes from the disease.
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synthesis of vitamin D, and because vitamin D promotes intestinal absorption of calcium, PTH indirectly increases
calcium uptake by the small intestine. Calcitonin, a hormone secreted by the thyroid gland, has some effects that
counteract those of PTH. Calcitonin inhibits osteoclast activity and stimulates calcium uptake by the bones, thus
reducing the concentration of calcium ions in the blood. As evidenced by their opposing functions in maintaining
calcium homeostasis, PTH and calcitonin are generally not secreted at the same time. Table 6.6 summarizes the
hormones that influence the skeletal system.

Hormones That Affect the Skeletal System

Hormone Role

Growth
hormone

Increases length of long bones, enhances mineralization, and improves bone density

Thyroxine Stimulates bone growth and promotes synthesis of bone matrix

Sex
hormones

Promote osteoblastic activity and production of bone matrix; responsible for adolescent growth
spurt; promote conversion of epiphyseal plate to epiphyseal line

Calcitriol Stimulates absorption of calcium and phosphate from digestive tract

Parathyroid
hormone

Stimulates osteoclast proliferation and resorption of bone by osteoclasts; promotes reabsorption
of calcium by kidney tubules; indirectly increases calcium absorption by small intestine

Calcitonin Inhibits osteoclast activity and stimulates calcium uptake by bones

TABLE 6.6

6.7 Calcium Homeostasis: Interactions of the Skeletal System and Other
Organ Systems
LEARNING OBJECTIVES
By the end of this section, you will be able to:

• Describe the effect of too much or too little calcium on the body
• Explain the process of calcium homeostasis

Calcium is not only the most abundant mineral in bone, it is also the most abundant mineral in the human body.
Calcium ions are needed not only for bone mineralization but for tooth health, regulation of the heart rate and
strength of contraction, blood coagulation, contraction of smooth and skeletal muscle cells, and regulation of nerve
impulse conduction. The normal level of calcium in the blood is about 10 mg/dL. When the body cannot maintain
this level, a person will experience hypo- or hypercalcemia.

Hypocalcemia, a condition characterized by abnormally low levels of calcium, can have an adverse effect on a
number of different body systems including circulation, muscles, nerves, and bone. Without adequate calcium,
blood has difficulty coagulating, the heart may skip beats or stop beating altogether, muscles may have difficulty
contracting, nerves may have difficulty functioning, and bones may become brittle. The causes of hypocalcemia can
range from hormonal imbalances to an improper diet. Treatments vary according to the cause, but prognoses are
generally good.

Conversely, in hypercalcemia, a condition characterized by abnormally high levels of calcium, the nervous system is
underactive, which results in lethargy, sluggish reflexes, constipation and loss of appetite, confusion, and in severe
cases, coma.

Obviously, calcium homeostasis is critical. The skeletal, endocrine, and digestive systems play a role in this, but the
kidneys do, too. These body systems work together to maintain a normal calcium level in the blood (Figure 6.24).
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FIGURE 6.24 Pathways in Calcium Homeostasis The body regulates calcium homeostasis with two pathways; one is signaled to turn
on when blood calcium levels drop below normal and one is the pathway that is signaled to turn on when blood calcium levels are elevated.

Calcium is a chemical element that cannot be produced by any biological processes. The only way it can enter the
body is through the diet. The bones act as a storage site for calcium: The body deposits calcium in the bones when
blood levels get too high, and it releases calcium when blood levels drop too low. This process is regulated by PTH,
vitamin D, and calcitonin.

Cells of the parathyroid gland have plasma membrane receptors for calcium. When calcium is not binding to these
receptors, the cells release PTH, which stimulates osteoclast proliferation and resorption of bone by osteoclasts.
This demineralization process releases calcium into the blood. PTH promotes reabsorption of calcium from the urine
by the kidneys, so that the calcium returns to the blood. Finally, PTH stimulates the synthesis of vitamin D, which in
turn, stimulates calcium absorption from any digested food in the small intestine.

When all these processes return blood calcium levels to normal, there is enough calcium to bind with the receptors
on the surface of the cells of the parathyroid glands, and this cycle of events is turned off (Figure 6.24).

When blood levels of calcium get too high, the thyroid gland is stimulated to release calcitonin (Figure 6.24), which
inhibits osteoclast activity and stimulates calcium uptake by the bones, but also decreases reabsorption of calcium
by the kidneys. All of these actions lower blood levels of calcium. When blood calcium levels return to normal, the
thyroid gland stops secreting calcitonin.

220 6 • Bone Tissue and the Skeletal System

Access for free at openstax.org



Key Terms
articular cartilage thin layer of cartilage covering an

epiphysis; reduces friction and acts as a shock
absorber

articulation where two bone surfaces meet
bone hard, dense connective tissue that forms the

structural elements of the skeleton
canaliculi (singular = canaliculus) channels within the

bone matrix that house one of an osteocyte’s many
cytoplasmic extensions that it uses to communicate
and receive nutrients

cartilage semi-rigid connective tissue found on the
skeleton in areas where flexibility and smooth
surfaces support movement

central canal longitudinal channel in the center of
each osteon; contains blood vessels, nerves, and
lymphatic vessels; also known as the Haversian
canal

closed reduction manual manipulation of a broken
bone to set it into its natural position without
surgery

compact bone dense osseous tissue that can
withstand compressive forces

diaphysis tubular shaft that runs between the
proximal and distal ends of a long bone

diploë layer of spongy bone, that is sandwiched
between two the layers of compact bone found in
flat bones

endochondral ossification process in which bone
forms by replacing hyaline cartilage

endosteum delicate membranous lining of a bone’s
medullary cavity

epiphyseal line completely ossified remnant of the
epiphyseal plate

epiphyseal plate (also, growth plate) sheet of hyaline
cartilage in the metaphysis of an immature bone;
replaced by bone tissue as the organ grows in length

epiphysis wide section at each end of a long bone;
filled with spongy bone and red marrow

external callus collar of hyaline cartilage and bone
that forms around the outside of a fracture

flat bone thin and curved bone; serves as a point of
attachment for muscles and protects internal
organs

fracture broken bone
fracture hematoma blood clot that forms at the site

of a broken bone
hematopoiesis production of blood cells, which

occurs in the red marrow of the bones
hole opening or depression in a bone
hypercalcemia condition characterized by

abnormally high levels of calcium
hypocalcemia condition characterized by abnormally

low levels of calcium
internal callus fibrocartilaginous matrix, in the

endosteal region, between the two ends of a broken
bone

intramembranous ossification process by which
bone forms directly from mesenchymal tissue

irregular bone bone of complex shape; protects
internal organs from compressive forces

lacunae (singular = lacuna) spaces in a bone that
house an osteocyte

long bone cylinder-shaped bone that is longer than it
is wide; functions as a lever

medullary cavity hollow region of the diaphysis;
filled with yellow marrow

modeling process, during bone growth, by which
bone is resorbed on one surface of a bone and
deposited on another

nutrient foramen small opening in the middle of the
external surface of the diaphysis, through which an
artery enters the bone to provide nourishment

open reduction surgical exposure of a bone to reset a
fracture

orthopedist doctor who specializes in diagnosing and
treating musculoskeletal disorders and injuries

osseous tissue bone tissue; a hard, dense connective
tissue that forms the structural elements of the
skeleton

ossification (also, osteogenesis) bone formation
ossification center cluster of osteoblasts found in the

early stages of intramembranous ossification
osteoblast cell responsible for forming new bone
osteoclast cell responsible for resorbing bone
osteocyte primary cell in mature bone; responsible

for maintaining the matrix
osteogenic cell undifferentiated cell with high mitotic

activity; the only bone cells that divide; they
differentiate and develop into osteoblasts

osteoid uncalcified bone matrix secreted by
osteoblasts

osteon (also, Haversian system) basic structural unit
of compact bone; made of concentric layers of
calcified matrix

osteoporosis disease characterized by a decrease in
bone mass; occurs when the rate of bone resorption
exceeds the rate of bone formation, a common
occurrence as the body ages

perforating canal (also, Volkmann’s canal) channel
that branches off from the central canal and houses
vessels and nerves that extend to the periosteum
and endosteum

perichondrium membrane that covers cartilage
periosteum fibrous membrane covering the outer
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surface of bone and continuous with ligaments
primary ossification center region, deep in the

periosteal collar, where bone development starts
during endochondral ossification

projection bone markings where part of the surface
sticks out above the rest of the surface, where
tendons and ligaments attach

proliferative zone region of the epiphyseal plate that
makes new chondrocytes to replace those that die
at the diaphyseal end of the plate and contributes to
longitudinal growth of the epiphyseal plate

red marrow connective tissue in the interior cavity of
a bone where hematopoiesis takes place

remodeling process by which osteoclasts resorb old
or damaged bone at the same time as and on the
same surface where osteoblasts form new bone to
replace that which is resorbed

reserve zone region of the epiphyseal plate that
anchors the plate to the osseous tissue of the
epiphysis

secondary ossification center region of bone
development in the epiphyses

sesamoid bone small, round bone embedded in a

tendon; protects the tendon from compressive
forces

short bone cube-shaped bone that is approximately
equal in length, width, and thickness; provides
limited motion

skeletal system organ system composed of bones
and cartilage that provides for movement, support,
and protection

spongy bone (also, cancellous bone) trabeculated
osseous tissue that supports shifts in weight
distribution

trabeculae (singular = trabecula) spikes or sections
of the lattice-like matrix in spongy bone

yellow marrow connective tissue in the interior cavity
of a bone where fat is stored

zone of calcified matrix region of the epiphyseal
plate closest to the diaphyseal end; functions to
connect the epiphyseal plate to the diaphysis

zone of maturation and hypertrophy region of the
epiphyseal plate where chondrocytes from the
proliferative zone grow and mature and contribute
to the longitudinal growth of the epiphyseal plate

Chapter Review
6.1 The Functions of the Skeletal System

The major functions of the bones are body support,
facilitation of movement, protection of internal organs,
storage of minerals and fat, and hematopoiesis.
Together, the muscular system and skeletal system are
known as the musculoskeletal system.

6.2 Bone Classification

Bones can be classified according to their shapes. Long
bones, such as the femur, are longer than they are
wide. Short bones, such as the carpals, are
approximately equal in length, width, and thickness.
Flat bones are thin, but are often curved, such as the
ribs. Irregular bones such as those of the face have no
characteristic shape. Sesamoid bones, such as the
patellae, are small and round, and are located in
tendons.

6.3 Bone Structure

A hollow medullary cavity filled with yellow marrow
runs the length of the diaphysis of a long bone. The
walls of the diaphysis are compact bone. The
epiphyses, which are wider sections at each end of a
long bone, are filled with spongy bone and red marrow.
The epiphyseal plate, a layer of hyaline cartilage, is
replaced by osseous tissue as the organ grows in
length. The medullary cavity has a delicate

membranous lining called the endosteum. The outer
surface of bone, except in regions covered with
articular cartilage, is covered with a fibrous membrane
called the periosteum. Flat bones consist of two layers
of compact bone surrounding a layer of spongy bone.
Bone markings depend on the function and location of
bones. Articulations are places where two bones meet.
Projections stick out from the surface of the bone and
provide attachment points for tendons and ligaments.
Holes are openings or depressions in the bones.

Bone matrix consists of collagen fibers and organic
ground substance, primarily hydroxyapatite formed
from calcium salts. Osteogenic cells develop into
osteoblasts. Osteoblasts are cells that make new bone.
They become osteocytes, the cells of mature bone,
when they get trapped in the matrix. Osteoclasts
engage in bone resorption. Compact bone is dense and
composed of osteons, while spongy bone is less dense
and made up of trabeculae. Blood vessels and nerves
enter the bone through the nutrient foramina to
nourish and innervate bones.

6.4 Bone Formation and Development

All bone formation is a replacement process. Embryos
develop a cartilaginous skeleton and various
membranes. During development, these are replaced
by bone during the ossification process. In
intramembranous ossification, bone develops directly
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from sheets of mesenchymal connective tissue. In
endochondral ossification, bone develops by replacing
hyaline cartilage. Activity in the epiphyseal plate
enables bones to grow in length. Modeling allows
bones to grow in diameter. Remodeling occurs as bone
is resorbed and replaced by new bone. Osteogenesis
imperfecta is a genetic disease in which collagen
production is altered, resulting in fragile, brittle bones.

6.5 Fractures: Bone Repair

Fractured bones may be repaired by closed reduction
or open reduction. Fractures are classified by their
complexity, location, and other features. Common
types of fractures are transverse, oblique, spiral,
comminuted, impacted, greenstick, open (or
compound), and closed (or simple). Healing of
fractures begins with the formation of a hematoma,
followed by internal and external calli. Osteoclasts
resorb dead bone, while osteoblasts create new bone
that replaces the cartilage in the calli. The calli
eventually unite, remodeling occurs, and healing is
complete.

6.6 Exercise, Nutrition, Hormones, and Bone
Tissue

Mechanical stress stimulates the deposition of mineral
salts and collagen fibers within bones. Calcium, the
predominant mineral in bone, cannot be absorbed from
the small intestine if vitamin D is lacking. Vitamin K
supports bone mineralization and may have a
synergistic role with vitamin D. Magnesium and
fluoride, as structural elements, play a supporting role
in bone health. Omega-3 fatty acids reduce
inflammation and may promote production of new

osseous tissue. Growth hormone increases the length
of long bones, enhances mineralization, and improves
bone density. Thyroxine stimulates bone growth and
promotes the synthesis of bone matrix. The sex
hormones (estrogen and testosterone) promote
osteoblastic activity and the production of bone matrix,
are responsible for the adolescent growth spurt, and
promote closure of the epiphyseal plates. Osteoporosis
is a disease characterized by decreased bone mass
that is common in aging adults. Calcitriol stimulates the
digestive tract to absorb calcium and phosphate.
Parathyroid hormone (PTH) stimulates osteoclast
proliferation and resorption of bone by osteoclasts.
Vitamin D plays a synergistic role with PTH in
stimulating the osteoclasts. Additional functions of
PTH include promoting reabsorption of calcium by
kidney tubules and indirectly increasing calcium
absorption from the small intestine. Calcitonin inhibits
osteoclast activity and stimulates calcium uptake by
bones.

6.7 Calcium Homeostasis: Interactions of
the Skeletal System and Other Organ
Systems

Calcium homeostasis, i.e., maintaining a blood calcium
level of about 10 mg/dL, is critical for normal body
functions. Hypocalcemia can result in problems with
blood coagulation, muscle contraction, nerve
functioning, and bone strength. Hypercalcemia can
result in lethargy, sluggish reflexes, constipation and
loss of appetite, confusion, and coma. Calcium
homeostasis is controlled by PTH, vitamin D, and
calcitonin and the interactions of the skeletal,
endocrine, digestive, and urinary systems.

Review Questions
1. Which function of the skeletal system would be

especially important if you were in a car accident?
a. storage of minerals
b. protection of internal organs
c. facilitation of movement
d. fat storage

2. Bone tissue can be described as ________.
a. dead calcified tissue
b. cartilage
c. the skeletal system
d. dense, hard connective tissue

3. Without red marrow, bones would not be able to
________.
a. store phosphate
b. store calcium
c. make blood cells
d. move like levers

4. Yellow marrow has been identified as ________.
a. an area of fat storage
b. a point of attachment for muscles
c. the hard portion of bone
d. the cause of kyphosis
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5. Which of the following can be found in areas of
movement?
a. hematopoiesis
b. cartilage
c. yellow marrow
d. red marrow

6. The skeletal system is made of ________.
a. muscles and tendons
b. bones and cartilage
c. vitreous humor
d. minerals and fat

7. Most of the bones of the arms and hands are long
bones; however, the bones in the wrist are
categorized as ________.
a. flat bones
b. short bones
c. sesamoid bones
d. irregular bones

8. Sesamoid bones are found embedded in ________.
a. joints
b. muscles
c. ligaments
d. tendons

9. Bones that surround the spinal cord are classified
as ________ bones.
a. irregular
b. sesamoid
c. flat
d. short

10. Which category of bone is among the most
numerous in the skeleton?
a. long bone
b. sesamoid bone
c. short bone
d. flat bone

11. Long bones enable body movement by acting as a
________.
a. counterweight
b. resistive force
c. lever
d. fulcrum

12. Which of the following occurs in the spongy bone
of the epiphysis?
a. bone growth
b. bone remodeling
c. hematopoiesis
d. shock absorption

13. The diaphysis contains ________.
a. the metaphysis
b. fat stores
c. spongy bone
d. compact bone

14. The fibrous membrane covering the outer surface
of the bone is the ________.
a. periosteum
b. epiphysis
c. endosteum
d. diaphysis

15. Which of the following are incapable of undergoing
mitosis?
a. osteoblasts and osteoclasts
b. osteocytes and osteoclasts
c. osteoblasts and osteocytes
d. osteogenic cells and osteoclasts

16. Which cells do not originate from osteogenic cells?
a. osteoblasts
b. osteoclasts
c. osteocytes
d. osteoprogenitor cells

17. Which of the following are found in compact bone
and cancellous bone?
a. Haversian systems
b. Haversian canals
c. lamellae
d. lacunae

18. Which of the following are only found in cancellous
bone?
a. canaliculi
b. Volkmann’s canals
c. trabeculae
d. calcium salts

19. The area of a bone where the nutrient foramen
passes forms what kind of bone marking?
a. a hole
b. a facet
c. a canal
d. a fissure

20. Why is cartilage slow to heal?
a. because it eventually develops into bone
b. because it is semi-solid and flexible
c. because it does not have a blood supply
d. because endochondral ossification replaces

all cartilage with bone
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21. Why are osteocytes spread out in bone tissue?
a. They develop from mesenchymal cells.
b. They are surrounded by osteoid.
c. They travel through the capillaries.
d. Formation of osteoid spreads out the

osteoblasts that formed the ossification
centers.

22. In endochondral ossification, what happens to the
chondrocytes?
a. They develop into osteocytes.
b. They die in the calcified matrix that surrounds

them and form the medullary cavity.
c. They grow and form the periosteum.
d. They group together to form the primary

ossification center.

23. Which of the following bones is (are) formed by
intramembranous ossification?
a. the metatarsals
b. the femur
c. the ribs
d. the flat bones of the cranium

24. Bones grow in length due to activity in the
________.
a. epiphyseal plate
b. perichondrium
c. periosteum
d. medullary cavity

25. Bones grow in diameter due to bone formation
________.
a. in the medullary cavity
b. beneath the periosteum
c. in the epiphyseal plate
d. within the metaphysis

26. Which of the following represents the correct
sequence of zones in the epiphyseal plate?
a. proliferation, reserved, maturation,

calcification
b. maturation, proliferation, reserved,

calcification
c. calcification, maturation, proliferation,

reserved
d. calcification, reserved, proliferation,

maturation

27. A fracture can be both ________.
a. open and closed
b. open and transverse
c. transverse and greenstick
d. greenstick and comminuted

28. How can a fractured diaphysis release fat globules
into the bloodstream?
a. The bone pierces fat stores in the skin.
b. The yellow marrow in the diaphysis is

exposed and damaged.
c. The injury triggers the body to release fat

from healthy bones.
d. The red marrow in the fractured bone

releases fat to heal the fracture.

29. In a compound fracture, ________.
a. the break occurs at an angle to the bone
b. the broken bone does not tear the skin
c. one fragment of broken bone is compressed

into the other
d. broken bone pierces the skin

30. The internal and external calli are replaced by
________.
a. hyaline cartilage
b. trabecular bone
c. osteogenic cells
d. osteoclasts

31. The first type of bone to form during fracture
repair is ________ bone.
a. compact
b. lamellar
c. spongy
d. dense

32. Wolff’s law, which describes the effect of
mechanical forces in bone modeling/remodeling,
would predict that ________
a. a right-handed pitcher will have thicker bones

in his right arm compared to his left.
b. a right-handed cyclist will have thicker bones

in her right leg compared to her left.
c. a broken bone will heal thicker than it was

before the fracture.
d. a bed-ridden patient will have thicker bones

than an athlete.

33. Calcium cannot be absorbed from the small
intestine if ________ is lacking.
a. vitamin D
b. vitamin K
c. calcitonin
d. fluoride

34. Which one of the following foods is best for bone
health?
a. carrots
b. liver
c. leafy green vegetables
d. oranges
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35. Which of the following hormones are responsible
for the adolescent growth spurt?
a. estrogen and testosterone
b. calcitonin and calcitriol
c. growth hormone and parathyroid hormone
d. thyroxine and progesterone

36. With respect to their direct effects on osseous
tissue, which pair of hormones has actions that
oppose each other?
a. estrogen and testosterone
b. calcitonin and calcitriol
c. estrogen and progesterone
d. calcitonin and parathyroid hormone

37. When calcium levels are too high or too low, which
body system is primarily affected?
a. skeletal system
b. endocrine system
c. digestive system
d. nervous system

38. All of the following play a role in calcium
homeostasis except
a. thyroxine
b. calcitonin
c. parathyroid hormone
d. vitamin D

39. Which of the following is most likely to be released
when blood calcium levels are elevated?
a. thyroxine
b. calcitonin
c. parathyroid hormone
d. vitamin D

Critical Thinking Questions
40. The skeletal system is composed of bone and

cartilage and has many functions. Choose three of
these functions and discuss what features of the
skeletal system allow it to accomplish these
functions.

41. What are the structural and functional differences
between a tarsal and a metatarsal?

42. What are the structural and functional differences
between the femur and the patella?

43. If the articular cartilage at the end of one of your
long bones were to degenerate, what symptoms
do you think you would experience? Why?

44. In what ways is the structural makeup of compact
and spongy bone well suited to their respective
functions?

45. In what ways do intramembranous and
endochondral ossification differ?

46. Considering how a long bone develops, what are
the similarities and differences between a primary
and a secondary ossification center?

47. What is the difference between closed reduction
and open reduction? In what type of fracture
would closed reduction most likely occur? In what
type of fracture would open reduction most likely
occur?

48. In terms of origin and composition, what are the
differences between an internal callus and an
external callus?

49. If you were a dietician who had a young female
patient with a family history of osteoporosis, what
foods would you suggest she include in her diet?
Why?

50. During the early years of space exploration our
astronauts, who had been floating in space, would
return to earth showing significant bone loss
dependent on how long they were in space.
Discuss how this might happen and what could be
done to alleviate this condition.

51. An individual with very low levels of vitamin D
presents themselves to you complaining of
seemingly fragile bones. Explain how these might
be connected.

52. Describe the effects caused when the parathyroid
gland fails to respond to calcium bound to its
receptors.
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INTRODUCTION

CHAPTER 7
Axial Skeleton

CHAPTER OBJECTIVES
After studying this chapter, you will be able to:

• Describe the functions of the skeletal system and define its two major subdivisions
• Identify the bones and bony structures of the skull, the cranial suture lines, the cranial fossae, and the

openings in the skull
• Discuss the vertebral column and regional variations in its bony components and curvatures
• Describe the components of the thoracic cage
• Discuss the embryonic development of the axial skeleton

The skeletal system forms the rigid internal framework of the body. It consists of the bones,
cartilages, and ligaments. Bones support the weight of the body, allow for body movements, and protect internal
organs. Cartilage provides flexible strength and support for body structures such as the thoracic cage, the external
ear, and the trachea and larynx. At joints of the body, cartilage can also unite adjacent bones or provide cushioning
between them. Ligaments are the strong connective tissue bands that hold the bones at a moveable joint together
and serve to prevent excessive movements of the joint that would result in injury. Providing movement of the
skeleton are the muscles of the body, which are firmly attached to the skeleton via connective tissue structures
called tendons. As muscles contract, they pull on the bones to produce movements of the body. Thus, without a
skeleton, you would not be able to stand, run, or even feed yourself!

Each bone of the body serves a particular function, and therefore bones vary in size, shape, and strength based on
these functions. For example, the bones of the lower back and lower limb are thick and strong to support your body
weight. Similarly, the size of a bony landmark that serves as a muscle attachment site on an individual bone is
related to the strength of this muscle. Muscles can apply very strong pulling forces to the bones of the skeleton. To
resist these forces, bones have enlarged bony landmarks at sites where powerful muscles attach. This means that
not only the size of a bone, but also its shape, is related to its function. For this reason, the identification of bony
landmarks is important during your study of the skeletal system.

Bones are also dynamic organs that can modify their strength and thickness in response to changes in muscle
strength or body weight. Thus, muscle attachment sites on bones will thicken if you begin a workout program that
increases muscle strength. Similarly, the walls of weight-bearing bones will thicken if you gain body weight or begin
pounding the pavement as part of a new running regimen. In contrast, a reduction in muscle strength or body weight
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will cause bones to become thinner. This may happen during a prolonged hospital stay, following limb
immobilization in a cast, or going into the weightlessness of outer space. Even a change in diet, such as eating only
soft food due to the loss of teeth, will result in a noticeable decrease in the size and thickness of the jaw bones.

7.1 Divisions of the Skeletal System
LEARNING OBJECTIVES
By the end of this section, you will be able to:

• Discuss the functions of the skeletal system
• Distinguish between the axial skeleton and appendicular skeleton
• Define the axial skeleton and its components
• Define the appendicular skeleton and its components

The skeletal system includes all of the bones, cartilages, and ligaments of the body that support and give shape to
the body and body structures. The skeleton consists of the bones of the body. For adults, there are 206 bones in the
skeleton. Younger individuals have higher numbers of bones because some bones fuse together during childhood
and adolescence to form an adult bone. The primary functions of the skeleton are to provide a rigid, internal
structure that can support the weight of the body against the force of gravity, and to provide a structure upon which
muscles can act to produce movements of the body. The lower portion of the skeleton is specialized for stability
during walking or running. In contrast, the upper skeleton has greater mobility and ranges of motion, features that
allow you to lift and carry objects or turn your head and trunk.

In addition to providing for support and movements of the body, the skeleton has protective and storage functions.
It protects the internal organs, including the brain, spinal cord, heart, lungs, and pelvic organs. The bones of the
skeleton serve as the primary storage site for important minerals such as calcium and phosphate. The bone marrow
found within bones stores fat and houses the blood-cell producing tissue of the body.

The skeleton is subdivided into two major divisions—the axial and appendicular.

The Axial Skeleton

The skeleton is subdivided into two major divisions—the axial and appendicular. The axial skeleton forms the
vertical, central axis of the body and includes all bones of the head, neck, chest, and back (Figure 7.2). It serves to
protect the brain, spinal cord, heart, and lungs. It also serves as the attachment site for muscles that move the
head, neck, and back, and for muscles that act across the shoulder and hip joints to move their corresponding limbs.

The axial skeleton of the adult consists of 80 bones, including the skull, the vertebral column, and the thoracic
cage. The skull is formed by 22 bones. Also associated with the head are an additional seven bones, including the
hyoid bone and the ear ossicles (three small bones found in each middle ear). The vertebral column consists of 24
bones, each called a vertebra, plus the sacrum and coccyx. The thoracic cage includes the 12 pairs of ribs, and the
sternum, the flattened bone of the anterior chest.
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FIGURE 7.2 Axial and Appendicular Skeleton The axial skeleton supports the head, neck, back, and chest and thus forms the vertical
axis of the body. It consists of the skull, vertebral column (including the sacrum and coccyx), and the thoracic cage, formed by the ribs and
sternum. The appendicular skeleton is made up of all bones of the upper and lower limbs.

The Appendicular Skeleton

The appendicular skeleton includes all bones of the upper and lower limbs, plus the bones that attach each limb to
the axial skeleton. There are 126 bones in the appendicular skeleton of an adult. The bones of the appendicular
skeleton are covered in a separate chapter.

7.2 The Skull
LEARNING OBJECTIVES
By the end of this section, you will be able to:

• List and identify the bones of the brain case and face
• Locate the major suture lines of the skull and name the bones associated with each
• Locate and define the boundaries of the anterior, middle, and posterior cranial fossae, the temporal fossa, and

infratemporal fossa
• Define the paranasal sinuses and identify the location of each
• Name the bones that make up the walls of the orbit and identify the openings associated with the orbit
• Identify the bones and structures that form the nasal septum and nasal conchae, and locate the hyoid bone
• Identify the bony openings of the skull

The cranium (skull) is the skeletal structure of the head that supports the face and protects the brain. It is
subdivided into the facial bones and the brain case, or cranial vault (Figure 7.3). The facial bones underlie the facial
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structures, form the nasal cavity, enclose the eyeballs, and support the teeth of the upper and lower jaws. The
rounded brain case surrounds and protects the brain and houses the middle and inner ear structures.

In the adult, the skull consists of 22 individual bones, 21 of which are immobile and united into a single unit. The
22nd bone is the mandible (lower jaw), which is the only moveable bone of the skull.

FIGURE 7.3 Parts of the Skull The skull consists of the rounded brain case that houses the brain and the facial bones that form the
upper and lower jaws, nose, orbits, and other facial structures.

INTERACTIVE LINK

Watch this video (http://openstax.org/l/skull1) to view a rotating and exploded skull, with color-coded bones. Which
bone (yellow) is centrally located and joins with most of the other bones of the skull?

Anterior View of Skull

The anterior skull consists of the facial bones and provides the bony support for the eyes and structures of the face.
This view of the skull is dominated by the openings of the orbits and the nasal cavity. Also seen are the upper and
lower jaws, with their respective teeth (Figure 7.4).

The orbit is the bony socket that houses the eyeball and muscles that move the eyeball or open the upper eyelid.
The upper margin of the anterior orbit is the supraorbital margin. Located near the midpoint of the supraorbital
margin is a small opening called the supraorbital foramen. This provides for passage of a sensory nerve to the skin
of the forehead. Below the orbit is the infraorbital foramen, which is the point of emergence for a sensory nerve
that supplies the anterior face below the orbit.
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FIGURE 7.4 Anterior View of Skull An anterior view of the skull shows the bones that form the forehead, orbits (eye sockets), nasal
cavity, nasal septum, and upper and lower jaws.

Inside the nasal area of the skull, the nasal cavity is divided into halves by the nasal septum. The upper portion of
the nasal septum is formed by the perpendicular plate of the ethmoid bone and the lower portion is the vomer
bone. Each side of the nasal cavity is triangular in shape, with a broad inferior space that narrows superiorly. When
looking into the nasal cavity from the front of the skull, two bony plates are seen projecting from each lateral wall.
The larger of these is the inferior nasal concha, an independent bone of the skull. Located just above the inferior
concha is the middle nasal concha, which is part of the ethmoid bone. A third bony plate, also part of the ethmoid
bone, is the superior nasal concha. It is much smaller and out of sight, above the middle concha. The superior nasal
concha is located just lateral to the perpendicular plate, in the upper nasal cavity.

Lateral View of Skull

A view of the lateral skull is dominated by the large, rounded brain case above and the upper and lower jaws with
their teeth below (Figure 7.5). Separating these areas is the bridge of bone called the zygomatic arch. The
zygomatic arch is the bony arch on the side of skull that spans from the area of the cheek to just above the ear
canal. It is formed by the junction of two bony processes: a short anterior component, the temporal process of the
zygomatic bone (the cheekbone) and a longer posterior portion, the zygomatic process of the temporal bone,
extending forward from the temporal bone. Thus the temporal process (anteriorly) and the zygomatic process
(posteriorly) join together, like the two ends of a drawbridge, to form the zygomatic arch. One of the major muscles
that pulls the mandible upward during biting and chewing arises from the zygomatic arch.

On the lateral side of the brain case, above the level of the zygomatic arch, is a shallow space called the temporal
fossa. Below the level of the zygomatic arch and deep to the vertical portion of the mandible is another space called
the infratemporal fossa. Both the temporal fossa and infratemporal fossa contain muscles that act on the mandible
during chewing.
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FIGURE 7.5 Lateral View of Skull The lateral skull shows the large rounded brain case, zygomatic arch, and the upper and lower jaws.
The zygomatic arch is formed jointly by the zygomatic process of the temporal bone and the temporal process of the zygomatic bone. The
shallow space above the zygomatic arch is the temporal fossa. The space inferior to the zygomatic arch and deep to the posterior mandible
is the infratemporal fossa.

Bones of the Brain Case

The brain case contains and protects the brain. The interior space that is almost completely occupied by the brain is
called the cranial cavity. This cavity is bounded superiorly by the rounded top of the skull, which is called the
calvaria (skullcap), and the lateral and posterior sides of the skull. The bones that form the top and sides of the
brain case are usually referred to as the “flat” bones of the skull.

The floor of the brain case is referred to as the base of the skull. This is a complex area that varies in depth and has
numerous openings for the passage of cranial nerves, blood vessels, and the spinal cord. Inside the skull, the base is
subdivided into three large spaces, called the anterior cranial fossa, middle cranial fossa, and posterior cranial
fossa (fossa = “trench or ditch”) (Figure 7.6). From anterior to posterior, the fossae increase in depth. The shape and
depth of each fossa corresponds to the shape and size of the brain region that each houses. The boundaries and
openings of the cranial fossae (singular = fossa) will be described in a later section.
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FIGURE 7.6 Cranial Fossae The bones of the brain case surround and protect the brain, which occupies the cranial cavity. The base of
the brain case, which forms the floor of cranial cavity, is subdivided into the shallow anterior cranial fossa, the middle cranial fossa, and the
deep posterior cranial fossa.

The brain case consists of eight bones. These include the paired parietal and temporal bones, plus the unpaired
frontal, occipital, sphenoid, and ethmoid bones.

Parietal Bone
The parietal bone forms most of the upper lateral side of the skull (see Figure 7.5). These are paired bones, with the
right and left parietal bones joining together at the top of the skull. Each parietal bone is also bounded anteriorly by
the frontal bone, inferiorly by the temporal bone, and posteriorly by the occipital bone.

Temporal Bone
The temporal bone forms the lower lateral side of the skull (see Figure 7.5). Common wisdom has it that the
temporal bone (temporal = “time”) is so named because this area of the head (the temple) is where hair typically
first turns gray, indicating the passage of time.

The temporal bone is subdivided into several regions (Figure 7.7). The flattened, upper portion is the squamous
portion of the temporal bone. Below this area and projecting anteriorly is the zygomatic process of the temporal
bone, which forms the posterior portion of the zygomatic arch. Posteriorly is the mastoid portion of the temporal
bone. Projecting inferiorly from this region is a large prominence, the mastoid process, which serves as a muscle
attachment site. The mastoid process can easily be felt on the side of the head just behind your earlobe. On the
interior of the skull, the petrous portion of each temporal bone forms the prominent, diagonally oriented petrous
ridge in the floor of the cranial cavity. Located inside each petrous ridge are small cavities that house the structures
of the middle and inner ears.
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FIGURE 7.7 Temporal Bone A lateral view of the isolated temporal bone shows the squamous, mastoid, and zygomatic portions of the
temporal bone.

Important landmarks of the temporal bone, as shown in Figure 7.8, include the following:

• External acoustic meatus (ear canal)—This is the large opening on the lateral side of the skull that is associated
with the ear.

• Internal acoustic meatus—This opening is located inside the cranial cavity, on the medial side of the petrous
ridge. It connects to the middle and inner ear cavities of the temporal bone.

• Mandibular fossa—This is the deep, oval-shaped depression located on the external base of the skull, just in
front of the external acoustic meatus. The mandible (lower jaw) joins with the skull at this site as part of the
temporomandibular joint, which allows for movements of the mandible during opening and closing of the
mouth.

• Articular tubercle—The smooth ridge located immediately anterior to the mandibular fossa. Both the articular
tubercle and mandibular fossa contribute to the temporomandibular joint, the joint that provides for
movements between the temporal bone of the skull and the mandible.

• Styloid process—Posterior to the mandibular fossa on the external base of the skull is an elongated, downward
bony projection called the styloid process, so named because of its resemblance to a stylus (a pen or writing
tool). This structure serves as an attachment site for several small muscles and for a ligament that supports the
hyoid bone of the neck. (See also Figure 7.7.)

• Stylomastoid foramen—This small opening is located between the styloid process and mastoid process. This is
the point of exit for the cranial nerve that supplies the facial muscles.

• Carotid canal—The carotid canal is a zig-zag shaped tunnel that provides passage through the base of the skull
for one of the major arteries that supplies the brain. Its entrance is located on the outside base of the skull,
anteromedial to the styloid process. The canal then runs anteromedially within the bony base of the skull, and
then turns upward to its exit in the floor of the middle cranial cavity, above the foramen lacerum.
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FIGURE 7.8 External and Internal Views of Base of Skull (a) The hard palate is formed anteriorly by the palatine processes of the
maxilla bones and posteriorly by the horizontal plate of the palatine bones. (b) The complex floor of the cranial cavity is formed by the
frontal, ethmoid, sphenoid, temporal, and occipital bones. The lesser wing of the sphenoid bone separates the anterior and middle cranial
fossae. The petrous ridge (petrous portion of temporal bone) separates the middle and posterior cranial fossae.

Frontal Bone
The frontal bone is the single bone that forms the forehead. At its anterior midline, between the eyebrows, there is
a slight depression called the glabella (see Figure 7.5). The frontal bone also forms the supraorbital margin of the
orbit. Near the middle of this margin, is the supraorbital foramen, the opening that provides passage for a sensory
nerve to the forehead. The frontal bone is thickened just above each supraorbital margin, forming rounded brow
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ridges. These are located just behind your eyebrows and vary in size among individuals, although they are generally
larger in males. Inside the cranial cavity, the frontal bone extends posteriorly. This flattened region forms both the
roof of the orbit below and the floor of the anterior cranial cavity above (see Figure 7.8b).

Occipital Bone
The occipital bone is the single bone that forms the posterior skull and posterior base of the cranial cavity (Figure
7.9; see also Figure 7.8). On its outside surface, at the posterior midline, is a small protrusion called the external
occipital protuberance, which serves as an attachment site for a ligament of the posterior neck. Lateral to either
side of this bump is a superior nuchal line (nuchal = “nape” or “posterior neck”). The nuchal lines represent the
most superior point at which muscles of the neck attach to the skull, with only the scalp covering the skull above
these lines. On the base of the skull, the occipital bone contains the large opening of the foramen magnum, which
allows for passage of the spinal cord as it exits the skull. On either side of the foramen magnum is an oval-shaped
occipital condyle. These condyles form joints with the first cervical vertebra and thus support the skull on top of the
vertebral column.

FIGURE 7.9 Posterior View of Skull This view of the posterior skull shows attachment sites for muscles and joints that support the
skull.

Sphenoid Bone
The sphenoid bone is a single, complex bone of the central skull (Figure 7.10). It serves as a “keystone” bone,
because it joins with almost every other bone of the skull. The sphenoid forms much of the base of the central skull
(see Figure 7.8) and also extends laterally to contribute to the sides of the skull (see Figure 7.5). Inside the cranial
cavity, the right and left lesser wings of the sphenoid bone, which resemble the wings of a flying bird, form the lip
of a prominent ridge that marks the boundary between the anterior and middle cranial fossae. The sella turcica
(“Turkish saddle”) is located at the midline of the middle cranial fossa. This bony region of the sphenoid bone is
named for its resemblance to the horse saddles used by the Ottoman Turks, with a high back and a tall front. The
rounded depression in the floor of the sella turcica is the hypophyseal (pituitary) fossa, which houses the pea-
sized pituitary (hypophyseal) gland. The greater wings of the sphenoid bone extend laterally to either side away
from the sella turcica, where they form the anterior floor of the middle cranial fossa. The greater wing is best seen
on the outside of the lateral skull, where it forms a rectangular area immediately anterior to the squamous portion of
the temporal bone.

On the inferior aspect of the skull, each half of the sphenoid bone forms two thin, vertically oriented bony plates.
These are the medial pterygoid plate and lateral pterygoid plate (pterygoid = “wing-shaped”). The right and left
medial pterygoid plates form the posterior, lateral walls of the nasal cavity. The somewhat larger lateral pterygoid
plates serve as attachment sites for chewing muscles that fill the infratemporal space and act on the mandible.
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FIGURE 7.10 Sphenoid Bone Shown in isolation in (a) superior and (b) posterior views, the sphenoid bone is a single midline bone that
forms the anterior walls and floor of the middle cranial fossa. It has a pair of lesser wings and a pair of greater wings. The sella turcica
surrounds the hypophyseal fossa. Projecting downward are the medial and lateral pterygoid plates. The sphenoid has multiple openings for
the passage of nerves and blood vessels, including the optic canal, superior orbital fissure, foramen rotundum, foramen ovale, and foramen
spinosum.

Ethmoid Bone
The ethmoid bone is a single, midline bone that forms the roof and lateral walls of the upper nasal cavity, the upper
portion of the nasal septum, and contributes to the medial wall of the orbit (Figure 7.11 and Figure 7.12). On the
interior of the skull, the ethmoid also forms a portion of the floor of the anterior cranial cavity (see Figure 7.8b).

Within the nasal cavity, the perpendicular plate of the ethmoid bone forms the upper portion of the nasal septum.
The ethmoid bone also forms the lateral walls of the upper nasal cavity. Extending from each lateral wall are the
superior nasal concha and middle nasal concha, which are thin, curved projections that extend into the nasal cavity
(Figure 7.13).

In the cranial cavity, the ethmoid bone forms a small area at the midline in the floor of the anterior cranial fossa.
This region also forms the narrow roof of the underlying nasal cavity. This portion of the ethmoid bone consists of
two parts, the crista galli and cribriform plates. The crista galli (“rooster’s comb or crest”) is a small upward bony
projection located at the midline. It functions as an anterior attachment point for one of the covering layers of the
brain. To either side of the crista galli is the cribriform plate (cribrum = “sieve”), a small, flattened area with
numerous small openings termed olfactory foramina. Small nerve branches from the olfactory areas of the nasal
cavity pass through these openings to enter the brain.

The lateral portions of the ethmoid bone are located between the orbit and upper nasal cavity, and thus form the
lateral nasal cavity wall and a portion of the medial orbit wall. Located inside this portion of the ethmoid bone are
several small, air-filled spaces that are part of the paranasal sinus system of the skull.
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FIGURE 7.11 Sagittal Section of Skull This midline view of the sagittally sectioned skull shows the nasal septum.

FIGURE 7.12 Ethmoid Bone The unpaired ethmoid bone is located at the midline within the central skull. It has an upward projection,
the crista galli, and a downward projection, the perpendicular plate, which forms the upper nasal septum. The cribriform plates form both
the roof of the nasal cavity and a portion of the anterior cranial fossa floor. The lateral sides of the ethmoid bone form the lateral walls of the
upper nasal cavity, part of the medial orbit wall, and give rise to the superior and middle nasal conchae. The ethmoid bone also contains the
ethmoid air cells.
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FIGURE 7.13 Lateral Wall of Nasal Cavity The three nasal conchae are curved bones that project from the lateral walls of the nasal
cavity. The superior nasal concha and middle nasal concha are parts of the ethmoid bone. The inferior nasal concha is an independent bone
of the skull.

Sutures of the Skull

A suture is an immobile joint between adjacent bones of the skull. The narrow gap between the bones is filled with
dense, fibrous connective tissue that unites the bones. The long sutures located between the bones of the brain
case are not straight, but instead follow irregular, tightly twisting paths. These twisting lines serve to tightly interlock
the adjacent bones, thus adding strength to the skull for brain protection.

The two suture lines seen on the top of the skull are the coronal and sagittal sutures. The coronal suture runs from
side to side across the skull, within the coronal plane of section (see Figure 7.5). It joins the frontal bone to the right
and left parietal bones. The sagittal suture extends posteriorly from the coronal suture, running along the midline at
the top of the skull in the sagittal plane of section (see Figure 7.9). It unites the right and left parietal bones. On the
posterior skull, the sagittal suture terminates by joining the lambdoid suture. The lambdoid suture extends
downward and laterally to either side away from its junction with the sagittal suture. The lambdoid suture joins the
occipital bone to the right and left parietal and temporal bones. This suture is named for its upside-down "V" shape,
which resembles the capital letter version of the Greek letter lambda (Λ). The squamous suture is located on the
lateral skull. It unites the squamous portion of the temporal bone with the parietal bone (see Figure 7.5). At the
intersection of four bones is the pterion, a small, capital-H-shaped suture line region that unites the frontal bone,
parietal bone, squamous portion of the temporal bone, and greater wing of the sphenoid bone. It is the weakest part
of the skull. The pterion is located approximately two finger widths above the zygomatic arch and a thumb’s width
posterior to the upward portion of the zygomatic bone.

Disorders of the...

Skeletal System
Head and traumatic brain injuries are major causes of immediate death and disability, with bleeding and
infections as possible additional complications. According to the Centers for Disease Control and Prevention
(2010), approximately 30 percent of all injury-related deaths in the United States are caused by head injuries.
The majority of head injuries involve falls. They are most common among young children (ages 0–4 years),
adolescents (15–19 years), and the elderly (over 65 years). Additional causes vary, but prominent among these
are automobile and motorcycle accidents.
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INTERACTIVE LINK

View this animation (http://openstax.org/l/headblow) to see how a blow to the head may produce a contrecoup
(counterblow) fracture of the basilar portion of the occipital bone on the base of the skull. Why may a basilar
fracture be life threatening?

Facial Bones of the Skull

The facial bones of the skull form the upper and lower jaws, the nose, nasal cavity and nasal septum, and the orbit.
The facial bones include 14 bones, with six paired bones and two unpaired bones. The paired bones are the maxilla,
palatine, zygomatic, nasal, lacrimal, and inferior nasal conchae bones. The unpaired bones are the vomer and
mandible bones. Although classified with the brain-case bones, the ethmoid bone also contributes to the nasal
septum and the walls of the nasal cavity and orbit.

Maxillary Bone
The maxillary bone, often referred to simply as the maxilla (plural = maxillae), is one of a pair that together form the
upper jaw, much of the hard palate, the medial floor of the orbit, and the lateral base of the nose (see Figure 7.4).
The curved, inferior margin of the maxillary bone that forms the upper jaw and contains the upper teeth is the
alveolar process of the maxilla (Figure 7.14). Each tooth is anchored into a deep socket called an alveolus. On the
anterior maxilla, just below the orbit, is the infraorbital foramen. This is the point of exit for a sensory nerve that
supplies the nose, upper lip, and anterior cheek. On the inferior skull, the palatine process from each maxillary
bone can be seen joining together at the midline to form the anterior three-quarters of the hard palate (see Figure
7.8a). The hard palate is the bony plate that forms the roof of the mouth and floor of the nasal cavity, separating the
oral and nasal cavities.

Strong blows to the brain-case portion of the skull can produce fractures. These may result in bleeding inside
the skull with subsequent injury to the brain. The most common is a linear skull fracture, in which fracture lines
radiate from the point of impact. Other fracture types include a comminuted fracture, in which the bone is
broken into several pieces at the point of impact, or a depressed fracture, in which the fractured bone is pushed
inward. In a contrecoup (counterblow) fracture, the bone at the point of impact is not broken, but instead a
fracture occurs on the opposite side of the skull. Fractures of the occipital bone at the base of the skull can
occur in this manner, producing a basilar fracture that can damage the artery that passes through the carotid
canal.

A blow to the lateral side of the head may fracture the bones of the pterion. The pterion is an important clinical
landmark because located immediately deep to it on the inside of the skull is a major branch of an artery that
supplies the skull and covering layers of the brain. A strong blow to this region can fracture the bones around the
pterion. If the underlying artery is damaged, bleeding can cause the formation of a hematoma (collection of
blood) between the brain and interior of the skull. As blood accumulates, it will put pressure on the brain.
Symptoms associated with a hematoma may not be apparent immediately following the injury, but if untreated,
blood accumulation will exert increasing pressure on the brain and can result in death within a few hours.
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FIGURE 7.14 Maxillary Bone The maxillary bone forms the upper jaw and supports the upper teeth. Each maxilla also forms the lateral
floor of each orbit and the majority of the hard palate.

Palatine Bone
The palatine bone is one of a pair of irregularly shaped bones that contribute small areas to the lateral walls of the
nasal cavity and the medial wall of each orbit. The largest region of each of the palatine bone is the horizontal plate.
The plates from the right and left palatine bones join together at the midline to form the posterior quarter of the
hard palate (see Figure 7.8a). Thus, the palatine bones are best seen in an inferior view of the skull and hard palate.

HOMEOSTATIC IMBALANCES

Cleft Lip and Cleft Palate
During embryonic development, the right and left maxilla bones come together at the midline to form the upper jaw.
At the same time, the muscle and skin overlying these bones join together to form the upper lip. Inside the mouth,
the palatine processes of the maxilla bones, along with the horizontal plates of the right and left palatine bones, join
together to form the hard palate. If an error occurs in these developmental processes, a birth defect of cleft lip or
cleft palate may result.

Cleft lip is a common development defect that affects approximately 1:1000 births, most of which are male. This
defect involves a partial or complete failure of the right and left portions of the upper lip to fuse together, leaving a
cleft (gap).

A more severe developmental defect is cleft palate, which affects the hard palate. The hard palate is the bony
structure that separates the nasal cavity from the oral cavity. It is formed during embryonic development by the
midline fusion of the horizontal plates from the right and left palatine bones and the palatine processes of the
maxilla bones. Cleft palate affects approximately 1:2500 births and is more common in females. It results from a
failure of the two halves of the hard palate to completely come together and fuse at the midline, thus leaving a gap
between them. This gap allows for communication between the nasal and oral cavities. In severe cases, the bony
gap continues into the anterior upper jaw where the alveolar processes of the maxilla bones also do not properly
join together above the front teeth. If this occurs, a cleft lip will also be seen. Because of the communication
between the oral and nasal cavities, a cleft palate makes it very difficult for an infant to generate the suckling
needed for nursing, thus leaving the infant at risk for malnutrition. Surgical repair is required to correct cleft palate
defects.
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Zygomatic Bone
The zygomatic bone is also known as the cheekbone. Each of the paired zygomatic bones forms much of the lateral
wall of the orbit and the lateral-inferior margins of the anterior orbital opening (see Figure 7.4). The short temporal
process of the zygomatic bone projects posteriorly, where it forms the anterior portion of the zygomatic arch (see
Figure 7.5).

Nasal Bone
The nasal bone is one of two small bones that articulate (join) with each other to form the bony base (bridge) of the
nose. They also support the cartilages that form the lateral walls of the nose (see Figure 7.11). These are the bones
that are damaged when the nose is broken.

Lacrimal Bone
Each lacrimal bone is a small, rectangular bone that forms the anterior, medial wall of the orbit (see Figure 7.4 and
Figure 7.5). The anterior portion of the lacrimal bone forms a shallow depression called the lacrimal fossa, and
extending inferiorly from this is the nasolacrimal canal. The lacrimal fluid (tears of the eye), which serves to
maintain the moist surface of the eye, drains at the medial corner of the eye into the nasolacrimal canal. This duct
then extends downward to open into the nasal cavity, behind the inferior nasal concha. In the nasal cavity, the
lacrimal fluid normally drains posteriorly, but with an increased flow of tears due to crying or eye irritation, some
fluid will also drain anteriorly, thus causing a runny nose.

Inferior Nasal Conchae
The right and left inferior nasal conchae form a curved bony plate that projects into the nasal cavity space from the
lower lateral wall (see Figure 7.13). The inferior concha is the largest of the nasal conchae and can easily be seen
when looking into the anterior opening of the nasal cavity.

Vomer Bone
The unpaired vomer bone, often referred to simply as the vomer, is triangular-shaped and forms the posterior-
inferior part of the nasal septum (see Figure 7.11). The vomer is best seen when looking from behind into the
posterior openings of the nasal cavity (see Figure 7.8a). In this view, the vomer is seen to form the entire height of
the nasal septum. A much smaller portion of the vomer can also be seen when looking into the anterior opening of
the nasal cavity.

Mandible
The mandible forms the lower jaw and is the only moveable bone of the skull. At the time of birth, the mandible
consists of paired right and left bones, but these fuse together during the first year to form the single U-shaped
mandible of the adult skull. Each side of the mandible consists of a horizontal body and posteriorly, a vertically
oriented ramus of the mandible (ramus = “branch”). The outside margin of the mandible, where the body and
ramus come together is called the angle of the mandible (Figure 7.15).

The ramus on each side of the mandible has two upward-going bony projections. The more anterior projection is the
flattened coronoid process of the mandible, which provides attachment for one of the biting muscles. The posterior
projection is the condylar process of the mandible, which is topped by the oval-shaped condyle. The condyle of
the mandible articulates (joins) with the mandibular fossa and articular tubercle of the temporal bone. Together
these articulations form the temporomandibular joint, which allows for opening and closing of the mouth (see Figure
7.5). The broad U-shaped curve located between the coronoid and condylar processes is the mandibular notch.

Important landmarks for the mandible include the following:

• Alveolar process of the mandible—This is the upper border of the mandibular body and serves to anchor the
lower teeth.

• Mental protuberance—The forward projection from the inferior margin of the anterior mandible that forms the
chin (mental = “chin”).

• Mental foramen—The opening located on each side of the anterior-lateral mandible, which is the exit site for a
sensory nerve that supplies the chin.

• Mylohyoid line—This bony ridge extends along the inner aspect of the mandibular body (see Figure 7.11). The
muscle that forms the floor of the oral cavity attaches to the mylohyoid lines on both sides of the mandible.

• Mandibular foramen—This opening is located on the medial side of the ramus of the mandible. The opening
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leads into a tunnel that runs down the length of the mandibular body. The sensory nerve and blood vessels that
supply the lower teeth enter the mandibular foramen and then follow this tunnel. Thus, to numb the lower teeth
prior to dental work, the dentist must inject anesthesia into the lateral wall of the oral cavity at a point prior to
where this sensory nerve enters the mandibular foramen.

• Lingula—This small flap of bone is named for its shape (lingula = “little tongue”). It is located immediately next
to the mandibular foramen, on the medial side of the ramus. A ligament that anchors the mandible during
opening and closing of the mouth extends down from the base of the skull and attaches to the lingula.

FIGURE 7.15 Isolated Mandible The mandible is the only moveable bone of the skull.

The Orbit

The orbit is the bony socket that houses the eyeball and contains the muscles that move the eyeball or open the
upper eyelid. Each orbit is cone-shaped, with a narrow posterior region that widens toward the large anterior
opening. To help protect the eye, the bony margins of the anterior opening are thickened and somewhat constricted.
The medial walls of the two orbits are parallel to each other but each lateral wall diverges away from the midline at a
45° angle. This divergence provides greater lateral peripheral vision.

The walls of each orbit include contributions from seven skull bones (Figure 7.16). The frontal bone forms the roof
and the zygomatic bone forms the lateral wall and lateral floor. The medial floor is primarily formed by the maxilla,
with a small contribution from the palatine bone. The ethmoid bone and lacrimal bone make up much of the medial
wall and the sphenoid bone forms the posterior orbit.

At the posterior apex of the orbit is the opening of the optic canal, which allows for passage of the optic nerve from
the retina to the brain. Lateral to this is the elongated and irregularly shaped superior orbital fissure, which provides
passage for the artery that supplies the eyeball, sensory nerves, and the nerves that supply the muscles involved in
eye movements.
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FIGURE 7.16 Bones of the Orbit Seven skull bones contribute to the walls of the orbit. Opening into the posterior orbit from the cranial
cavity are the optic canal and superior orbital fissure.

The Nasal Septum and Nasal Conchae

The nasal septum consists of both bone and cartilage components (Figure 7.17; see also Figure 7.11). The upper
portion of the septum is formed by the perpendicular plate of the ethmoid bone. The lower and posterior parts of the
septum are formed by the triangular-shaped vomer bone. In an anterior view of the skull, the perpendicular plate of
the ethmoid bone is easily seen inside the nasal opening as the upper nasal septum, but only a small portion of the
vomer is seen as the inferior septum. A better view of the vomer bone is seen when looking into the posterior nasal
cavity with an inferior view of the skull, where the vomer forms the full height of the nasal septum. The anterior
nasal septum is formed by the septal cartilage, a flexible plate that fills in the gap between the perpendicular plate
of the ethmoid and vomer bones. This cartilage also extends outward into the nose where it separates the right and
left nostrils. The septal cartilage is not found in the dry skull.

Attached to the lateral wall on each side of the nasal cavity are the superior, middle, and inferior nasal conchae
(singular = concha), which are named for their positions (see Figure 7.13). These are bony plates that curve
downward as they project into the space of the nasal cavity. They serve to swirl the incoming air, which helps to
warm and moisturize it before the air moves into the delicate air sacs of the lungs. This also allows mucus, secreted
by the tissue lining the nasal cavity, to trap incoming dust, pollen, bacteria, and viruses. The largest of the conchae is
the inferior nasal concha, which is an independent bone of the skull. The middle concha and the superior conchae,
which is the smallest, are both formed by the ethmoid bone. When looking into the anterior nasal opening of the
skull, only the inferior and middle conchae can be seen. The small superior nasal concha is well hidden above and
behind the middle concha.
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FIGURE 7.17 Nasal Septum The nasal septum is formed by the perpendicular plate of the ethmoid bone and the vomer bone. The
septal cartilage fills the gap between these bones and extends into the nose.

Cranial Fossae

Inside the skull, the floor of the cranial cavity is subdivided into three cranial fossae (spaces), which increase in
depth from anterior to posterior (see Figure 7.6, Figure 7.8b, and Figure 7.11). Since the brain occupies these areas,
the shape of each conforms to the shape of the brain regions that it contains. Each cranial fossa has anterior and
posterior boundaries and is divided at the midline into right and left areas by a significant bony structure or opening.

Anterior Cranial Fossa
The anterior cranial fossa is the most anterior and the shallowest of the three cranial fossae. It overlies the orbits
and contains the frontal lobes of the brain. Anteriorly, the anterior fossa is bounded by the frontal bone, which also
forms the majority of the floor for this space. The lesser wings of the sphenoid bone form the prominent ledge that
marks the boundary between the anterior and middle cranial fossae. Located in the floor of the anterior cranial fossa
at the midline is a portion of the ethmoid bone, consisting of the upward projecting crista galli and to either side of
this, the cribriform plates.

Middle Cranial Fossa
The middle cranial fossa is deeper and situated posterior to the anterior fossa. It extends from the lesser wings of
the sphenoid bone anteriorly, to the petrous ridges (petrous portion of the temporal bones) posteriorly. The large,
diagonally positioned petrous ridges give the middle cranial fossa a butterfly shape, making it narrow at the midline
and broad laterally. The temporal lobes of the brain occupy this fossa. The middle cranial fossa is divided at the
midline by the upward bony prominence of the sella turcica, a part of the sphenoid bone. The middle cranial fossa
has several openings for the passage of blood vessels and cranial nerves (see Figure 7.8).

Openings in the middle cranial fossa are as follows:

• Optic canal—This opening is located at the anterior lateral corner of the sella turcica. It provides for passage of
the optic nerve into the orbit.

• Superior orbital fissure—This large, irregular opening into the posterior orbit is located on the anterior wall of
the middle cranial fossa, lateral to the optic canal and under the projecting margin of the lesser wing of the
sphenoid bone. Nerves to the eyeball and associated muscles, and sensory nerves to the forehead pass through
this opening.
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• Foramen rotundum—This rounded opening (rotundum = “round”) is located in the floor of the middle cranial
fossa, just inferior to the superior orbital fissure. It is the exit point for a major sensory nerve that supplies the
cheek, nose, and upper teeth.

• Foramen ovale of the middle cranial fossa—This large, oval-shaped opening in the floor of the middle cranial
fossa provides passage for a major sensory nerve to the lateral head, cheek, chin, and lower teeth.

• Foramen spinosum—This small opening, located posterior-lateral to the foramen ovale, is the entry point for an
important artery that supplies the covering layers surrounding the brain. The branching pattern of this artery
forms readily visible grooves on the internal surface of the skull and these grooves can be traced back to their
origin at the foramen spinosum.

• Carotid canal—This is the zig-zag passageway through which a major artery to the brain enters the skull. The
entrance to the carotid canal is located on the inferior aspect of the skull, anteromedial to the styloid process
(see Figure 7.8a). From here, the canal runs anteromedially within the bony base of the skull. Just above the
foramen lacerum, the carotid canal opens into the middle cranial cavity, near the posterior-lateral base of the
sella turcica.

• Foramen lacerum—This irregular opening is located in the base of the skull, immediately inferior to the exit of
the carotid canal. This opening is an artifact of the dry skull, because in life it is completely filled with cartilage.
All the openings of the skull that provide for passage of nerves or blood vessels have smooth margins; the word
lacerum (“ragged” or “torn”) tells us that this opening has ragged edges and thus nothing passes through it.

Posterior Cranial Fossa
The posterior cranial fossa is the most posterior and deepest portion of the cranial cavity. It contains the cerebellum
of the brain. The posterior fossa is bounded anteriorly by the petrous ridges, while the occipital bone forms the floor
and posterior wall. It is divided at the midline by the large foramen magnum (“great aperture”), the opening that
provides for passage of the spinal cord.

Located on the medial wall of the petrous ridge in the posterior cranial fossa is the internal acoustic meatus (see
Figure 7.11). This opening provides for passage of the nerve from the hearing and equilibrium organs of the inner
ear, and the nerve that supplies the muscles of the face. Located at the anterior-lateral margin of the foramen
magnum is the hypoglossal canal. These emerge on the inferior aspect of the skull at the base of the occipital
condyle and provide passage for an important nerve to the tongue.

Immediately inferior to the internal acoustic meatus is the large, irregularly shaped jugular foramen (see Figure
7.8a). Several cranial nerves from the brain exit the skull via this opening. It is also the exit point through the base of
the skull for all the venous return blood leaving the brain. The venous structures that carry blood inside the skull
form large, curved grooves on the inner walls of the posterior cranial fossa, which terminate at each jugular foramen.

Paranasal Sinuses

The paranasal sinuses are hollow, air-filled spaces located within certain bones of the skull (Figure 7.18). All of the
sinuses communicate with the nasal cavity (paranasal = “next to nasal cavity”) and are lined with nasal mucosa.
They serve to reduce bone mass and thus lighten the skull, and they also add resonance to the voice. This second
feature is most obvious when you have a cold or sinus congestion. These produce swelling of the mucosa and
excess mucus production, which can obstruct the narrow passageways between the sinuses and the nasal cavity,
causing your voice to sound different to yourself and others. This blockage can also allow the sinuses to fill with
fluid, with the resulting pressure producing pain and discomfort.

The paranasal sinuses are named for the skull bone that each occupies. The frontal sinus is located just above the
eyebrows, within the frontal bone (see Figure 7.17). This irregular space may be divided at the midline into bilateral
spaces, or these may be fused into a single sinus space. The frontal sinus is the most anterior of the paranasal
sinuses. The largest sinus is the maxillary sinus. These are paired and located within the right and left maxillary
bones, where they occupy the area just below the orbits. The maxillary sinuses are most commonly involved during
sinus infections. Because their connection to the nasal cavity is located high on their medial wall, they are difficult to
drain. The sphenoid sinus is a single, midline sinus. It is located within the body of the sphenoid bone, just anterior
and inferior to the sella turcica, thus making it the most posterior of the paranasal sinuses. The lateral aspects of the
ethmoid bone contain multiple small spaces separated by very thin bony walls. Each of these spaces is called an
ethmoid air cell. These are located on both sides of the ethmoid bone, between the upper nasal cavity and medial
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orbit, just behind the superior nasal conchae.

FIGURE 7.18 Paranasal Sinuses The paranasal sinuses are hollow, air-filled spaces named for the skull bone that each occupies. The
most anterior is the frontal sinus, located in the frontal bone above the eyebrows. The largest are the maxillary sinuses, located in the right
and left maxillary bones below the orbits. The most posterior is the sphenoid sinus, located in the body of the sphenoid bone, under the
sella turcica. The ethmoid air cells are multiple small spaces located in the right and left sides of the ethmoid bone, between the medial
wall of the orbit and lateral wall of the upper nasal cavity.

Hyoid Bone

The hyoid bone is an independent bone that does not contact any other bone and thus is not part of the skull (Figure
7.19). It is a small U-shaped bone located in the upper neck near the level of the inferior mandible, with the tips of
the “U” pointing posteriorly. The hyoid serves as the base for the tongue above, and is attached to the larynx below
and the pharynx posteriorly. The hyoid is held in position by a series of small muscles that attach to it either from
above or below. These muscles act to move the hyoid up/down or forward/back. Movements of the hyoid are
coordinated with movements of the tongue, larynx, and pharynx during swallowing and speaking.
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FIGURE 7.19 Hyoid Bone The hyoid bone is located in the upper neck and does not join with any other bone. It provides attachments
for muscles that act on the tongue, larynx, and pharynx.

7.3 The Vertebral Column
LEARNING OBJECTIVES
By the end of this section, you will be able to:

• Describe each region of the vertebral column and the number of bones in each region
• Discuss the curves of the vertebral column and how these change after birth
• Describe a typical vertebra and determine the distinguishing characteristics for vertebrae in each vertebral

region and features of the sacrum and the coccyx
• Define the structure of an intervertebral disc
• Determine the location of the ligaments that provide support for the vertebral column

The vertebral column is also known as the spinal column or spine (Figure 7.20). It consists of a sequence of
vertebrae (singular = vertebra), each of which is separated and united by an intervertebral disc. Together, the
vertebrae and intervertebral discs form the vertebral column. It is a flexible column that supports the head, neck,
and body and allows for their movements. It also protects the spinal cord, which passes down the back through
openings in the vertebrae.
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FIGURE 7.20 Vertebral Column The adult vertebral column consists of 24 vertebrae, plus the sacrum and coccyx. The vertebrae are
divided into three regions: cervical C1–C7 vertebrae, thoracic T1–T12 vertebrae, and lumbar L1–L5 vertebrae. The vertebral column is
curved, with two primary curvatures (thoracic and sacrococcygeal curves) and two secondary curvatures (cervical and lumbar curves).

Regions of the Vertebral Column

The vertebral column originally develops as a series of 33 vertebrae, but this number is eventually reduced to 24
vertebrae, plus the sacrum and coccyx. The vertebral column is subdivided into five regions, with the vertebrae in
each area named for that region and numbered in descending order. In the neck, there are seven cervical vertebrae,
each designated with the letter “C” followed by its number. Superiorly, the C1 vertebra articulates (forms a joint)
with the occipital condyles of the skull. Inferiorly, C1 articulates with the C2 vertebra, and so on. Below these are
the 12 thoracic vertebrae, designated T1–T12. The lower back contains the L1–L5 lumbar vertebrae. The single
sacrum, which is also part of the pelvis, is formed by the fusion of five sacral vertebrae. Similarly, the coccyx, or
tailbone, results from the fusion of four small coccygeal vertebrae. However, the sacral and coccygeal fusions do not
start until age 20 and are not completed until middle age.

An interesting anatomical fact is that almost all mammals have seven cervical vertebrae, regardless of body size.
This means that there are large variations in the size of cervical vertebrae, ranging from the very small cervical
vertebrae of a shrew to the greatly elongated vertebrae in the neck of a giraffe. In a full-grown giraffe, each cervical
vertebra is 11 inches tall.

Curvatures of the Vertebral Column

The adult vertebral column does not form a straight line, but instead has four curvatures along its length (see Figure
7.20). These curves increase the vertebral column’s strength, flexibility, and ability to absorb shock. When the load
on the spine is increased, by carrying a heavy backpack for example, the curvatures increase in depth (become more
curved) to accommodate the extra weight. They then spring back when the weight is removed. The four adult
curvatures are classified as either primary or secondary curvatures. Primary curves are retained from the original
fetal curvature, while secondary curvatures develop after birth.
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During fetal development, the body is flexed anteriorly into the fetal position, giving the entire vertebral column a
single curvature that is concave anteriorly. In the adult, this fetal curvature is retained in two regions of the vertebral
column as the thoracic curve, which involves the thoracic vertebrae, and the sacrococcygeal curve, formed by the
sacrum and coccyx. Each of these is thus called a primary curve because they are retained from the original fetal
curvature of the vertebral column.

A secondary curve develops gradually after birth as the child learns to sit upright, stand, and walk. Secondary
curves are concave posteriorly, opposite in direction to the original fetal curvature. The cervical curve of the neck
region develops as the infant begins to hold their head upright when sitting. Later, as the child begins to stand and
then to walk, the lumbar curve of the lower back develops. In adults, the lumbar curve is generally deeper in
females.

Disorders associated with the curvature of the spine include kyphosis (an excessive posterior curvature of the
thoracic region), lordosis (an excessive anterior curvature of the lumbar region), and scoliosis (an abnormal, lateral
curvature, accompanied by twisting of the vertebral column).

Disorders of the...

Vertebral Column
Developmental anomalies, pathological changes, or obesity can enhance the normal vertebral column curves,
resulting in the development of abnormal or excessive curvatures (Figure 7.21). Kyphosis, also referred to as
humpback or hunchback, is an excessive posterior curvature of the thoracic region. This can develop when
osteoporosis causes weakening and erosion of the anterior portions of the upper thoracic vertebrae, resulting in
their gradual collapse (Figure 7.22). Lordosis, or swayback, is an excessive anterior curvature of the lumbar
region and is most commonly associated with obesity or late pregnancy. The accumulation of body weight in the
abdominal region results an anterior shift in the line of gravity that carries the weight of the body. This causes in
an anterior tilt of the pelvis and a pronounced enhancement of the lumbar curve.

Scoliosis is an abnormal, lateral curvature, accompanied by twisting of the vertebral column. Compensatory
curves may also develop in other areas of the vertebral column to help maintain the head positioned over the
feet. Scoliosis is the most common vertebral abnormality among girls. The cause is usually unknown, but it may
result from weakness of the back muscles, defects such as differential growth rates in the right and left sides of
the vertebral column, or differences in the length of the lower limbs. When present, scoliosis tends to get worse
during adolescent growth spurts. Although most individuals do not require treatment, a back brace may be
recommended for growing children. In extreme cases, surgery may be required.

Excessive vertebral curves can be identified while an individual stands in the anatomical position. Observe the
vertebral profile from the side and then from behind to check for kyphosis or lordosis. Then have the person
bend forward. If scoliosis is present, an individual will have difficulty in bending directly forward, and the right
and left sides of the back will not be level with each other in the bent position.

FIGURE 7.21 Abnormal Curvatures of the Vertebral Column (a) Scoliosis is an abnormal lateral bending of the vertebral column.
(b) An excessive curvature of the upper thoracic vertebral column is called kyphosis. (c) Lordosis is an excessive curvature in the
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INTERACTIVE LINK

Osteoporosis is a common age-related bone disease in which bone density and strength is decreased. Watch this
video (http://openstax.org/l/osteoporosis) to get a better understanding of how thoracic vertebrae may become
weakened and may fracture due to this disease. How may vertebral osteoporosis contribute to kyphosis?

General Structure of a Vertebra

Within the different regions of the vertebral column, vertebrae vary in size and shape, but they all follow a similar
structural pattern. A typical vertebra will consist of a body, a vertebral arch, and seven processes (Figure 7.23).

The body is the anterior portion of each vertebra and is the part that supports the body weight. Because of this, the
vertebral bodies progressively increase in size and thickness going down the vertebral column. The bodies of
adjacent vertebrae are separated and strongly united by an intervertebral disc.

The vertebral arch forms the posterior portion of each vertebra. It consists of four parts, the right and left pedicles
and the right and left laminae. Each pedicle forms one of the lateral sides of the vertebral arch. The pedicles are
anchored to the posterior side of the vertebral body. Each lamina forms part of the posterior roof of the vertebral
arch. The large opening between the vertebral arch and body is the vertebral foramen, which contains the spinal
cord. In the intact vertebral column, the vertebral foramina of all of the vertebrae align to form the vertebral
(spinal) canal, which serves as the bony protection and passageway for the spinal cord down the back. When the
vertebrae are aligned together in the vertebral column, notches in the margins of the pedicles of adjacent vertebrae
together form an intervertebral foramen, the opening through which a spinal nerve exits from the vertebral column
(Figure 7.24).

Seven processes arise from the vertebral arch. Each paired transverse process projects laterally and arises from
the junction point between the pedicle and lamina. The single spinous process (vertebral spine) projects posteriorly
at the midline of the back. The vertebral spines can easily be felt as a series of bumps just under the skin down the
middle of the back. The transverse and spinous processes serve as important muscle attachment sites. A superior
articular process extends or faces upward, and an inferior articular process faces or projects downward on each
side of a vertebrae. The paired superior articular processes of one vertebra join with the corresponding paired
inferior articular processes from the next higher vertebra. These junctions form slightly moveable joints between the
adjacent vertebrae. The shape and orientation of the articular processes vary in different regions of the vertebral
column and play a major role in determining the type and range of motion available in each region.

lumbar region of the vertebral column.

FIGURE 7.22 Osteoporosis Osteoporosis is an age-related disorder that causes the gradual loss of bone density and strength.
When the thoracic vertebrae are affected, there can be a gradual collapse of the vertebrae. This results in kyphosis, an excessive
curvature of the thoracic region.
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FIGURE 7.23 Parts of a Typical Vertebra A typical vertebra consists of a body and a vertebral arch. The arch is formed by the paired
pedicles and paired laminae. Arising from the vertebral arch are the transverse, spinous, superior articular, and inferior articular processes.
The vertebral foramen provides for passage of the spinal cord. Each spinal nerve exits through an intervertebral foramen, located between
adjacent vertebrae. Intervertebral discs unite the bodies of adjacent vertebrae.

FIGURE 7.24 Intervertebral Disc The bodies of adjacent vertebrae are separated and united by an intervertebral disc, which provides
padding and allows for movements between adjacent vertebrae. The disc consists of a fibrous outer layer called the anulus fibrosus and a
gel-like center called the nucleus pulposus. The intervertebral foramen is the opening formed between adjacent vertebrae for the exit of a
spinal nerve.

Regional Modifications of Vertebrae

In addition to the general characteristics of a typical vertebra described above, vertebrae also display characteristic
size and structural features that vary between the different vertebral column regions. Thus, cervical vertebrae are
smaller than lumbar vertebrae due to differences in the proportion of body weight that each supports. Thoracic
vertebrae have sites for rib attachment, and the vertebrae that give rise to the sacrum and coccyx have fused
together into single bones.

Cervical Vertebrae
Typical cervical vertebrae, such as C4 or C5, have several characteristic features that differentiate them from
thoracic or lumbar vertebrae (Figure 7.25). Cervical vertebrae have a small body, reflecting the fact that they carry
the least amount of body weight. Cervical vertebrae usually have a bifid (Y-shaped) spinous process. The spinous
processes of the C3–C6 vertebrae are short, but the spine of C7 is much longer. You can find these vertebrae by
running your finger down the midline of the posterior neck until you encounter the prominent C7 spine located at the
base of the neck. The transverse processes of the cervical vertebrae are sharply curved (U-shaped) to allow for
passage of the cervical spinal nerves. Each transverse process also has an opening called the transverse foramen.
An important artery that supplies the brain ascends up the neck by passing through these openings. The superior
and inferior articular processes of the cervical vertebrae are flattened and largely face upward or downward,
respectively.
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The first and second cervical vertebrae are further modified, giving each a distinctive appearance. The first cervical
(C1) vertebra is also called the atlas, because this is the vertebra that supports the skull on top of the vertebral
column (in Greek mythology, Atlas was the god who supported the heavens on his shoulders). The C1 vertebra does
not have a body or spinous process. Instead, it is ring-shaped, consisting of an anterior arch and a posterior arch.
The transverse processes of the atlas are longer and extend more laterally than do the transverse processes of any
other cervical vertebrae. The superior articular processes face upward and are deeply curved for articulation with
the occipital condyles on the base of the skull. The inferior articular processes are flat and face downward to join
with the superior articular processes of the C2 vertebra.

The second cervical (C2) vertebra is called the axis, because it serves as the axis for rotation when turning the head
toward the right or left. The axis resembles typical cervical vertebrae in most respects, but is easily distinguished by
the dens (odontoid process), a bony projection that extends upward from the vertebral body. The dens joins with the
inner aspect of the anterior arch of the atlas, where it is held in place by the transverse ligament.

FIGURE 7.25 Cervical Vertebrae A typical cervical vertebra has a small body, a bifid spinous process, transverse processes that have a
transverse foramen and are curved for spinal nerve passage. The atlas (C1 vertebra) does not have a body or spinous process. It consists of
an anterior and a posterior arch and elongated transverse processes. The axis (C2 vertebra) has the upward projecting dens, which
articulates with the anterior arch of the atlas.
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Thoracic Vertebrae
The bodies of the thoracic vertebrae are larger than those of cervical vertebrae (Figure 7.26). The characteristic
feature for a typical midthoracic vertebra is the spinous process, which is long and has a pronounced downward
angle that causes it to overlap the next inferior vertebra. The superior articular processes of thoracic vertebrae face
anteriorly and the inferior processes face posteriorly. These orientations are important determinants for the type
and range of movements available to the thoracic region of the vertebral column.

Thoracic vertebrae have several additional articulation sites, each of which is called a facet, where a rib is attached.
Most thoracic vertebrae have two facets located on the lateral sides of the body, each of which is called a costal
facet (costal = “rib”). These are for articulation with the head (end) of a rib. An additional facet is located on the
transverse process for articulation with the tubercle of a rib.

FIGURE 7.26 Thoracic Vertebrae A typical thoracic vertebra is distinguished by the spinous process, which is long and projects
downward to overlap the next inferior vertebra. It also has articulation sites (facets) on the vertebral body and a transverse process for rib
attachment.

FIGURE 7.27 Rib Articulation in Thoracic Vertebrae Thoracic vertebrae have superior and inferior articular facets on the vertebral
body for articulation with the head of a rib, and a transverse process facet for articulation with the rib tubercle.
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Lumbar Vertebrae
Lumbar vertebrae carry the greatest amount of body weight and are thus characterized by the large size and
thickness of the vertebral body (Figure 7.28). They have short transverse processes and a short, blunt spinous
process that projects posteriorly. The articular processes are large, with the superior process facing backward and
the inferior facing forward.

FIGURE 7.28 Lumbar Vertebrae Lumbar vertebrae are characterized by having a large, thick body and a short, rounded spinous
process.

Sacrum and Coccyx
The sacrum is a triangular-shaped bone that is thick and wide across its superior base where it is weight bearing and
then tapers down to an inferior, non-weight bearing apex (Figure 7.29). It is formed by the fusion of five sacral
vertebrae, a process that does not begin until after the age of 20. On the anterior surface of the older adult sacrum,
the lines of vertebral fusion can be seen as four transverse ridges. On the posterior surface, running down the
midline, is the median sacral crest, a bumpy ridge that is the remnant of the fused spinous processes (median =
“midline”; while medial = “toward, but not necessarily at, the midline”). Similarly, the fused transverse processes of
the sacral vertebrae form the lateral sacral crest.

The sacral promontory is the anterior lip of the superior base of the sacrum. Lateral to this is the roughened
auricular surface, which joins with the ilium portion of the hipbone to form the immobile sacroiliac joints of the
pelvis. Passing inferiorly through the sacrum is a bony tunnel called the sacral canal, which terminates at the sacral
hiatus near the inferior tip of the sacrum. The anterior and posterior surfaces of the sacrum have a series of paired
openings called sacral foramina (singular = foramen) that connect to the sacral canal. Each of these openings is
called a posterior (dorsal) sacral foramen or anterior (ventral) sacral foramen. These openings allow for the
anterior and posterior branches of the sacral spinal nerves to exit the sacrum. The superior articular process of the
sacrum, one of which is found on either side of the superior opening of the sacral canal, articulates with the inferior
articular processes from the L5 vertebra.

The coccyx, or tailbone, is derived from the fusion of four very small coccygeal vertebrae (see Figure 7.29). It
articulates with the inferior tip of the sacrum. It is not weight bearing in the standing position, but may receive some
body weight when sitting.
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FIGURE 7.29 Sacrum and Coccyx The sacrum is formed from the fusion of five sacral vertebrae, whose lines of fusion are indicated by
the transverse ridges. The fused spinous processes form the median sacral crest, while the lateral sacral crest arises from the fused
transverse processes. The coccyx is formed by the fusion of four small coccygeal vertebrae.

Intervertebral Discs and Ligaments of the Vertebral Column

The bodies of adjacent vertebrae are strongly anchored to each other by an intervertebral disc. This structure
provides padding between the bones during weight bearing, and because it can change shape, also allows for
movement between the vertebrae. Although the total amount of movement available between any two adjacent
vertebrae is small, when these movements are summed together along the entire length of the vertebral column,
large body movements can be produced. Ligaments that extend along the length of the vertebral column also
contribute to its overall support and stability.

Intervertebral Disc
An intervertebral disc is a fibrocartilaginous pad that fills the gap between adjacent vertebral bodies (see Figure
7.24). Each disc is anchored to the bodies of its adjacent vertebrae, thus strongly uniting these. The discs also
provide padding between vertebrae during weight bearing. Because of this, intervertebral discs are thin in the
cervical region and thickest in the lumbar region, which carries the most body weight. In total, the intervertebral
discs account for approximately 25 percent of your body height between the top of the pelvis and the base of the
skull. Intervertebral discs are also flexible and can change shape to allow for movements of the vertebral column.

Each intervertebral disc consists of two parts. The anulus fibrosus is the tough, fibrous outer layer of the disc. It
forms a circle (anulus = “ring” or “circle”) and is firmly anchored to the outer margins of the adjacent vertebral
bodies. Inside is the nucleus pulposus, consisting of a softer, more gel-like material. It has a high water content
that serves to resist compression and thus is important for weight bearing. With increasing age, the water content of
the nucleus pulposus gradually declines. This causes the disc to become thinner, decreasing total body height
somewhat, and reduces the flexibility and range of motion of the disc, making bending more difficult.

The gel-like nature of the nucleus pulposus also allows the intervertebral disc to change shape as one vertebra
rocks side to side or forward and back in relation to its neighbors during movements of the vertebral column. Thus,
bending forward causes compression of the anterior portion of the disc but expansion of the posterior disc. If the
posterior anulus fibrosus is weakened due to injury or increasing age, the pressure exerted on the disc when
bending forward and lifting a heavy object can cause the nucleus pulposus to protrude posteriorly through the
anulus fibrosus, resulting in a herniated disc (“ruptured” or “slipped” disc) (Figure 7.30). The posterior bulging of
the nucleus pulposus can cause compression of a spinal nerve at the point where it exits through the intervertebral
foramen, with resulting pain and/or muscle weakness in those body regions supplied by that nerve. The most
common sites for disc herniation are the L4/L5 or L5/S1 intervertebral discs, which can cause sciatica, a widespread
pain that radiates from the lower back down the thigh and into the leg. Similar injuries of the C5/C6 or C6/C7
intervertebral discs, following forcible hyperflexion of the neck from a collision accident or football injury, can
produce pain in the neck, shoulder, and upper limb.
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FIGURE 7.30 Herniated Intervertebral Disc Weakening of the anulus fibrosus can result in herniation (protrusion) of the nucleus
pulposus and compression of a spinal nerve, resulting in pain and/or muscle weakness in the body regions supplied by that nerve.

INTERACTIVE LINK

Watch this video (http://openstax.org/l/herndisc1) to learn about a herniated disc. Watch this second video
(http://openstax.org/l/herndisc2) to see one possible treatment for a herniated disc, removing the damaged portion
of the disc. How could lifting a heavy object produce pain in a lower limb?

Ligaments of the Vertebral Column
Adjacent vertebrae are united by ligaments that run the length of the vertebral column along both its posterior and
anterior aspects (Figure 7.31). These serve to resist excess forward or backward bending movements of the
vertebral column, respectively.

The anterior longitudinal ligament runs down the anterior side of the entire vertebral column, uniting the vertebral
bodies. It serves to resist excess backward bending of the vertebral column. Protection against this movement is
particularly important in the neck, where extreme posterior bending of the head and neck can stretch or tear this
ligament, resulting in a painful whiplash injury. Prior to the mandatory installation of seat headrests, whiplash
injuries were common for passengers involved in a rear-end automobile collision.

The supraspinous ligament is located on the posterior side of the vertebral column, where it interconnects the
spinous processes of the thoracic and lumbar vertebrae. This strong ligament supports the vertebral column during
forward bending motions. In the posterior neck, where the cervical spinous processes are short, the supraspinous
ligament expands to become the nuchal ligament (nuchae = “nape” or “back of the neck”). The nuchal ligament is
attached to the cervical spinous processes and extends upward and posteriorly to attach to the midline base of the
skull, out to the external occipital protuberance. It supports the skull and prevents it from falling forward. This
ligament is much larger and stronger in four-legged animals such as cows, where the large skull hangs off the front
end of the vertebral column. You can easily feel this ligament by first extending your head backward and pressing
down on the posterior midline of your neck. Then tilt your head forward and you will fill the nuchal ligament popping
out as it tightens to limit anterior bending of the head and neck.

Additional ligaments are located inside the vertebral canal, next to the spinal cord, along the length of the vertebral
column. The posterior longitudinal ligament is found anterior to the spinal cord, where it is attached to the
posterior sides of the vertebral bodies. Posterior to the spinal cord is the ligamentum flavum (“yellow ligament”).
This consists of a series of short, paired ligaments, each of which interconnects the lamina regions of adjacent
vertebrae. The ligamentum flavum has large numbers of elastic fibers, which have a yellowish color, allowing it to
stretch and then pull back. Both of these ligaments provide important support for the vertebral column when
bending forward.
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FIGURE 7.31 Ligaments of Vertebral Column The anterior longitudinal ligament runs the length of the vertebral column, uniting the
anterior sides of the vertebral bodies. The supraspinous ligament connects the spinous processes of the thoracic and lumbar vertebrae. In
the posterior neck, the supraspinous ligament enlarges to form the nuchal ligament, which attaches to the cervical spinous processes and
to the base of the skull.

INTERACTIVE LINK

Use this tool (http://openstax.org/l/vertcolumn) to identify the bones, intervertebral discs, and ligaments of the
vertebral column. The thickest portions of the anterior longitudinal ligament and the supraspinous ligament are
found in which regions of the vertebral column?

CAREER CONNECTION

Chiropractor
Chiropractors are health professionals who use nonsurgical techniques to help patients with musculoskeletal
system problems that involve the bones, muscles, ligaments, tendons, or nervous system. They treat problems such
as neck pain, back pain, joint pain, or headaches. Chiropractors focus on the patient’s overall health and can also
provide counseling related to lifestyle issues, such as diet, exercise, or sleep problems. If needed, they will refer the
patient to other medical specialists.

Chiropractors use a drug-free, hands-on approach for patient diagnosis and treatment. They will perform a physical
exam, assess the patient’s posture and spine, and may perform additional diagnostic tests, including taking X-ray
images. They primarily use manual techniques, such as spinal manipulation, to adjust the patient’s spine or other
joints. They can recommend therapeutic or rehabilitative exercises, and some also include acupuncture, massage
therapy, or ultrasound as part of the treatment program. In addition to those in general practice, some chiropractors
specialize in sport injuries, neurology, orthopaedics, pediatrics, nutrition, internal disorders, or diagnostic imaging.

To become a chiropractor, students must have 3–4 years of undergraduate education, attend an accredited, four-
year Doctor of Chiropractic (D.C.) degree program, and pass a licensure examination to be licensed for practice in
their state. With the aging of the baby-boom generation, employment for chiropractors is expected to increase.
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7.4 The Thoracic Cage
LEARNING OBJECTIVES
By the end of this section, you will be able to:

• Discuss the components that make up the thoracic cage
• Identify the parts of the sternum and define the sternal angle
• Discuss the parts of a rib and rib classifications

The thoracic cage (rib cage) forms the thorax (chest) portion of the body. It consists of the 12 pairs of ribs with their
costal cartilages and the sternum (Figure 7.32). The ribs are anchored posteriorly to the 12 thoracic vertebrae
(T1–T12). The thoracic cage protects the heart and lungs.

FIGURE 7.32 Thoracic Cage The thoracic cage is formed by the (a) sternum and (b) 12 pairs of ribs with their costal cartilages. The ribs
are anchored posteriorly to the 12 thoracic vertebrae. The sternum consists of the manubrium, body, and xiphoid process. The ribs are
classified as true ribs (1–7) and false ribs (8–12). The last two pairs of false ribs are also known as floating ribs (11–12).

Sternum

The sternum is the elongated bony structure that anchors the anterior thoracic cage. It consists of three parts: the
manubrium, body, and xiphoid process. The manubrium is the wider, superior portion of the sternum. The top of the
manubrium has a shallow, U-shaped border called the jugular (suprasternal) notch. This can be easily felt at the
anterior base of the neck, between the medial ends of the clavicles. The clavicular notch is the shallow depression
located on either side at the superior-lateral margins of the manubrium. This is the site of the sternoclavicular joint,
between the sternum and clavicle. The first ribs also attach to the manubrium.

The elongated, central portion of the sternum is the body. The manubrium and body join together at the sternal
angle, so called because the junction between these two components is not flat, but forms a slight bend. The
second rib attaches to the sternum at the sternal angle. Since the first rib is hidden behind the clavicle, the second
rib is the highest rib that can be identified by palpation. Thus, the sternal angle and second rib are important
landmarks for the identification and counting of the lower ribs. Ribs 3–7 attach to the sternal body.

The inferior tip of the sternum is the xiphoid process. This small structure is cartilaginous early in life, but gradually
becomes ossified starting during middle age.

Ribs

Each rib is a curved, flattened bone that contributes to the wall of the thorax. The ribs articulate posteriorly with the
T1–T12 thoracic vertebrae, and most attach anteriorly via their costal cartilages to the sternum. There are 12 pairs
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of ribs. The ribs are numbered 1–12 in accordance with the thoracic vertebrae.

Parts of a Typical Rib
The posterior end of a typical rib is called the head of the rib (see Figure 7.27). This region articulates primarily with
the costal facet located on the body of the same numbered thoracic vertebra and to a lesser degree, with the costal
facet located on the body of the next higher vertebra. Lateral to the head is the narrowed neck of the rib. A small
bump on the posterior rib surface is the tubercle of the rib, which articulates with the facet located on the
transverse process of the same numbered vertebra. The remainder of the rib is the body of the rib (shaft). Just
lateral to the tubercle is the angle of the rib, the point at which the rib has its greatest degree of curvature. The
angles of the ribs form the most posterior extent of the thoracic cage. In the anatomical position, the angles align
with the medial border of the scapula. A shallow costal groove for the passage of blood vessels and a nerve is found
along the inferior margin of each rib.

Rib Classifications
The bony ribs do not extend anteriorly completely around to the sternum. Instead, each rib ends in a costal
cartilage. These cartilages are made of hyaline cartilage and can extend for several inches. Most ribs are then
attached, either directly or indirectly, to the sternum via their costal cartilage (see Figure 7.32). The ribs are
classified into three groups based on their relationship to the sternum.

Ribs 1–7 are classified as true ribs (vertebrosternal ribs). The costal cartilage from each of these ribs attaches
directly to the sternum. Ribs 8–12 are called false ribs (vertebrochondral ribs). The costal cartilages from these ribs
do not attach directly to the sternum. For ribs 8–10, the costal cartilages are attached to the cartilage of the next
higher rib. Thus, the cartilage of rib 10 attaches to the cartilage of rib 9, rib 9 then attaches to rib 8, and rib 8 is
attached to rib 7. The last two false ribs (11–12) are also called floating ribs (vertebral ribs). These are short ribs
that do not attach to the sternum at all. Instead, their small costal cartilages terminate within the musculature of
the lateral abdominal wall.

7.5 Embryonic Development of the Axial Skeleton
LEARNING OBJECTIVES
By the end of this section, you will be able to:

• Discuss the two types of embryonic bone development within the skull
• Describe the development of the vertebral column and thoracic cage

The axial skeleton begins to form during early embryonic development. However, growth, remodeling, and
ossification (bone formation) continue for several decades after birth before the adult skeleton is fully formed.
Knowledge of the developmental processes that give rise to the skeleton is important for understanding the
abnormalities that may arise in skeletal structures.

Development of the Skull

During the third week of embryonic development, a rod-like structure called the notochord develops dorsally along
the length of the embryo. The tissue overlying the notochord enlarges and forms the neural tube, which will give rise
to the brain and spinal cord. By the fourth week, mesoderm tissue located on either side of the notochord thickens
and separates into a repeating series of block-like tissue structures, each of which is called a somite. As the somites
enlarge, each one will split into several parts. The most medial of these parts is called a sclerotome. The
sclerotomes consist of an embryonic tissue called mesenchyme, which will give rise to the fibrous connective
tissues, cartilages, and bones of the body.

The bones of the skull arise from mesenchyme during embryonic development in two different ways. The first
mechanism produces the bones that form the top and sides of the brain case. This involves the local accumulation
of mesenchymal cells at the site of the future bone. These cells then differentiate directly into bone producing cells,
which form the skull bones through the process of intramembranous ossification. As the brain case bones grow in
the fetal skull, they remain separated from each other by large areas of dense connective tissue, each of which is
called a fontanelle (Figure 7.33). The fontanelles are the soft spots on an infant’s head. They are important during
birth because these areas allow the skull to change shape as it squeezes through the birth canal. After birth, the
fontanelles allow for continued growth and expansion of the skull as the brain enlarges. The largest fontanelle is
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located on the anterior head, at the junction of the frontal and parietal bones. The fontanelles decrease in size and
disappear by age 2. However, the skull bones remained separated from each other at the sutures, which contain
dense fibrous connective tissue that unites the adjacent bones. The connective tissue of the sutures allows for
continued growth of the skull bones as the brain enlarges during childhood growth.

The second mechanism for bone development in the skull produces the facial bones and floor of the brain case. This
also begins with the localized accumulation of mesenchymal cells. However, these cells differentiate into cartilage
cells, which produce a hyaline cartilage model of the future bone. As this cartilage model grows, it is gradually
converted into bone through the process of endochondral ossification. This is a slow process and the cartilage is not
completely converted to bone until the skull achieves its full adult size.

At birth, the brain case and orbits of the skull are disproportionally large compared to the bones of the jaws and
lower face. This reflects the relative underdevelopment of the maxilla and mandible, which lack teeth, and the small
sizes of the paranasal sinuses and nasal cavity. During early childhood, the mastoid process enlarges, the two halves
of the mandible and frontal bone fuse together to form single bones, and the paranasal sinuses enlarge. The jaws
also expand as the teeth begin to appear. These changes all contribute to the rapid growth and enlargement of the
face during childhood.

FIGURE 7.33 Newborn Skull The bones of the newborn skull are not fully ossified and are separated by large areas called fontanelles,
which are filled with fibrous connective tissue. The fontanelles allow for continued growth of the skull after birth. At the time of birth, the
facial bones are small and underdeveloped, and the mastoid process has not yet formed.

Development of the Vertebral Column and Thoracic cage

Development of the vertebrae begins with the accumulation of mesenchyme cells from each sclerotome around the
notochord. These cells differentiate into a hyaline cartilage model for each vertebra, which then grow and eventually
ossify into bone through the process of endochondral ossification. As the developing vertebrae grow, the notochord
largely disappears. However, small areas of notochord tissue persist between the adjacent vertebrae and this
contributes to the formation of each intervertebral disc.

The ribs and sternum also develop from mesenchyme. The ribs initially develop as part of the cartilage model for
each vertebra, but in the thorax region, the rib portion separates from the vertebra by the eighth week. The cartilage
model of the rib then ossifies, except for the anterior portion, which remains as the costal cartilage. The sternum
initially forms as paired hyaline cartilage models on either side of the anterior midline, beginning during the fifth
week of development. The cartilage models of the ribs become attached to the lateral sides of the developing
sternum. Eventually, the two halves of the cartilaginous sternum fuse together along the midline and then ossify into
bone. The manubrium and body of the sternum are converted into bone first, with the xiphoid process remaining as
cartilage until late in life.

INTERACTIVE LINK

View this video (http://openstax.org/l/skullbones) to review the two processes that give rise to the bones of the skull
and body. What are the two mechanisms by which the bones of the body are formed and which bones are formed by
each mechanism?
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HOMEOSTATIC IMBALANCES

Craniosynostosis
The premature closure (fusion) of a suture line is a condition called craniosynostosis. This error in the normal
developmental process results in abnormal growth of the skull and deformity of the head. It is produced either by
defects in the ossification process of the skull bones or failure of the brain to properly enlarge. Genetic factors are
involved, but the underlying cause is unknown. It is a relatively common condition, occurring in approximately
1:2000 births, with males being more commonly affected. Primary craniosynostosis involves the early fusion of one
cranial suture, whereas complex craniosynostosis results from the premature fusion of several sutures.

The early fusion of a suture in primary craniosynostosis prevents any additional enlargement of the cranial bones
and skull along this line. Continued growth of the brain and skull is therefore diverted to other areas of the head,
causing an abnormal enlargement of these regions. For example, the early disappearance of the anterior fontanelle
and premature closure of the sagittal suture prevents growth across the top of the head. This is compensated by
upward growth by the bones of the lateral skull, resulting in a long, narrow, wedge-shaped head. This condition,
known as scaphocephaly, accounts for approximately 50 percent of craniosynostosis abnormalities. Although the
skull is misshapen, the brain still has adequate room to grow and thus there is no accompanying abnormal
neurological development.

In cases of complex craniosynostosis, several sutures close prematurely. The amount and degree of skull deformity
is determined by the location and extent of the sutures involved. This results in more severe constraints on skull
growth, which can alter or impede proper brain growth and development.

Cases of craniosynostosis are usually treated with surgery. A team of physicians will open the skull along the fused
suture, which will then allow the skull bones to resume their growth in this area. In some cases, parts of the skull
will be removed and replaced with an artificial plate. The earlier after birth that surgery is performed, the better the
outcome. After treatment, most children continue to grow and develop normally and do not exhibit any neurological
problems.
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Key Terms
alveolar process of the mandible upper border of

mandibular body that contains the lower teeth
alveolar process of the maxilla curved, inferior

margin of the maxilla that supports and anchors the
upper teeth

angle of the mandible rounded corner located at
outside margin of the body and ramus junction

angle of the rib portion of rib with greatest curvature;
together, the rib angles form the most posterior
extent of the thoracic cage

anterior (ventral) sacral foramen one of the series of
paired openings located on the anterior (ventral)
side of the sacrum

anterior arch anterior portion of the ring-like C1
(atlas) vertebra

anterior cranial fossa shallowest and most anterior
cranial fossa of the cranial base that extends from
the frontal bone to the lesser wing of the sphenoid
bone

anterior longitudinal ligament ligament that runs
the length of the vertebral column, uniting the
anterior aspects of the vertebral bodies

anulus fibrosus tough, fibrous outer portion of an
intervertebral disc, which is strongly anchored to
the bodies of the adjacent vertebrae

appendicular skeleton all bones of the upper and
lower limbs, plus the girdle bones that attach each
limb to the axial skeleton

articular tubercle smooth ridge located on the
inferior skull, immediately anterior to the
mandibular fossa

atlas first cervical (C1) vertebra
axial skeleton central, vertical axis of the body,

including the skull, vertebral column, and thoracic
cage

axis second cervical (C2) vertebra
body of the rib shaft portion of a rib
brain case portion of the skull that contains and

protects the brain, consisting of the eight bones that
form the cranial base and rounded upper skull

calvaria (also, skullcap) rounded top of the skull
carotid canal zig-zag tunnel providing passage

through the base of the skull for the internal carotid
artery to the brain; begins anteromedial to the
styloid process and terminates in the middle cranial
cavity, near the posterior-lateral base of the sella
turcica

cervical curve posteriorly concave curvature of the
cervical vertebral column region; a secondary curve
of the vertebral column

cervical vertebrae seven vertebrae numbered as
C1–C7 that are located in the neck region of the

vertebral column
clavicular notch paired notches located on the

superior-lateral sides of the sternal manubrium, for
articulation with the clavicle

coccyx small bone located at inferior end of the adult
vertebral column that is formed by the fusion of four
coccygeal vertebrae; also referred to as the
“tailbone”

condylar process of the mandible thickened upward
projection from posterior margin of mandibular
ramus

condyle oval-shaped process located at the top of
the condylar process of the mandible

coronal suture joint that unites the frontal bone to
the right and left parietal bones across the top of
the skull

coronoid process of the mandible flattened upward
projection from the anterior margin of the
mandibular ramus

costal cartilage hyaline cartilage structure attached
to the anterior end of each rib that provides for
either direct or indirect attachment of most ribs to
the sternum

costal facet site on the lateral sides of a thoracic
vertebra for articulation with the head of a rib

costal groove shallow groove along the inferior
margin of a rib that provides passage for blood
vessels and a nerve

cranial cavity interior space of the skull that houses
the brain

cranium skull
cribriform plate small, flattened areas with

numerous small openings, located to either side of
the midline in the floor of the anterior cranial fossa;
formed by the ethmoid bone

crista galli small upward projection located at the
midline in the floor of the anterior cranial fossa;
formed by the ethmoid bone

dens bony projection (odontoid process) that extends
upward from the body of the C2 (axis) vertebra

ear ossicles three small bones located in the middle
ear cavity that serve to transmit sound vibrations to
the inner ear

ethmoid air cell one of several small, air-filled spaces
located within the lateral sides of the ethmoid bone,
between the orbit and upper nasal cavity

ethmoid bone unpaired bone that forms the roof and
upper, lateral walls of the nasal cavity, portions of
the floor of the anterior cranial fossa and medial
wall of orbit, and the upper portion of the nasal
septum

external acoustic meatus ear canal opening located
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on the lateral side of the skull
external occipital protuberance small bump located

at the midline on the posterior skull
facet small, flattened area on a bone for an

articulation (joint) with another bone, or for muscle
attachment

facial bones fourteen bones that support the facial
structures and form the upper and lower jaws and
the hard palate

false ribs vertebrochondral ribs 8–12 whose costal
cartilage either attaches indirectly to the sternum
via the costal cartilage of the next higher rib or does
not attach to the sternum at all

floating ribs vertebral ribs 11–12 that do not attach
to the sternum or to the costal cartilage of another
rib

fontanelle expanded area of fibrous connective
tissue that separates the brain case bones of the
skull prior to birth and during the first year after
birth

foramen lacerum irregular opening in the base of the
skull, located inferior to the exit of carotid canal

foramen magnum large opening in the occipital bone
of the skull through which the spinal cord emerges
and the vertebral arteries enter the cranium

foramen ovale of the middle cranial fossa oval-
shaped opening in the floor of the middle cranial
fossa

foramen rotundum round opening in the floor of the
middle cranial fossa, located between the superior
orbital fissure and foramen ovale

foramen spinosum small opening in the floor of the
middle cranial fossa, located lateral to the foramen
ovale

frontal bone unpaired bone that forms forehead, roof
of orbit, and floor of anterior cranial fossa

frontal sinus air-filled space within the frontal bone;
most anterior of the paranasal sinuses

glabella slight depression of frontal bone, located at
the midline between the eyebrows

greater wings of sphenoid bone lateral projections
of the sphenoid bone that form the anterior wall of
the middle cranial fossa and an area of the lateral
skull

hard palate bony structure that forms the roof of the
mouth and floor of the nasal cavity, formed by the
palatine process of the maxillary bones and the
horizontal plate of the palatine bones

head of the rib posterior end of a rib that articulates
with the bodies of thoracic vertebrae

horizontal plate medial extension from the palatine
bone that forms the posterior quarter of the hard
palate

hyoid bone small, U-shaped bone located in upper
neck that does not contact any other bone

hypoglossal canal paired openings that pass
anteriorly from the anterior-lateral margins of the
foramen magnum deep to the occipital condyles

hypophyseal (pituitary) fossa shallow depression on
top of the sella turcica that houses the pituitary
(hypophyseal) gland

inferior articular process bony process that extends
downward from the vertebral arch of a vertebra that
articulates with the superior articular process of the
next lower vertebra

inferior nasal concha one of the paired bones that
project from the lateral walls of the nasal cavity to
form the largest and most inferior of the nasal
conchae

infraorbital foramen opening located on anterior
skull, below the orbit

infratemporal fossa space on lateral side of skull,
below the level of the zygomatic arch and deep
(medial) to the ramus of the mandible

internal acoustic meatus opening into petrous ridge,
located on the lateral wall of the posterior cranial
fossa

intervertebral disc structure located between the
bodies of adjacent vertebrae that strongly joins the
vertebrae; provides padding, weight bearing ability,
and enables vertebral column movements

intervertebral foramen opening located between
adjacent vertebrae for exit of a spinal nerve

jugular (suprasternal) notch shallow notch located
on superior surface of sternal manubrium

jugular foramen irregularly shaped opening located
in the lateral floor of the posterior cranial cavity

kyphosis (also, humpback or hunchback) excessive
posterior curvature of the thoracic vertebral column
region

lacrimal bone paired bones that contribute to the
anterior-medial wall of each orbit

lacrimal fossa shallow depression in the anterior-
medial wall of the orbit, formed by the lacrimal bone
that gives rise to the nasolacrimal canal

lambdoid suture inverted V-shaped joint that unites
the occipital bone to the right and left parietal bones
on the posterior skull

lamina portion of the vertebral arch on each vertebra
that extends between the transverse and spinous
process

lateral pterygoid plate paired, flattened bony
projections of the sphenoid bone located on the
inferior skull, lateral to the medial pterygoid plate

lateral sacral crest paired irregular ridges running
down the lateral sides of the posterior sacrum that
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was formed by the fusion of the transverse
processes from the five sacral vertebrae

lesser wings of the sphenoid bone lateral extensions
of the sphenoid bone that form the bony lip
separating the anterior and middle cranial fossae

ligamentum flavum series of short ligaments that
unite the lamina of adjacent vertebrae

lingula small flap of bone located on the inner
(medial) surface of mandibular ramus, next to the
mandibular foramen

lordosis (also, swayback) excessive anterior
curvature of the lumbar vertebral column region

lumbar curve posteriorly concave curvature of the
lumbar vertebral column region; a secondary curve
of the vertebral column

lumbar vertebrae five vertebrae numbered as L1–L5
that are located in lumbar region (lower back) of the
vertebral column

mandible unpaired bone that forms the lower jaw
bone; the only moveable bone of the skull

mandibular foramen opening located on the inner
(medial) surface of the mandibular ramus

mandibular fossa oval depression located on the
inferior surface of the skull

mandibular notch large U-shaped notch located
between the condylar process and coronoid process
of the mandible

manubrium expanded, superior portion of the
sternum

mastoid process large bony prominence on the
inferior, lateral skull, just behind the earlobe

maxillary bone (also, maxilla) paired bones that form
the upper jaw and anterior portion of the hard palate

maxillary sinus air-filled space located with each
maxillary bone; largest of the paranasal sinuses

medial pterygoid plate paired, flattened bony
projections of the sphenoid bone located on the
inferior skull medial to the lateral pterygoid plate;
form the posterior portion of the nasal cavity lateral
wall

median sacral crest irregular ridge running down the
midline of the posterior sacrum that was formed
from the fusion of the spinous processes of the five
sacral vertebrae

mental foramen opening located on the anterior-
lateral side of the mandibular body

mental protuberance inferior margin of anterior
mandible that forms the chin

middle cranial fossa centrally located cranial fossa
that extends from the lesser wings of the sphenoid
bone to the petrous ridge

middle nasal concha nasal concha formed by the
ethmoid bone that is located between the superior

and inferior conchae
mylohyoid line bony ridge located along the inner

(medial) surface of the mandibular body
nasal bone paired bones that form the base of the

nose
nasal cavity opening through skull for passage of air
nasal conchae curved bony plates that project from

the lateral walls of the nasal cavity; include the
superior and middle nasal conchae, which are parts
of the ethmoid bone, and the independent inferior
nasal conchae bone

nasal septum flat, midline structure that divides the
nasal cavity into halves, formed by the
perpendicular plate of the ethmoid bone, vomer
bone, and septal cartilage

nasolacrimal canal passage for drainage of tears that
extends downward from the medial-anterior orbit to
the nasal cavity, terminating behind the inferior
nasal conchae

neck of the rib narrowed region of a rib, next to the
rib head

notochord rod-like structure along dorsal side of the
early embryo; largely disappears during later
development but does contribute to formation of
the intervertebral discs

nuchal ligament expanded portion of the
supraspinous ligament within the posterior neck;
interconnects the spinous processes of the cervical
vertebrae and attaches to the base of the skull

nucleus pulposus gel-like central region of an
intervertebral disc; provides for padding, weight-
bearing, and movement between adjacent vertebrae

occipital bone unpaired bone that forms the
posterior portions of the brain case and base of the
skull

occipital condyle paired, oval-shaped bony knobs
located on the inferior skull, to either side of the
foramen magnum

optic canal opening spanning between middle cranial
fossa and posterior orbit

orbit bony socket that contains the eyeball and
associated muscles

palatine bone paired bones that form the posterior
quarter of the hard palate and a small area in floor
of the orbit

palatine process medial projection from the maxilla
bone that forms the anterior three quarters of the
hard palate

paranasal sinuses cavities within the skull that are
connected to the conchae that serve to warm and
humidify incoming air, produce mucus, and lighten
the weight of the skull; consist of frontal, maxillary,
sphenoidal, and ethmoidal sinuses
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parietal bone paired bones that form the upper,
lateral sides of the skull

pedicle portion of the vertebral arch that extends
from the vertebral body to the transverse process

perpendicular plate of the ethmoid bone downward,
midline extension of the ethmoid bone that forms
the superior portion of the nasal septum

petrous ridge petrous portion of the temporal bone
that forms a large, triangular ridge in the floor of the
cranial cavity, separating the middle and posterior
cranial fossae; houses the middle and inner ear
structures

posterior (dorsal) sacral foramen one of the series
of paired openings located on the posterior (dorsal)
side of the sacrum

posterior arch posterior portion of the ring-like C1
(atlas) vertebra

posterior cranial fossa deepest and most posterior
cranial fossa; extends from the petrous ridge to the
occipital bone

posterior longitudinal ligament ligament that runs
the length of the vertebral column, uniting the
posterior sides of the vertebral bodies

primary curve anteriorly concave curvatures of the
thoracic and sacrococcygeal regions that are
retained from the original fetal curvature of the
vertebral column

pterion H-shaped suture junction region that unites
the frontal, parietal, temporal, and sphenoid bones
on the lateral side of the skull

ramus of the mandible vertical portion of the
mandible

ribs thin, curved bones of the chest wall
sacral canal bony tunnel that runs through the

sacrum
sacral foramina series of paired openings for nerve

exit located on both the anterior (ventral) and
posterior (dorsal) aspects of the sacrum

sacral hiatus inferior opening and termination of the
sacral canal

sacral promontory anterior lip of the base (superior
end) of the sacrum

sacrococcygeal curve anteriorly concave curvature
formed by the sacrum and coccyx; a primary curve
of the vertebral column

sacrum single bone located near the inferior end of
the adult vertebral column that is formed by the
fusion of five sacral vertebrae; forms the posterior
portion of the pelvis

sagittal suture joint that unites the right and left
parietal bones at the midline along the top of the
skull

sclerotome medial portion of a somite consisting of

mesenchyme tissue that will give rise to bone,
cartilage, and fibrous connective tissues

scoliosis abnormal lateral curvature of the vertebral
column

secondary curve posteriorly concave curvatures of
the cervical and lumbar regions of the vertebral
column that develop after the time of birth

sella turcica elevated area of sphenoid bone located
at midline of the middle cranial fossa

septal cartilage flat cartilage structure that forms the
anterior portion of the nasal septum

skeleton bones of the body
skull bony structure that forms the head, face, and

jaws, and protects the brain; consists of 22 bones
somite one of the paired, repeating blocks of tissue

located on either side of the notochord in the early
embryo

sphenoid bone unpaired bone that forms the central
base of skull

sphenoid sinus air-filled space located within the
sphenoid bone; most posterior of the paranasal
sinuses

spinous process unpaired bony process that extends
posteriorly from the vertebral arch of a vertebra

squamous suture joint that unites the parietal bone
to the squamous portion of the temporal bone on
the lateral side of the skull

sternal angle junction line between manubrium and
body of the sternum and the site for attachment of
the second rib to the sternum

sternum flattened bone located at the center of the
anterior chest

styloid process downward projecting, elongated
bony process located on the inferior aspect of the
skull

stylomastoid foramen opening located on inferior
skull, between the styloid process and mastoid
process

superior articular process bony process that extends
upward from the vertebral arch of a vertebra that
articulates with the inferior articular process of the
next higher vertebra

superior articular process of the sacrum paired
processes that extend upward from the sacrum to
articulate (join) with the inferior articular processes
from the L5 vertebra

superior nasal concha smallest and most superiorly
located of the nasal conchae; formed by the
ethmoid bone

superior nuchal line paired bony lines on the
posterior skull that extend laterally from the
external occipital protuberance

superior orbital fissure irregularly shaped opening
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between the middle cranial fossa and the posterior
orbit

supraorbital foramen opening located on anterior
skull, at the superior margin of the orbit

supraorbital margin superior margin of the orbit
supraspinous ligament ligament that interconnects

the spinous processes of the thoracic and lumbar
vertebrae

suture junction line at which adjacent bones of the
skull are united by fibrous connective tissue

temporal bone paired bones that form the lateral,
inferior portions of the skull, with squamous,
mastoid, and petrous portions

temporal fossa shallow space on the lateral side of
the skull, above the level of the zygomatic arch

temporal process of the zygomatic bone short
extension from the zygomatic bone that forms the
anterior portion of the zygomatic arch

thoracic cage consists of 12 pairs of ribs and sternum
thoracic curve anteriorly concave curvature of the

thoracic vertebral column region; a primary curve of
the vertebral column

thoracic vertebrae twelve vertebrae numbered as
T1–T12 that are located in the thoracic region
(upper back) of the vertebral column

transverse foramen opening found only in the
transverse processes of cervical vertebrae

transverse process paired bony processes that
extends laterally from the vertebral arch of a
vertebra

true ribs vertebrosternal ribs 1–7 that attach via their

costal cartilage directly to the sternum
tubercle of the rib small bump on the posterior side

of a rib for articulation with the transverse process
of a thoracic vertebra

vertebra individual bone in the neck and back regions
of the vertebral column

vertebral (spinal) canal bony passageway within the
vertebral column for the spinal cord that is formed
by the series of individual vertebral foramina

vertebral arch bony arch formed by the posterior
portion of each vertebra that surrounds and
protects the spinal cord

vertebral column entire sequence of bones that
extend from the skull to the tailbone

vertebral foramen opening associated with each
vertebra defined by the vertebral arch that provides
passage for the spinal cord

vomer bone unpaired bone that forms the inferior
and posterior portions of the nasal septum

xiphoid process small process that forms the inferior
tip of the sternum

zygomatic arch elongated, free-standing arch on the
lateral skull, formed anteriorly by the temporal
process of the zygomatic bone and posteriorly by
the zygomatic process of the temporal bone

zygomatic bone cheekbone; paired bones that
contribute to the lateral orbit and anterior zygomatic
arch

zygomatic process of the temporal bone extension
from the temporal bone that forms the posterior
portion of the zygomatic arch

Chapter Review
7.1 Divisions of the Skeletal System

The skeletal system includes all of the bones,
cartilages, and ligaments of the body. It serves to
support the body, protect the brain and other internal
organs, and provides a rigid structure upon which
muscles can pull to generate body movements. It also
stores fat and the tissue responsible for the production
of blood cells. The skeleton is subdivided into two
parts. The axial skeleton forms a vertical axis that
includes the head, neck, back, and chest. It has 80
bones and consists of the skull, vertebral column, and
thoracic cage. The adult vertebral column consists of
24 vertebrae plus the sacrum and coccyx. The thoracic
cage is formed by 12 pairs of ribs and the sternum. The
appendicular skeleton consists of 126 bones in the
adult and includes all of the bones of the upper and
lower limbs plus the bones that anchor each limb to
the axial skeleton.

7.2 The Skull

The skull consists of the brain case and the facial
bones. The brain case surrounds and protects the
brain, which occupies the cranial cavity inside the skull.
It consists of the rounded calvaria and a complex base.
The brain case is formed by eight bones, the paired
parietal and temporal bones plus the unpaired frontal,
occipital, sphenoid, and ethmoid bones. The narrow
gap between the bones is filled with dense, fibrous
connective tissue that unites the bones. The sagittal
suture joins the right and left parietal bones. The
coronal suture joins the parietal bones to the frontal
bone, the lambdoid suture joins them to the occipital
bone, and the squamous suture joins them to the
temporal bone.

The facial bones support the facial structures and form
the upper and lower jaws. These consist of 14 bones,
with the paired maxillary, palatine, zygomatic, nasal,
lacrimal, and inferior conchae bones and the unpaired
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vomer and mandible bones. The ethmoid bone also
contributes to the formation of facial structures. The
maxilla forms the upper jaw and the mandible forms
the lower jaw. The maxilla also forms the larger
anterior portion of the hard palate, which is completed
by the smaller palatine bones that form the posterior
portion of the hard palate.

The floor of the cranial cavity increases in depth from
front to back and is divided into three cranial fossae.
The anterior cranial fossa is located between the
frontal bone and lesser wing of the sphenoid bone. A
small area of the ethmoid bone, consisting of the crista
galli and cribriform plates, is located at the midline of
this fossa. The middle cranial fossa extends from the
lesser wing of the sphenoid bone to the petrous ridge
(petrous portion of temporal bone). The right and left
sides are separated at the midline by the sella turcica,
which surrounds the shallow hypophyseal fossa.
Openings through the skull in the floor of the middle
fossa include the optic canal and superior orbital
fissure, which open into the posterior orbit, the
foramen rotundum, foramen ovale, and foramen
spinosum, and the exit of the carotid canal with its
underlying foramen lacerum. The deep posterior
cranial fossa extends from the petrous ridge to the
occipital bone. Openings here include the large
foramen magnum, plus the internal acoustic meatus,
jugular foramina, and hypoglossal canals. Additional
openings located on the external base of the skull
include the stylomastoid foramen and the entrance to
the carotid canal.

The anterior skull has the orbits that house the
eyeballs and associated muscles. The walls of the orbit
are formed by contributions from seven bones: the
frontal, zygomatic, maxillary, palatine, ethmoid,
lacrimal, and sphenoid. Located at the superior margin
of the orbit is the supraorbital foramen, and below the
orbit is the infraorbital foramen. The mandible has two
openings, the mandibular foramen on its inner surface
and the mental foramen on its external surface near
the chin. The nasal conchae are bony projections from
the lateral walls of the nasal cavity. The large inferior
nasal concha is an independent bone, while the middle
and superior conchae are parts of the ethmoid bone.
The nasal septum is formed by the perpendicular plate
of the ethmoid bone, the vomer bone, and the septal
cartilage. The paranasal sinuses are air-filled spaces
located within the frontal, maxillary, sphenoid, and
ethmoid bones.

On the lateral skull, the zygomatic arch consists of two
parts, the temporal process of the zygomatic bone
anteriorly and the zygomatic process of the temporal

bone posteriorly. The temporal fossa is the shallow
space located on the lateral skull above the level of the
zygomatic arch. The infratemporal fossa is located
below the zygomatic arch and deep to the ramus of the
mandible.

The hyoid bone is located in the upper neck and does
not join with any other bone. It is held in position by
muscles and serves to support the tongue above, the
larynx below, and the pharynx posteriorly.

7.3 The Vertebral Column

The vertebral column forms the neck and back. The
vertebral column originally develops as 33 vertebrae,
but is eventually reduced to 24 vertebrae, plus the
sacrum and coccyx. The vertebrae are divided into the
cervical region (C1–C7 vertebrae), the thoracic region
(T1–T12 vertebrae), and the lumbar region (L1–L5
vertebrae). The sacrum arises from the fusion of five
sacral vertebrae and the coccyx from the fusion of four
small coccygeal vertebrae. The vertebral column has
four curvatures, the cervical, thoracic, lumbar, and
sacrococcygeal curves. The thoracic and
sacrococcygeal curves are primary curves retained
from the original fetal curvature. The cervical and
lumbar curves develop after birth and thus are
secondary curves. The cervical curve develops as the
infant begins to hold up the head, and the lumbar curve
appears with standing and walking.

A typical vertebra consists of an enlarged anterior
portion called the body, which provides weight-bearing
support. Attached posteriorly to the body is a vertebral
arch, which surrounds and defines the vertebral
foramen for passage of the spinal cord. The vertebral
arch consists of the pedicles, which attach to the
vertebral body, and the laminae, which come together
to form the roof of the arch. Arising from the vertebral
arch are the laterally projecting transverse processes
and the posteriorly oriented spinous process. The
superior articular processes project upward, where
they articulate with the downward projecting inferior
articular processes of the next higher vertebrae.

A typical cervical vertebra has a small body, a bifid (Y-
shaped) spinous process, and U-shaped transverse
processes with a transverse foramen. In addition to
these characteristics, the axis (C2 vertebra) also has
the dens projecting upward from the vertebral body.
The atlas (C1 vertebra) differs from the other cervical
vertebrae in that it does not have a body, but instead
consists of bony ring formed by the anterior and
posterior arches. The atlas articulates with the dens
from the axis. A typical thoracic vertebra is
distinguished by its long, downward projecting spinous
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process. Thoracic vertebrae also have articulation
facets on the body and transverse processes for
attachment of the ribs. Lumbar vertebrae support the
greatest amount of body weight and thus have a large,
thick body. They also have a short, blunt spinous
process. The sacrum is triangular in shape. The median
sacral crest is formed by the fused vertebral spinous
processes and the lateral sacral crest is derived from
the fused transverse processes. Anterior (ventral) and
posterior (dorsal) sacral foramina allow branches of the
sacral spinal nerves to exit the sacrum. The auricular
surfaces are articulation sites on the lateral sacrum
that anchor the sacrum to the hipbones to form the
pelvis. The coccyx is small and derived from the fusion
of four small vertebrae.

The intervertebral discs fill in the gaps between the
bodies of adjacent vertebrae. They provide strong
attachments and padding between the vertebrae. The
outer, fibrous layer of a disc is called the anulus
fibrosus. The gel-like interior is called the nucleus
pulposus. The disc can change shape to allow for
movement between vertebrae. If the anulus fibrosus is
weakened or damaged, the nucleus pulposus can
protrude outward, resulting in a herniated disc.

The anterior longitudinal ligament runs along the full
length of the anterior vertebral column, uniting the
vertebral bodies. The supraspinous ligament is located
posteriorly and interconnects the spinous processes of
the thoracic and lumbar vertebrae. In the neck, this
ligament expands to become the nuchal ligament. The
nuchal ligament is attached to the cervical spinous
processes and superiorly to the base of the skull, out to
the external occipital protuberance. The posterior
longitudinal ligament runs within the vertebral canal
and unites the posterior sides of the vertebral bodies.
The ligamentum flavum unites the lamina of adjacent
vertebrae.

7.4 The Thoracic Cage

The thoracic cage protects the heart and lungs. It is
composed of 12 pairs of ribs with their costal cartilages
and the sternum. The ribs are anchored posteriorly to
the 12 thoracic vertebrae. The sternum consists of the
manubrium, body, and xiphoid process. The
manubrium and body are joined at the sternal angle,
which is also the site for attachment of the second ribs.

Ribs are flattened, curved bones and are numbered
1–12. Posteriorly, the head of the rib articulates with
the costal facets located on the bodies of thoracic
vertebrae and the rib tubercle articulates with the facet
located on the vertebral transverse process. The angle

of the ribs forms the most posterior portion of the
thoracic cage. The costal groove in the inferior margin
of each rib carries blood vessels and a nerve.
Anteriorly, each rib ends in a costal cartilage. True ribs
(1–7) attach directly to the sternum via their costal
cartilage. The false ribs (8–12) either attach to the
sternum indirectly or not at all. Ribs 8–10 have their
costal cartilages attached to the cartilage of the next
higher rib. The floating ribs (11–12) are short and do
not attach to the sternum or to another rib.

7.5 Embryonic Development of the Axial
Skeleton

Formation of the axial skeleton begins during early
embryonic development with the appearance of the
rod-like notochord along the dorsal length of the early
embryo. Repeating, paired blocks of tissue called
somites then appear along either side of notochord. As
the somites grow, they split into parts, one of which is
called a sclerotome. This consists of mesenchyme, the
embryonic tissue that will become the bones,
cartilages, and connective tissues of the body.

Mesenchyme in the head region will produce the bones
of the skull via two different mechanisms. The bones of
the brain case arise via intramembranous ossification
in which embryonic mesenchyme tissue converts
directly into bone. At the time of birth, these bones are
separated by fontanelles, wide areas of fibrous
connective tissue. As the bones grow, the fontanelles
are reduced to sutures, which allow for continued
growth of the skull throughout childhood. In contrast,
the cranial base and facial bones are produced by the
process of endochondral ossification, in which
mesenchyme tissue initially produces a hyaline
cartilage model of the future bone. The cartilage model
allows for growth of the bone and is gradually
converted into bone over a period of many years.

The vertebrae, ribs, and sternum also develop via
endochondral ossification. Mesenchyme accumulates
around the notochord and produces hyaline cartilage
models of the vertebrae. The notochord largely
disappears, but remnants of the notochord contribute
to formation of the intervertebral discs. In the thorax
region, a portion of the vertebral cartilage model splits
off to form the ribs. These then become attached
anteriorly to the developing cartilage model of the
sternum. Growth of the cartilage models for the
vertebrae, ribs, and sternum allow for enlargement of
the thoracic cage during childhood and adolescence.
The cartilage models gradually undergo ossification
and are converted into bone.
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Interactive Link Questions
1. Watch this video (http://openstax.org/l/skull1) to

view a rotating and exploded skull with color-coded
bones. Which bone (yellow) is centrally located and
joins with most of the other bones of the skull?

2. View this animation (http://openstax.org/l/
headblow) to see how a blow to the head may
produce a contrecoup (counterblow) fracture of the
basilar portion of the occipital bone on the base of
the skull. Why may a basilar fracture be life
threatening?

3. Osteoporosis is a common age-related bone
disease in which bone density and strength is
decreased. Watch this video (http://openstax.org/l/
osteoporosis) to get a better understanding of how
thoracic vertebrae may become weakened and may
fractured due to this disease. How may vertebral
osteoporosis contribute to kyphosis?

4. Watch this video (http://openstax.org/l/herndisc1)
to learn about a herniated disc. Watch this second
video (http://openstax.org/l/herndisc2) to see one
possible treatment for a herniated disc, removing
the damaged portion of the disc. How could lifting a
heavy object produce pain in a lower limb?

5. Use this tool (http://openstax.org/l/vertcolumn) to
identify the bones, intervertebral discs, and
ligaments of the vertebral column. The thickest
portions of the anterior longitudinal ligament and
the supraspinous ligament are found in which
regions of the vertebral column?

6. View this video (http://openstax.org/l/skullbones)
to review the two processes that give rise to the
bones of the skull and body. What are the two
mechanisms by which the bones of the body are
formed and which bones are formed by each
mechanism?

Review Questions
7. Which of the following is part of the axial skeleton?

a. shoulder bones
b. thigh bone
c. foot bones
d. vertebral column

8. Which of the following is a function of the axial
skeleton?
a. allows for movement of the wrist and hand
b. protects nerves and blood vessels at the elbow
c. supports trunk of body
d. allows for movements of the ankle and foot

9. The axial skeleton ________.
a. consists of 126 bones
b. forms the vertical axis of the body
c. includes all bones of the body trunk and limbs
d. includes only the bones of the lower limbs

10. Which of the following is a bone of the brain case?
a. parietal bone
b. zygomatic bone
c. maxillary bone
d. lacrimal bone

11. The lambdoid suture joins the parietal bone to the
________.
a. frontal bone
b. occipital bone
c. other parietal bone
d. temporal bone

12. The middle cranial fossa ________.
a. is bounded anteriorly by the petrous ridge
b. is bounded posteriorly by the lesser wing of

the sphenoid bone
c. is divided at the midline by a small area of the

ethmoid bone
d. has the foramen rotundum, foramen ovale,

and foramen spinosum

13. The paranasal sinuses are ________.
a. air-filled spaces found within the frontal,

maxilla, sphenoid, and ethmoid bones only
b. air-filled spaces found within all bones of the

skull
c. not connected to the nasal cavity
d. divided at the midline by the nasal septum

14. Parts of the sphenoid bone include the ________.
a. sella turcica
b. squamous portion
c. glabella
d. zygomatic process

15. The bony openings of the skull include the
________.
a. carotid canal, which is located in the anterior

cranial fossa
b. superior orbital fissure, which is located at the

superior margin of the anterior orbit
c. mental foramen, which is located just below

the orbit
d. hypoglossal canal, which is located in the

posterior cranial fossa
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16. The cervical region of the vertebral column
consists of ________.
a. seven vertebrae
b. 12 vertebrae
c. five vertebrae
d. a single bone derived from the fusion of five

vertebrae

17. The primary curvatures of the vertebral column
________.
a. include the lumbar curve
b. are remnants of the original fetal curvature
c. include the cervical curve
d. develop after the time of birth

18. A typical vertebra has ________.
a. a vertebral foramen that passes through the

body
b. a superior articular process that projects

downward to articulate with the superior
portion of the next lower vertebra

c. lamina that spans between the transverse
process and spinous process

d. a pair of laterally projecting spinous
processes

19. A typical lumbar vertebra has ________.
a. a short, rounded spinous process
b. a bifid spinous process
c. articulation sites for ribs
d. a transverse foramen

20. Which is found only in the cervical region of the
vertebral column?
a. nuchal ligament
b. ligamentum flavum
c. supraspinous ligament
d. anterior longitudinal ligament

21. The sternum ________.
a. consists of only two parts, the manubrium

and xiphoid process
b. has the sternal angle located between the

manubrium and body
c. receives direct attachments from the costal

cartilages of all 12 pairs of ribs
d. articulates directly with the thoracic

vertebrae

22. The sternal angle is the ________.
a. junction between the body and xiphoid

process
b. site for attachment of the clavicle
c. site for attachment of the floating ribs
d. junction between the manubrium and body

23. The tubercle of a rib ________.
a. is for articulation with the transverse process

of a thoracic vertebra
b. is for articulation with the body of a thoracic

vertebra
c. provides for passage of blood vessels and a

nerve
d. is the area of greatest rib curvature

24. True ribs are ________.
a. ribs 8–12
b. attached via their costal cartilage to the next

higher rib
c. made entirely of bone, and thus do not have a

costal cartilage
d. attached via their costal cartilage directly to

the sternum

25. Embryonic development of the axial skeleton
involves ________.
a. intramembranous ossification, which forms

the facial bones.
b. endochondral ossification, which forms the

ribs and sternum
c. the notochord, which produces the cartilage

models for the vertebrae
d. the formation of hyaline cartilage models,

which give rise to the flat bones of the skull

26. A fontanelle ________.
a. is the cartilage model for a vertebra that later

is converted into bone
b. gives rise to the facial bones and vertebrae
c. is the rod-like structure that runs the length of

the early embryo
d. is the area of fibrous connective tissue found

at birth between the brain case bones

Critical Thinking Questions
27. Define the two divisions of the skeleton.
28. Discuss the functions of the axial skeleton.
29. Define and list the bones that form the brain case

or support the facial structures.

30. Identify the major sutures of the skull, their
locations, and the bones united by each.
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31. Describe the anterior, middle, and posterior
cranial fossae and their boundaries, and give the
midline structure that divides each into right and
left areas.

32. Describe the parts of the nasal septum in both the
dry and living skull.

33. Describe the vertebral column and define each
region.

34. Describe a typical vertebra.
35. Describe the sacrum.
36. Describe the structure and function of an

intervertebral disc.
37. Define the ligaments of the vertebral column.

38. Define the parts and functions of the thoracic
cage.

39. Describe the parts of the sternum.
40. Discuss the parts of a typical rib.
41. Define the classes of ribs.
42. Discuss the processes by which the brain-case

bones of the skull are formed and grow during
skull enlargement.

43. Discuss the process that gives rise to the base and
facial bones of the skull.

44. Discuss the development of the vertebrae, ribs,
and sternum.
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INTRODUCTION

CHAPTER 8
The Appendicular Skeleton

CHAPTER OBJECTIVES
After studying this chapter, you will be able to:

• Discuss the bones of the pectoral and pelvic girdles, and describe how these unite the limbs with the axial
skeleton

• Describe the bones of the upper limb, including the bones of the arm, forearm, wrist, and hand
• Identify the features of the pelvis and explain how these differ between the adult male and female pelvis
• Describe the bones of the lower limb, including the bones of the thigh, leg, ankle, and foot
• Describe the embryonic formation and growth of the limb bones

Your skeleton provides the internal supporting structure of the body. The adult axial skeleton
consists of 80 bones that form the head and body trunk. Attached to this are the limbs, whose 126 bones constitute
the appendicular skeleton. These bones are divided into two groups: the bones that are located within the limbs
themselves, and the girdle bones that attach the limbs to the axial skeleton. The bones of the shoulder region form
the pectoral girdle, which anchors the upper limb to the thoracic cage of the axial skeleton. The lower limb is
attached to the vertebral column by the pelvic girdle.

Because of our upright stance, different functional demands are placed upon the upper and lower limbs. Thus, the
bones of the lower limbs are adapted for weight-bearing support and stability, as well as for body locomotion via
walking or running. In contrast, our upper limbs are not required for these functions. Instead, our upper limbs are
highly mobile and can be utilized for a wide variety of activities. The large range of upper limb movements, coupled
with the ability to easily manipulate objects with our hands and opposable thumbs, has allowed humans to
construct the modern world in which we live.

8.1 The Pectoral Girdle
LEARNING OBJECTIVES
By the end of this section, you will be able to:

• Describe the bones that form the pectoral girdle
• List the functions of the pectoral girdle

The appendicular skeleton includes all of the limb bones, plus the bones that unite each limb with the axial skeleton

Figure 8.1 Dancer The appendicular skeleton consists of the upper and lower limb bones, the bones of the hands and feet, and the bones
that anchor the limbs to the axial skeleton. (credit: Melissa Dooley/flickr)



(Figure 8.2). The bones that attach each upper limb to the axial skeleton form the pectoral girdle (shoulder girdle).
This consists of two bones, the scapula and clavicle (Figure 8.3). The clavicle (collarbone) is an S-shaped bone
located on the anterior side of the shoulder. It is attached on its medial end to the sternum of the thoracic cage,
which is part of the axial skeleton. The lateral end of the clavicle articulates (joins) with the scapula just above the
shoulder joint. You can easily palpate, or feel with your fingers, the entire length of your clavicle.

FIGURE 8.2 Axial and Appendicular Skeletons The axial skeleton forms the central axis of the body and consists of the skull,
vertebral column, and thoracic cage. The appendicular skeleton consists of the pectoral and pelvic girdles, the limb bones, and the bones of
the hands and feet.
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FIGURE 8.3 Pectoral Girdle The pectoral girdle consists of the clavicle and the scapula, which serve to attach the upper limb to the
sternum of the axial skeleton.

The scapula (shoulder blade) lies on the posterior aspect of the shoulder. It is supported by the clavicle and
articulates with the humerus (arm bone) to form the shoulder joint. The scapula is a flat, triangular-shaped bone
with a prominent ridge running across its posterior surface. This ridge extends out laterally, where it forms the bony
tip of the shoulder and joins with the lateral end of the clavicle. By following along the clavicle, you can palpate out
to the bony tip of the shoulder, and from there, you can move back across your posterior shoulder to follow the ridge
of the scapula. Move your shoulder around and feel how the clavicle and scapula move together as a unit. Both of
these bones serve as important attachment sites for muscles that aid with movements of the shoulder and arm.

The right and left pectoral girdles are not joined to each other, allowing each to operate independently. In addition,
the clavicle of each pectoral girdle is anchored to the axial skeleton by a single, highly mobile joint. This allows for
the extensive mobility of the entire pectoral girdle, which in turn enhances movements of the shoulder and upper
limb.

Clavicle

The clavicle is the only long bone that lies in a horizontal position in the body (see Figure 8.3). The clavicle has
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several important functions. First, anchored by muscles from above, it serves as a strut that extends laterally to
support the scapula. This in turn holds the shoulder joint superiorly and laterally from the body trunk, allowing for
maximal freedom of motion for the upper limb. The clavicle also transmits forces acting on the upper limb to the
sternum and axial skeleton. Finally, it serves to protect the underlying nerves and blood vessels as they pass
between the trunk of the body and the upper limb.

The clavicle has three regions: the medial end, the lateral end, and the shaft. The medial end, known as the sternal
end of the clavicle, has a triangular shape and articulates with the manubrium portion of the sternum. This forms
the sternoclavicular joint, which is the only bony articulation between the pectoral girdle of the upper limb and the
axial skeleton. This joint allows considerable mobility, enabling the clavicle and scapula to move in upward/
downward and anterior/posterior directions during shoulder movements. The sternoclavicular joint is indirectly
supported by the costoclavicular ligament (costo- = “rib”), which spans the sternal end of the clavicle and the
underlying first rib. The lateral or acromial end of the clavicle articulates with the acromion of the scapula, the
portion of the scapula that forms the bony tip of the shoulder. There are some sex differences in the morphology of
the clavicle. In females, the clavicle tends to be shorter, thinner, and less curved. In males, the clavicle is heavier
and longer, and has a greater curvature and rougher surfaces where muscles attach, features that are more
pronounced in manual workers.

The clavicle is the most commonly fractured bone in the body. Such breaks often occur because of the force exerted
on the clavicle when a person falls onto their outstretched arms, or when the lateral shoulder receives a strong
blow. Because the sternoclavicular joint is strong and rarely dislocated, excessive force results in the breaking of the
clavicle, usually between the middle and lateral portions of the bone. If the fracture is complete, the shoulder and
lateral clavicle fragment will drop due to the weight of the upper limb, causing the person to support the sagging
limb with their other hand. Muscles acting across the shoulder will also pull the shoulder and lateral clavicle
anteriorly and medially, causing the clavicle fragments to override. The clavicle overlies many important blood
vessels and nerves for the upper limb, but fortunately, due to the anterior displacement of a broken clavicle, these
structures are rarely affected when the clavicle is fractured.

Scapula

The scapula is also part of the pectoral girdle and thus plays an important role in anchoring the upper limb to the
body. The scapula is located on the posterior side of the shoulder. It is surrounded by muscles on both its anterior
(deep) and posterior (superficial) sides, and thus does not articulate with the ribs of the thoracic cage.

The scapula has several important landmarks (Figure 8.4). The three margins or borders of the scapula, named for
their positions within the body, are the superior border of the scapula, the medial border of the scapula, and the
lateral border of the scapula. The suprascapular notch is located lateral to the midpoint of the superior border.
The corners of the triangular scapula, at either end of the medial border, are the superior angle of the scapula,
located between the medial and superior borders, and the inferior angle of the scapula, located between the
medial and lateral borders. The inferior angle is the most inferior portion of the scapula, and is particularly important
because it serves as the attachment point for several powerful muscles involved in shoulder and upper limb
movements. The remaining corner of the scapula, between the superior and lateral borders, is the location of the
glenoid cavity (glenoid fossa). This shallow depression articulates with the humerus bone of the arm to form the
glenohumeral joint (shoulder joint). The small bony bumps located immediately above and below the glenoid cavity
are the supraglenoid tubercle and the infraglenoid tubercle, respectively. These provide attachments for muscles
of the arm.
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FIGURE 8.4 Scapula The isolated scapula is shown here from its anterior (deep) side and its posterior (superficial) side.

The scapula also has two prominent projections. Toward the lateral end of the superior border, between the
suprascapular notch and glenoid cavity, is the hook-like coracoid process (coracoid = “shaped like a crow’s beak”).
This process projects anteriorly and curves laterally. At the shoulder, the coracoid process is located inferior to the
lateral end of the clavicle. It is anchored to the clavicle by a strong ligament, and serves as the attachment site for
muscles of the anterior chest and arm. On the posterior aspect, the spine of the scapula is a long and prominent
ridge that runs across its upper portion. Extending laterally from the spine is a flattened and expanded region called
the acromion or acromial process. The acromion forms the bony tip of the superior shoulder region and articulates
with the lateral end of the clavicle, forming the acromioclavicular joint (see Figure 8.3). Together, the clavicle,
acromion, and spine of the scapula form a V-shaped bony line that provides for the attachment of neck and back
muscles that act on the shoulder, as well as muscles that pass across the shoulder joint to act on the arm.

The scapula has three depressions, each of which is called a fossa (plural = fossae). Two of these are found on the
posterior scapula, above and below the scapular spine. Superior to the spine is the narrow supraspinous fossa, and
inferior to the spine is the broad infraspinous fossa. The anterior (deep) surface of the scapula forms the broad
subscapular fossa. All of these fossae provide large surface areas for the attachment of muscles that cross the
shoulder joint to act on the humerus.

The acromioclavicular joint transmits forces from the upper limb to the clavicle. The ligaments around this joint are
relatively weak. A hard fall onto the elbow or outstretched hand can stretch or tear the acromioclavicular ligaments,
resulting in a moderate injury to the joint. However, the primary support for the acromioclavicular joint comes from a
very strong ligament called the coracoclavicular ligament (see Figure 8.3). This connective tissue band anchors the
coracoid process of the scapula to the inferior surface of the acromial end of the clavicle and thus provides
important indirect support for the acromioclavicular joint. Following a strong blow to the lateral shoulder, such as
when a hockey player is driven into the boards, a complete dislocation of the acromioclavicular joint can result. In
this case, the acromion is thrust under the acromial end of the clavicle, resulting in ruptures of both the
acromioclavicular and coracoclavicular ligaments. The scapula then separates from the clavicle, with the weight of
the upper limb pulling the shoulder downward. This dislocation injury of the acromioclavicular joint is known as a
“shoulder separation” and is common in contact sports such as hockey, football, or martial arts.

8.2 Bones of the Upper Limb
LEARNING OBJECTIVES
By the end of this section, you will be able to:

• Identify the divisions of the upper limb and describe the bones in each region
• List the bones and bony landmarks that articulate at each joint of the upper limb
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The upper limb is divided into three regions. These consist of the arm, located between the shoulder and elbow
joints; the forearm, which is between the elbow and wrist joints; and the hand, which is located distal to the wrist.
There are 30 bones in each upper limb (see Figure 8.2). The humerus is the single bone of the upper arm, and the
ulna (medially) and the radius (laterally) are the paired bones of the forearm. The base of the hand contains eight
bones, each called a carpal bone, and the palm of the hand is formed by five bones, each called a metacarpal bone.
The fingers and thumb contain a total of 14 bones, each of which is a phalanx bone of the hand.

Humerus

The humerus is the single bone of the upper arm region (Figure 8.5). At its proximal end is the head of the humerus.
This is the large, round, smooth region that faces medially. The head articulates with the glenoid cavity of the
scapula to form the glenohumeral (shoulder) joint. The margin of the smooth area of the head is the anatomical
neck of the humerus. Located on the lateral side of the proximal humerus is an expanded bony area called the
greater tubercle. The smaller lesser tubercle of the humerus is found on the anterior aspect of the humerus. Both
the greater and lesser tubercles serve as attachment sites for muscles that act across the shoulder joint. Passing
between the greater and lesser tubercles is the narrow intertubercular groove (sulcus), which is also known as the
bicipital groove because it provides passage for a tendon of the biceps brachii muscle. The surgical neck is located
at the base of the expanded, proximal end of the humerus, where it joins the narrow shaft of the humerus. The
surgical neck is a common site of arm fractures. The deltoid tuberosity is a roughened, V-shaped region located on
the lateral side in the middle of the humerus shaft. As its name indicates, it is the site of attachment for the deltoid
muscle.

FIGURE 8.5 Humerus and Elbow Joint The humerus is the single bone of the upper arm region. It articulates with the radius and ulna
bones of the forearm to form the elbow joint.

Distally, the humerus becomes flattened. The prominent bony projection on the medial side is the medial
epicondyle of the humerus. The much smaller lateral epicondyle of the humerus is found on the lateral side of the
distal humerus. The roughened ridge of bone above the lateral epicondyle is the lateral supracondylar ridge. All of
these areas are attachment points for muscles that act on the forearm, wrist, and hand. The powerful grasping
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muscles of the anterior forearm arise from the medial epicondyle, which is thus larger and more robust than the
lateral epicondyle that gives rise to the weaker posterior forearm muscles.

The distal end of the humerus has two articulation areas, which join the ulna and radius bones of the forearm to
form the elbow joint. The more medial of these areas is the trochlea, a spindle- or pulley-shaped region (trochlea =
“pulley”), which articulates with the ulna bone. Immediately lateral to the trochlea is the capitulum (“small head”),
a knob-like structure located on the anterior surface of the distal humerus. The capitulum articulates with the radius
bone of the forearm. Just above these bony areas are two small depressions. These spaces accommodate the
forearm bones when the elbow is fully bent (flexed). Superior to the trochlea is the coronoid fossa, which receives
the coronoid process of the ulna, and above the capitulum is the radial fossa, which receives the head of the radius
when the elbow is flexed. Similarly, the posterior humerus has the olecranon fossa, a larger depression that
receives the olecranon process of the ulna when the forearm is fully extended.

Ulna

The ulna is the medial bone of the forearm. It runs parallel to the radius, which is the lateral bone of the forearm
(Figure 8.6). The proximal end of the ulna resembles a crescent wrench with its large, C-shaped trochlear notch.
This region articulates with the trochlea of the humerus as part of the elbow joint. The inferior margin of the
trochlear notch is formed by a prominent lip of bone called the coronoid process of the ulna. Just below this on the
anterior ulna is a roughened area called the ulnar tuberosity. To the lateral side and slightly inferior to the trochlear
notch is a small, smooth area called the radial notch of the ulna. This area is the site of articulation between the
proximal radius and the ulna, forming the proximal radioulnar joint. The posterior and superior portions of the
proximal ulna make up the olecranon process, which forms the bony tip of the elbow.

FIGURE 8.6 Ulna and Radius The ulna is located on the medial side of the forearm, and the radius is on the lateral side. These bones
are attached to each other by an interosseous membrane.

More distal is the shaft of the ulna. The lateral side of the shaft forms a ridge called the interosseous border of the
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ulna. This is the line of attachment for the interosseous membrane of the forearm, a sheet of dense connective
tissue that unites the ulna and radius bones. The small, rounded area that forms the distal end is the head of the
ulna. Projecting from the posterior side of the ulnar head is the styloid process of the ulna, a short bony projection.
This serves as an attachment point for a connective tissue structure that unites the distal ends of the ulna and
radius.

In the anatomical position, with the elbow fully extended and the palms facing forward, the arm and forearm do not
form a straight line. Instead, the forearm deviates laterally by 5–15 degrees from the line of the arm. This deviation
is called the carrying angle. It allows the forearm and hand to swing freely or to carry an object without hitting the
hip. The carrying angle is larger in females to accommodate their wider pelvis.

Radius

The radius runs parallel to the ulna, on the lateral (thumb) side of the forearm (see Figure 8.6). The head of the
radius is a disc-shaped structure that forms the proximal end. The small depression on the surface of the head
articulates with the capitulum of the humerus as part of the elbow joint, whereas the smooth, outer margin of the
head articulates with the radial notch of the ulna at the proximal radioulnar joint. The neck of the radius is the
narrowed region immediately below the expanded head. Inferior to this point on the medial side is the radial
tuberosity, an oval-shaped, bony protuberance that serves as a muscle attachment point. The shaft of the radius is
slightly curved and has a small ridge along its medial side. This ridge forms the interosseous border of the radius,
which, like the similar border of the ulna, is the line of attachment for the interosseous membrane that unites the
two forearm bones. The distal end of the radius has a smooth surface for articulation with two carpal bones to form
the radiocarpal joint or wrist joint (Figure 8.7 and Figure 8.8). On the medial side of the distal radius is the ulnar
notch of the radius. This shallow depression articulates with the head of the ulna, which together form the distal
radioulnar joint. The lateral end of the radius has a pointed projection called the styloid process of the radius. This
provides attachment for ligaments that support the lateral side of the wrist joint. Compared to the styloid process of
the ulna, the styloid process of the radius projects more distally, thereby limiting the range of movement for lateral
deviations of the hand at the wrist joint.

INTERACTIVE LINK

Watch this video (http://openstax.org/l/fractures) to see how fractures of the distal radius bone can affect the wrist
joint. Explain the problems that may occur if a fracture of the distal radius involves the joint surface of the
radiocarpal joint of the wrist.

Carpal Bones

The wrist and base of the hand are formed by a series of eight small carpal bones (see Figure 8.7). The carpal bones
are arranged in two rows, forming a proximal row of four carpal bones and a distal row of four carpal bones. The
bones in the proximal row, running from the lateral (thumb) side to the medial side, are the scaphoid (“boat-
shaped”), lunate (“moon-shaped”), triquetrum (“three-cornered”), and pisiform (“pea-shaped”) bones. The small,
rounded pisiform bone articulates with the anterior surface of the triquetrum bone. The pisiform thus projects
anteriorly, where it forms the bony bump that can be felt at the medial base of your hand. The distal bones (lateral to
medial) are the trapezium (“table”), trapezoid (“resembles a table”), capitate (“head-shaped”), and hamate
(“hooked bone”) bones. The hamate bone is characterized by a prominent bony extension on its anterior side called
the hook of the hamate bone.

A helpful mnemonic for remembering the arrangement of the carpal bones is “So Long To Pinky, Here Comes The
Thumb.” This mnemonic starts on the lateral side and names the proximal bones from lateral to medial (scaphoid,
lunate, triquetrum, pisiform), then makes a U-turn to name the distal bones from medial to lateral (hamate, capitate,
trapezoid, trapezium). Thus, it starts and finishes on the lateral side.
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FIGURE 8.7 Bones of the Wrist and Hand The eight carpal bones form the base of the hand. These are arranged into proximal and
distal rows of four bones each. The metacarpal bones form the palm of the hand. The thumb and fingers consist of the phalanx bones.

The carpal bones form the base of the hand. This can be seen in the radiograph (X-ray image) of the hand that shows
the relationships of the hand bones to the skin creases of the hand (see Figure 8.8). Within the carpal bones, the
four proximal bones are united to each other by ligaments to form a unit. Only three of these bones, the scaphoid,
lunate, and triquetrum, contribute to the radiocarpal joint. The scaphoid and lunate bones articulate directly with
the distal end of the radius, whereas the triquetrum bone articulates with a fibrocartilaginous pad that spans the
radius and styloid process of the ulna. The distal end of the ulna thus does not directly articulate with any of the
carpal bones.

The four distal carpal bones are also held together as a group by ligaments. The proximal and distal rows of carpal
bones articulate with each other to form the midcarpal joint (see Figure 8.8). Together, the radiocarpal and
midcarpal joints are responsible for all movements of the hand at the wrist. The distal carpal bones also articulate
with the metacarpal bones of the hand.
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FIGURE 8.8 Bones of the Hand This radiograph shows the position of the bones within the hand. Note the carpal bones that form the
base of the hand. (credit: modification of work by Trace Meek)

In the articulated hand, the carpal bones form a U-shaped grouping. A strong ligament called the flexor
retinaculum spans the top of this U-shaped area to maintain this grouping of the carpal bones. The flexor
retinaculum is attached laterally to the trapezium and scaphoid bones, and medially to the hamate and pisiform
bones. Together, the carpal bones and the flexor retinaculum form a passageway called the carpal tunnel, with the
carpal bones forming the walls and floor, and the flexor retinaculum forming the roof of this space (Figure 8.9). The
tendons of nine muscles of the anterior forearm and an important nerve pass through this narrow tunnel to enter the
hand. Overuse of the muscle tendons or wrist injury can produce inflammation and swelling within this space. This
produces compression of the nerve, resulting in carpal tunnel syndrome, which is characterized by pain or
numbness, and muscle weakness in those areas of the hand supplied by this nerve.

FIGURE 8.9 Carpal Tunnel The carpal tunnel is the passageway by which nine muscle tendons and a major nerve enter the hand from
the anterior forearm. The walls and floor of the carpal tunnel are formed by the U-shaped grouping of the carpal bones, and the roof is
formed by the flexor retinaculum, a strong ligament that anteriorly unites the bones.

Metacarpal Bones

The palm of the hand contains five elongated metacarpal bones. These bones lie between the carpal bones of the
wrist and the bones of the fingers and thumb (see Figure 8.7). The proximal end of each metacarpal bone articulates
with one of the distal carpal bones. Each of these articulations is a carpometacarpal joint (see Figure 8.8). The
expanded distal end of each metacarpal bone articulates at the metacarpophalangeal joint with the proximal
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phalanx bone of the thumb or one of the fingers. The distal end also forms the knuckles of the hand, at the base of
the fingers. The metacarpal bones are numbered 1–5, beginning at the thumb.

The first metacarpal bone, at the base of the thumb, is separated from the other metacarpal bones. This allows it a
freedom of motion that is independent of the other metacarpal bones, which is very important for thumb mobility.
The remaining metacarpal bones are united together to form the palm of the hand. The second and third metacarpal
bones are firmly anchored in place and are immobile. However, the fourth and fifth metacarpal bones have limited
anterior-posterior mobility, a motion that is greater for the fifth bone. This mobility is important during power
gripping with the hand (Figure 8.10). The anterior movement of these bones, particularly the fifth metacarpal bone,
increases the strength of contact for the medial hand during gripping actions.

FIGURE 8.10 Hand During Gripping During tight gripping—compare (b) to (a)—the fourth and, particularly, the fifth metatarsal bones
are pulled anteriorly. This increases the contact between the object and the medial side of the hand, thus improving the firmness of the
grip.

Phalanx Bones

The fingers and thumb contain 14 bones, each of which is called a phalanx bone (plural = phalanges), named after
the ancient Greek phalanx (a rectangular block of soldiers). The thumb (pollex) is digit number 1 and has two
phalanges, a proximal phalanx, and a distal phalanx bone (see Figure 8.7). Digits 2 (index finger) through 5 (little
finger) have three phalanges each, called the proximal, middle, and distal phalanx bones. An interphalangeal joint
is one of the articulations between adjacent phalanges of the digits (see Figure 8.8).

INTERACTIVE LINK

Visit this site (http://openstax.org/l/handbone) to explore the bones and joints of the hand.

Disorders of the...

Appendicular System: Fractures of Upper Limb Bones
Due to our constant use of the hands and the rest of our upper limbs, an injury to any of these areas will cause a
significant loss of functional ability. Many fractures result from a hard fall onto an outstretched hand. The
resulting transmission of force up the limb may result in a fracture of the humerus, radius, or scaphoid bones.
These injuries are especially common in elderly people whose bones are weakened due to osteoporosis.

Falls onto the hand or elbow, or direct blows to the arm, can result in fractures of the humerus (Figure 8.11).
Following a fall, fractures at the surgical neck, the region at which the expanded proximal end of the humerus
joins with the shaft, can result in an impacted fracture, in which the distal portion of the humerus is driven into
the proximal portion. Falls or blows to the arm can also produce transverse or spiral fractures of the humeral
shaft.

In children, a fall onto the tip of the elbow frequently results in a distal humerus fracture. In these, the olecranon
of the ulna is driven upward, resulting in a fracture across the distal humerus, above both epicondyles
(supracondylar fracture), or a fracture between the epicondyles, thus separating one or both of the epicondyles
from the body of the humerus (intercondylar fracture). With these injuries, the immediate concern is possible
compression of the artery to the forearm due to swelling of the surrounding tissues. If compression occurs, the
resulting ischemia (lack of oxygen) due to reduced blood flow can quickly produce irreparable damage to the
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FIGURE 8.11 Fractures of the Humerus and Radius Falls or direct blows can result in fractures of the surgical neck or shaft of the
humerus. Falls onto the elbow can fracture the distal humerus. A Colles fracture of the distal radius is the most common forearm fracture.

forearm muscles. In addition, four major nerves for shoulder and upper limb muscles are closely associated with
different regions of the humerus, and thus, humeral fractures may also damage these nerves.

Another frequent injury following a fall onto an outstretched hand is a Colles fracture (“col-lees”) of the distal
radius (see Figure 8.11). This involves a complete transverse fracture across the distal radius that drives the
separated distal fragment of the radius posteriorly and superiorly. This injury results in a characteristic “dinner
fork” bend of the forearm just above the wrist due to the posterior displacement of the hand. This is the most
frequent forearm fracture and is a common injury in persons over the age of 50, particularly in older people with
osteoporosis. It also commonly occurs following a high-speed fall onto the hand during activities such as
snowboarding or skating.

The most commonly fractured carpal bone is the scaphoid, often resulting from a fall onto the hand. Deep pain
at the lateral wrist may yield an initial diagnosis of a wrist sprain, but a radiograph taken several weeks after the
injury, after tissue swelling has subsided, will reveal the fracture. Due to the poor blood supply to the scaphoid
bone, healing will be slow and there is the danger of bone necrosis and subsequent degenerative joint disease of
the wrist.
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INTERACTIVE LINK

Watch this video (http://openstax.org/l/colles) to learn about a Colles fracture, a break of the distal radius, usually
caused by falling onto an outstretched hand. When would surgery be required and how would the fracture be
repaired in this case?

8.3 The Pelvic Girdle and Pelvis
LEARNING OBJECTIVES
By the end of this section, you will be able to:

• Define the pelvic girdle and describe the bones and ligaments of the pelvis
• Explain the three regions of the hip bone and identify their bony landmarks
• Describe the openings of the pelvis and the boundaries of the greater and lesser pelvis

The pelvic girdle (hip girdle) is formed by a single bone, the hip bone or coxal bone (coxal = “hip”), which serves as
the attachment point for each lower limb. Each hip bone, in turn, is firmly joined to the axial skeleton via its
attachment to the sacrum of the vertebral column. The right and left hip bones also converge anteriorly to attach to
each other. The bony pelvis is the entire structure formed by the two hip bones, the sacrum, and, attached inferiorly
to the sacrum, the coccyx (Figure 8.12).

Unlike the bones of the pectoral girdle, which are highly mobile to enhance the range of upper limb movements, the
bones of the pelvis are strongly united to each other to form a largely immobile, weight-bearing structure. This is
important for stability because it enables the weight of the body to be easily transferred laterally from the vertebral
column, through the pelvic girdle and hip joints, and into either lower limb whenever the other limb is not bearing
weight. Thus, the immobility of the pelvis provides a strong foundation for the upper body as it rests on top of the
mobile lower limbs.

FIGURE 8.12 Pelvis The pelvic girdle is formed by a single hip bone. The hip bone attaches the lower limb to the axial skeleton through
its articulation with the sacrum. The right and left hip bones, plus the sacrum and the coccyx, together form the pelvis.

Hip Bone

The hip bone, or coxal bone, forms the pelvic girdle portion of the pelvis. The paired hip bones are the large, curved
bones that form the lateral and anterior aspects of the pelvis. Each adult hip bone is formed by three separate bones
that fuse together during the late teenage years. These bony components are the ilium, ischium, and pubis (Figure
8.13). These names are retained and used to define the three regions of the adult hip bone.
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FIGURE 8.13 The Hip Bone The adult hip bone consists of three regions. The ilium forms the large, fan-shaped superior portion, the
ischium forms the posteroinferior portion, and the pubis forms the anteromedial portion.

The ilium is the fan-like, superior region that forms the largest part of the hip bone. It is firmly united to the sacrum
at the largely immobile sacroiliac joint (see Figure 8.12). The ischium forms the posteroinferior region of each hip
bone. It supports the body when sitting. The pubis forms the anterior portion of the hip bone. The pubis curves
medially, where it joins to the pubis of the opposite hip bone at a specialized joint called the pubic symphysis.

Ilium
When you place your hands on your waist, you can feel the arching, superior margin of the ilium along your waistline
(see Figure 8.13). This curved, superior margin of the ilium is the iliac crest. The rounded, anterior termination of
the iliac crest is the anterior superior iliac spine. This important bony landmark can be felt at your anterolateral hip.
Inferior to the anterior superior iliac spine is a rounded protuberance called the anterior inferior iliac spine. Both of
these iliac spines serve as attachment points for muscles of the thigh. Posteriorly, the iliac crest curves downward to
terminate as the posterior superior iliac spine. Muscles and ligaments surround but do not cover this bony
landmark, thus sometimes producing a depression seen as a “dimple” located on the lower back. More inferiorly is
the posterior inferior iliac spine. This is located at the inferior end of a large, roughened area called the auricular
surface of the ilium. The auricular surface articulates with the auricular surface of the sacrum to form the sacroiliac
joint. Both the posterior superior and posterior inferior iliac spines serve as attachment points for the muscles and
very strong ligaments that support the sacroiliac joint.

The shallow depression located on the anteromedial (internal) surface of the upper ilium is called the iliac fossa.
The inferior margin of this space is formed by the arcuate line of the ilium, the ridge formed by the pronounced
change in curvature between the upper and lower portions of the ilium. The large, inverted U-shaped indentation
located on the posterior margin of the lower ilium is called the greater sciatic notch.

Ischium
The ischium forms the posterolateral portion of the hip bone (see Figure 8.13). The large, roughened area of the
inferior ischium is the ischial tuberosity. This serves as the attachment for the posterior thigh muscles and also
carries the weight of the body when sitting. You can feel the ischial tuberosity if you wiggle your pelvis against the
seat of a chair. Projecting superiorly and anteriorly from the ischial tuberosity is a narrow segment of bone called the
ischial ramus. The slightly curved posterior margin of the ischium above the ischial tuberosity is the lesser sciatic
notch. The bony projection separating the lesser sciatic notch and greater sciatic notch is the ischial spine.
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Pubis
The pubis forms the anterior portion of the hip bone (see Figure 8.13). The enlarged medial portion of the pubis is
the pubic body. Located superiorly on the pubic body is a small bump called the pubic tubercle. The superior
pubic ramus is the segment of bone that passes laterally from the pubic body to join the ilium. The narrow ridge
running along the superior margin of the superior pubic ramus is the pectineal line of the pubis.

The pubic body is joined to the pubic body of the opposite hip bone by the pubic symphysis. Extending downward
and laterally from the body is the inferior pubic ramus. The pubic arch is the bony structure formed by the pubic
symphysis, and the bodies and inferior pubic rami of the adjacent pubic bones. The inferior pubic ramus extends
downward to join the ischial ramus. Together, these form the single ischiopubic ramus, which extends from the
pubic body to the ischial tuberosity. The inverted V-shape formed as the ischiopubic rami from both sides come
together at the pubic symphysis is called the subpubic angle.

Pelvis

The pelvis consists of four bones: the right and left hip bones, the sacrum, and the coccyx (see Figure 8.12). The
pelvis has several important functions. Its primary role is to support the weight of the upper body when sitting and
to transfer this weight to the lower limbs when standing. It serves as an attachment point for trunk and lower limb
muscles, and also protects the internal pelvic organs. When standing in the anatomical position, the pelvis is tilted
anteriorly. In this position, the anterior superior iliac spines and the pubic tubercles lie in the same vertical plane,
and the anterior (internal) surface of the sacrum faces forward and downward.

The three areas of each hip bone, the ilium, pubis, and ischium, converge centrally to form a deep, cup-shaped
cavity called the acetabulum. This is located on the lateral side of the hip bone and is part of the hip joint. The large
opening in the anteroinferior hip bone between the ischium and pubis is the obturator foramen. This space is
largely filled in by a layer of connective tissue and serves for the attachment of muscles on both its internal and
external surfaces.

Several ligaments unite the bones of the pelvis (Figure 8.14). The largely immobile sacroiliac joint is supported by a
pair of strong ligaments that are attached between the sacrum and ilium portions of the hip bone. These are the
anterior sacroiliac ligament on the anterior side of the joint and the posterior sacroiliac ligament on the posterior
side. Also spanning the sacrum and hip bone are two additional ligaments. The sacrospinous ligament runs from
the sacrum to the ischial spine, and the sacrotuberous ligament runs from the sacrum to the ischial tuberosity.
These ligaments help to support and immobilize the sacrum as it carries the weight of the body.

FIGURE 8.14 Ligaments of the Pelvis The posterior sacroiliac ligament supports the sacroiliac joint. The sacrospinous ligament spans
the sacrum to the ischial spine, and the sacrotuberous ligament spans the sacrum to the ischial tuberosity. The sacrospinous and
sacrotuberous ligaments contribute to the formation of the greater and lesser sciatic foramina.
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INTERACTIVE LINK

Watch this video (http://openstax.org/l/3Dpelvis) for a 3-D view of the pelvis and its associated ligaments. What is
the large opening in the bony pelvis, located between the ischium and pubic regions, and what two parts of the
pubis contribute to the formation of this opening?

The sacrospinous and sacrotuberous ligaments also help to define two openings on the posterolateral sides of the
pelvis through which muscles, nerves, and blood vessels for the lower limb exit. The superior opening is the greater
sciatic foramen. This large opening is formed by the greater sciatic notch of the hip bone, the sacrum, and the
sacrospinous ligament. The smaller, more inferior lesser sciatic foramen is formed by the lesser sciatic notch of the
hip bone, together with the sacrospinous and sacrotuberous ligaments.

The space enclosed by the bony pelvis is divided into two regions (Figure 8.15). The broad, superior region, defined
laterally by the large, fan-like portion of the upper hip bone, is called the greater pelvis (greater pelvic cavity; false
pelvis). This broad area is occupied by portions of the small and large intestines, and because it is more closely
associated with the abdominal cavity, it is sometimes referred to as the false pelvis. More inferiorly, the narrow,
rounded space of the lesser pelvis (lesser pelvic cavity; true pelvis) contains the bladder and other pelvic organs,
and thus is also known as the true pelvis. The pelvic brim (also known as the pelvic inlet) forms the superior margin
of the lesser pelvis, separating it from the greater pelvis. The pelvic brim is defined by a line formed by the upper
margin of the pubic symphysis anteriorly, and the pectineal line of the pubis, the arcuate line of the ilium, and the
sacral promontory (the anterior margin of the superior sacrum) posteriorly. The inferior limit of the lesser pelvic
cavity is called the pelvic outlet. This large opening is defined by the inferior margin of the pubic symphysis
anteriorly, and the ischiopubic ramus, the ischial tuberosity, the sacrotuberous ligament, and the inferior tip of the
coccyx posteriorly. Because of the anterior tilt of the pelvis, the lesser pelvis is also angled, giving it an
anterosuperior (pelvic inlet) to posteroinferior (pelvic outlet) orientation.

FIGURE 8.15 Male and Female Pelvis The female pelvis is adapted for childbirth and is broader, with a larger subpubic angle, a
rounder pelvic brim, and a wider and more shallow lesser pelvic cavity than the male pelvis.

Comparison of the Female and Male Pelvis
The differences between the adult female and male pelvis relate to function and body size. In general, the bones of
the male pelvis are thicker and heavier, adapted for support of the male’s heavier physical build and stronger
muscles. The greater sciatic notch of the male hip bone is narrower and deeper than the broader notch of females.
Because the female pelvis is adapted for childbirth, it is wider than the male pelvis, as evidenced by the distance
between the anterior superior iliac spines (see Figure 8.15). The ischial tuberosities of females are also farther
apart, which increases the size of the pelvic outlet. Because of this increased pelvic width, the subpubic angle is
larger in females (greater than 80 degrees) than it is in males (less than 70 degrees). The female sacrum is wider,
shorter, and less curved, and the sacral promontory projects less into the pelvic cavity, thus giving the female pelvic
inlet (pelvic brim) a more rounded or oval shape compared to males. The lesser pelvic cavity of females is also wider
and more shallow than the narrower, deeper, and tapering lesser pelvis of males. Because of the obvious differences
between female and male hip bones, this is the one bone of the body that allows for the most accurate sex
determination. Table 8.1 provides an overview of the general differences between the female and male pelvis.
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Overview of Differences between the Female and Male Pelvis

Female pelvis Male pelvis

Pelvic weight
Bones of the pelvis are lighter and
thinner

Bones of the pelvis are thicker and
heavier

Pelvic inlet shape Pelvic inlet has a round or oval shape Pelvic inlet is heart-shaped

Lesser pelvic cavity
shape

Lesser pelvic cavity is shorter and wider
Lesser pelvic cavity is longer and
narrower

Subpubic angle
Subpubic angle is greater than 80
degrees

Subpubic angle is less than 70 degrees

Pelvic outlet shape Pelvic outlet is rounded and larger Pelvic outlet is smaller

TABLE 8.1

CAREER CONNECTION

Forensic Pathology and Forensic Anthropology
A forensic pathologist (also known as a medical examiner) is a medically trained physician who has been specifically
trained in pathology to examine the bodies of the deceased to determine the cause of death. A forensic pathologist
applies understanding of disease as well as toxins, blood and DNA analysis, firearms and ballistics, and other factors
to assess the cause and manner of death. At times, a forensic pathologist will be called to testify under oath in
situations that involve a possible crime. Forensic pathology is a field that has received much media attention on
television shows or following a high-profile death.

While forensic pathologists are responsible for determining whether the cause of someone’s death was natural, by
suicide, accidental, or by homicide, there are times when uncovering the cause of death is more complex, and other
skills are needed. Forensic anthropology brings the tools and knowledge of physical anthropology and human
osteology (the study of the skeleton) to the task of investigating a death. A forensic anthropologist assists medical
and legal professionals in identifying human remains. The science behind forensic anthropology involves the study
of archaeological excavation; the examination of hair; an understanding of plants, insects, and footprints; the ability
to determine how much time has elapsed since the person died; the analysis of past medical history and toxicology;
the ability to determine whether there are any postmortem injuries or alterations of the skeleton; and the
identification of the decedent (deceased person) using skeletal and dental evidence.

Due to the extensive knowledge and understanding of excavation techniques, a forensic anthropologist is an integral
and invaluable team member to have on-site when investigating a crime scene, especially when the recovery of
human skeletal remains is involved. When remains are bought to a forensic anthropologist for examination, they
must first determine whether the remains are in fact human. Once the remains have been identified as belonging to
a person and not to an animal, the next step is to approximate the individual’s age, sex, race, and height. The
forensic anthropologist does not determine the cause of death, but rather provides information to the forensic
pathologist, who will use all of the data collected to make a final determination regarding the cause of death.

8.4 Bones of the Lower Limb
LEARNING OBJECTIVES
By the end of this section, you will be able to:

• Identify the divisions of the lower limb and describe the bones of each region
• Describe the bones and bony landmarks that articulate at each joint of the lower limb
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Like the upper limb, the lower limb is divided into three regions. The thigh is that portion of the lower limb located
between the hip joint and knee joint. The leg is specifically the region between the knee joint and the ankle joint.
Distal to the ankle is the foot. The lower limb contains 30 bones. These are the femur, patella, tibia, fibula, tarsal
bones, metatarsal bones, and phalanges (see Figure 8.2). The femur is the single bone of the thigh. The patella is
the kneecap and articulates with the distal femur. The tibia is the larger, weight-bearing bone located on the medial
side of the leg, and the fibula is the thin bone of the lateral leg. The bones of the foot are divided into three groups.
The posterior portion of the foot is formed by a group of seven bones, each of which is known as a tarsal bone,
whereas the mid-foot contains five elongated bones, each of which is a metatarsal bone. The toes contain 14 small
bones, each of which is a phalanx bone of the foot.

Femur

The femur, or thigh bone, is the single bone of the thigh region (Figure 8.16). It is the longest and strongest bone of
the body, and accounts for approximately one-quarter of a person’s total height. The rounded, proximal end is the
head of the femur, which articulates with the acetabulum of the hip bone to form the hip joint. The fovea capitis is
a minor indentation on the medial side of the femoral head that serves as the site of attachment for the ligament of
the head of the femur. This ligament spans the femur and acetabulum, but is weak and provides little support for
the hip joint. It does, however, carry an important artery that supplies the head of the femur.
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FIGURE 8.16 Femur and Patella The femur is the single bone of the thigh region. It articulates superiorly with the hip bone at the hip
joint, and inferiorly with the tibia at the knee joint. The patella only articulates with the distal end of the femur.

The narrowed region below the head is the neck of the femur. This is a common area for fractures of the femur. The
greater trochanter is the large, upward, bony projection located above the base of the neck. Multiple muscles that
act across the hip joint attach to the greater trochanter, which, because of its projection from the femur, gives
additional leverage to these muscles. The greater trochanter can be felt just under the skin on the lateral side of
your upper thigh. The lesser trochanter is a small, bony prominence that lies on the medial aspect of the femur, just
below the neck. A single, powerful muscle attaches to the lesser trochanter. Running between the greater and lesser
trochanters on the anterior side of the femur is the roughened intertrochanteric line. The trochanters are also
connected on the posterior side of the femur by the larger intertrochanteric crest.

The elongated shaft of the femur has a slight anterior bowing or curvature. At its proximal end, the posterior shaft
has the gluteal tuberosity, a roughened area extending inferiorly from the greater trochanter. More inferiorly, the
gluteal tuberosity becomes continuous with the linea aspera (“rough line”). This is the roughened ridge that passes
distally along the posterior side of the mid-femur. Multiple muscles of the hip and thigh regions make long, thin
attachments to the femur along the linea aspera.

The distal end of the femur has medial and lateral bony expansions. On the lateral side, the smooth portion that
covers the distal and posterior aspects of the lateral expansion is the lateral condyle of the femur. The roughened
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area on the outer, lateral side of the condyle is the lateral epicondyle of the femur. Similarly, the smooth region of
the distal and posterior medial femur is the medial condyle of the femur, and the irregular outer, medial side of this
is the medial epicondyle of the femur. The lateral and medial condyles articulate with the tibia to form the knee
joint. The epicondyles provide attachment for muscles and supporting ligaments of the knee. The adductor tubercle
is a small bump located at the superior margin of the medial epicondyle. Posteriorly, the medial and lateral condyles
are separated by a deep depression called the intercondylar fossa. Anteriorly, the smooth surfaces of the condyles
join together to form a wide groove called the patellar surface, which provides for articulation with the patella bone.
The combination of the medial and lateral condyles with the patellar surface gives the distal end of the femur a
horseshoe (U) shape.

INTERACTIVE LINK

Watch this video (http://openstax.org/l/midfemur) to view how a fracture of the mid-femur is surgically repaired.
How are the two portions of the broken femur stabilized during surgical repair of a fractured femur?

Patella

The patella (kneecap) is largest sesamoid bone of the body (see Figure 8.16). A sesamoid bone is a bone that is
incorporated into the tendon of a muscle where that tendon crosses a joint. The sesamoid bone articulates with the
underlying bones to prevent damage to the muscle tendon due to rubbing against the bones during movements of
the joint. The patella is found in the tendon of the quadriceps femoris muscle, the large muscle of the anterior thigh
that passes across the anterior knee to attach to the tibia. The patella articulates with the patellar surface of the
femur and thus prevents rubbing of the muscle tendon against the distal femur. The patella also lifts the tendon
away from the knee joint, which increases the leverage power of the quadriceps femoris muscle as it acts across the
knee. The patella does not articulate with the tibia.

INTERACTIVE LINK

Visit this site (http://openstax.org/l/kneesurgery) to watch a virtual knee replacement surgery. The prosthetic knee
components must be properly aligned to function properly. How is this alignment ensured?

HOMEOSTATIC IMBALANCES

Runner’s Knee
Runner’s knee, also known as patellofemoral syndrome, is the most common overuse injury among runners. It is
most frequent in adolescents and young adults, and is more common in females. It often results from excessive
running, particularly downhill, but may also occur in athletes who do a lot of knee bending, such as jumpers, skiers,
cyclists, weight lifters, and soccer players. It is felt as a dull, aching pain around the front of the knee and deep to
the patella. The pain may be felt when walking or running, going up or down stairs, kneeling or squatting, or after
sitting with the knee bent for an extended period.

Patellofemoral syndrome may be initiated by a variety of causes, including individual variations in the shape and
movement of the patella, a direct blow to the patella, or flat feet or improper shoes that cause excessive turning in
or out of the feet or leg. These factors may cause in an imbalance in the muscle pull that acts on the patella,
resulting in an abnormal tracking of the patella that allows it to deviate too far toward the lateral side of the patellar
surface on the distal femur.

Because the hips are wider than the knee region, the femur has a diagonal orientation within the thigh, in contrast to
the vertically oriented tibia of the leg (Figure 8.17). The Q-angle is a measure of how far the femur is angled laterally
away from vertical. The Q-angle is normally 10–15 degrees, with females typically having a larger Q-angle due to
their wider pelvis. During extension of the knee, the quadriceps femoris muscle pulls the patella both superiorly and
laterally, with the lateral pull greater in females due to their large Q-angle. This makes females more vulnerable to
developing patellofemoral syndrome than males. Normally, the large lip on the lateral side of the patellar surface of
the femur compensates for the lateral pull on the patella, and thus helps to maintain its proper tracking.
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However, if the pull produced by the medial and lateral sides of the quadriceps femoris muscle is not properly
balanced, abnormal tracking of the patella toward the lateral side may occur. With continued use, this produces pain
and could result in damage to the articulating surfaces of the patella and femur, and the possible future
development of arthritis. Treatment generally involves stopping the activity that produces knee pain for a period of
time, followed by a gradual resumption of activity. Proper strengthening of the quadriceps femoris muscle to correct
for imbalances is also important to help prevent reoccurrence.

FIGURE 8.17 The Q-Angle The Q-angle is a measure of the amount of lateral deviation of the femur from the vertical line of the tibia.
Adult females have a larger Q-angle due to their wider pelvis than adult males.

Tibia

The tibia (shin bone) is the medial bone of the leg and is larger than the fibula, with which it is paired (Figure 8.18).
The tibia is the main weight-bearing bone of the lower leg and the second longest bone of the body, after the femur.
The medial side of the tibia is located immediately under the skin, allowing it to be easily palpated down the entire
length of the medial leg.
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FIGURE 8.18 Tibia and Fibula The tibia is the larger, weight-bearing bone located on the medial side of the leg. The fibula is the
slender bone of the lateral side of the leg and does not bear weight.

The proximal end of the tibia is greatly expanded. The two sides of this expansion form the medial condyle of the
tibia and the lateral condyle of the tibia. The tibia does not have epicondyles. The top surface of each condyle is
smooth and flattened. These areas articulate with the medial and lateral condyles of the femur to form the knee
joint. Between the articulating surfaces of the tibial condyles is the intercondylar eminence, an irregular, elevated
area that serves as the inferior attachment point for two supporting ligaments of the knee.

The tibial tuberosity is an elevated area on the anterior side of the tibia, near its proximal end. It is the final site of
attachment for the muscle tendon associated with the patella. More inferiorly, the shaft of the tibia becomes
triangular in shape.

The anterior apex of this triangle forms the anterior border of the tibia, which begins at the tibial tuberosity and
runs inferiorly along the length of the tibia. Both the anterior border and the medial side of the triangular shaft are
located immediately under the skin and can be easily palpated along the entire length of the tibia. A small ridge
running down the lateral side of the tibial shaft is the interosseous border of the tibia. This is for the attachment of
the interosseous membrane of the leg, the sheet of dense connective tissue that unites the tibia and fibula bones.
Located on the posterior side of the tibia is the soleal line, a diagonally running, roughened ridge that begins below
the base of the lateral condyle, and runs down and medially across the proximal third of the posterior tibia. Muscles
of the posterior leg attach to this line.

The large expansion found on the medial side of the distal tibia is the medial malleolus (“little hammer”). This
forms the large bony bump found on the medial side of the ankle region. Both the smooth surface on the inside of
the medial malleolus and the smooth area at the distal end of the tibia articulate with the talus bone of the foot as
part of the ankle joint. On the lateral side of the distal tibia is a wide groove called the fibular notch. This area
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articulates with the distal end of the fibula, forming the distal tibiofibular joint.

Fibula

The fibula is the slender bone located on the lateral side of the leg (see Figure 8.18). The fibula does not bear
weight. It serves primarily for muscle attachments and thus is largely surrounded by muscles. Only the proximal and
distal ends of the fibula can be palpated.

The head of the fibula is the small, knob-like, proximal end of the fibula. It articulates with the inferior aspect of the
lateral tibial condyle, forming the proximal tibiofibular joint. The thin shaft of the fibula has the interosseous
border of the fibula, a narrow ridge running down its medial side for the attachment of the interosseous membrane
that spans the fibula and tibia. The distal end of the fibula forms the lateral malleolus, which forms the easily
palpated bony bump on the lateral side of the ankle. The deep (medial) side of the lateral malleolus articulates with
the talus bone of the foot as part of the ankle joint. The distal fibula also articulates with the fibular notch of the
tibia.

Tarsal Bones

The posterior half of the foot is formed by seven tarsal bones (Figure 8.19). The most superior bone is the talus. This
has a relatively square-shaped, upper surface that articulates with the tibia and fibula to form the ankle joint. Three
areas of articulation form the ankle joint: The superomedial surface of the talus bone articulates with the medial
malleolus of the tibia, the top of the talus articulates with the distal end of the tibia, and the lateral side of the talus
articulates with the lateral malleolus of the fibula. Inferiorly, the talus articulates with the calcaneus (heel bone),
the largest bone of the foot, which forms the heel. Body weight is transferred from the tibia to the talus to the
calcaneus, which rests on the ground. The medial calcaneus has a prominent bony extension called the
sustentaculum tali (“support for the talus”) that supports the medial side of the talus bone.

FIGURE 8.19 Bones of the Foot The bones of the foot are divided into three groups. The posterior foot is formed by the seven tarsal
bones. The mid-foot has the five metatarsal bones. The toes contain the phalanges.

The cuboid bone articulates with the anterior end of the calcaneus bone. The cuboid has a deep groove running
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across its inferior surface, which provides passage for a muscle tendon. The talus bone articulates anteriorly with
the navicular bone, which in turn articulates anteriorly with the three cuneiform (“wedge-shaped”) bones. These
bones are the medial cuneiform, the intermediate cuneiform, and the lateral cuneiform. Each of these bones has
a broad superior surface and a narrow inferior surface, which together produce the transverse (medial-lateral)
curvature of the foot. The navicular and lateral cuneiform bones also articulate with the medial side of the cuboid
bone.

INTERACTIVE LINK

Use this tutorial (http://openstax.org/l/footbones) to review the bones of the foot. Which tarsal bones are in the
proximal, intermediate, and distal groups?

Metatarsal Bones

The anterior half of the foot is formed by the five metatarsal bones, which are located between the tarsal bones of
the posterior foot and the phalanges of the toes (see Figure 8.19). These elongated bones are numbered 1–5,
starting with the medial side of the foot. The first metatarsal bone is shorter and thicker than the others. The second
metatarsal is the longest. The base of the metatarsal bone is the proximal end of each metatarsal bone. These
articulate with the cuboid or cuneiform bones. The base of the fifth metatarsal has a large, lateral expansion that
provides for muscle attachments. This expanded base of the fifth metatarsal can be felt as a bony bump at the
midpoint along the lateral border of the foot. The expanded distal end of each metatarsal is the head of the
metatarsal bone. Each metatarsal bone articulates with the proximal phalanx of a toe to form a
metatarsophalangeal joint. The heads of the metatarsal bones also rest on the ground and form the ball (anterior
end) of the foot.

Phalanges

The toes contain a total of 14 phalanx bones (phalanges), arranged in a similar manner as the phalanges of the
fingers (see Figure 8.19). The toes are numbered 1–5, starting with the big toe (hallux). The big toe has two phalanx
bones, the proximal and distal phalanges. The remaining toes all have proximal, middle, and distal phalanges. A joint
between adjacent phalanx bones is called an interphalangeal joint.

INTERACTIVE LINK

View this link (http://openstax.org/l/bunion) to learn about a bunion, a localized swelling on the medial side of the
foot, next to the first metatarsophalangeal joint, at the base of the big toe. What is a bunion and what type of shoe is
most likely to cause this to develop?

Arches of the Foot

When the foot comes into contact with the ground during walking, running, or jumping activities, the impact of the
body weight puts a tremendous amount of pressure and force on the foot. During running, the force applied to each
foot as it contacts the ground can be up to 2.5 times your body weight. The bones, joints, ligaments, and muscles of
the foot absorb this force, thus greatly reducing the amount of shock that is passed superiorly into the lower limb
and body. The arches of the foot play an important role in this shock-absorbing ability. When weight is applied to the
foot, these arches will flatten somewhat, thus absorbing energy. When the weight is removed, the arch rebounds,
giving “spring” to the step. The arches also serve to distribute body weight side to side and to either end of the foot.

The foot has a transverse arch, a medial longitudinal arch, and a lateral longitudinal arch (see Figure 8.19). The
transverse arch forms the medial-lateral curvature of the mid-foot. It is formed by the wedge shapes of the
cuneiform bones and bases (proximal ends) of the first to fourth metatarsal bones. This arch helps to distribute
body weight from side to side within the foot, thus allowing the foot to accommodate uneven terrain.

The longitudinal arches run down the length of the foot. The lateral longitudinal arch is relatively flat, whereas the
medial longitudinal arch is larger (taller). The longitudinal arches are formed by the tarsal bones posteriorly and the
metatarsal bones anteriorly. These arches are supported at either end, where they contact the ground. Posteriorly,
this support is provided by the calcaneus bone and anteriorly by the heads (distal ends) of the metatarsal bones.
The talus bone, which receives the weight of the body, is located at the top of the longitudinal arches. Body weight is
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then conveyed from the talus to the ground by the anterior and posterior ends of these arches. Strong ligaments
unite the adjacent foot bones to prevent disruption of the arches during weight bearing. On the bottom of the foot,
additional ligaments tie together the anterior and posterior ends of the arches. These ligaments have elasticity,
which allows them to stretch somewhat during weight bearing, thus allowing the longitudinal arches to spread. The
stretching of these ligaments stores energy within the foot, rather than passing these forces into the leg. Contraction
of the foot muscles also plays an important role in this energy absorption. When the weight is removed, the elastic
ligaments recoil and pull the ends of the arches closer together. This recovery of the arches releases the stored
energy and improves the energy efficiency of walking.

Stretching of the ligaments that support the longitudinal arches can lead to pain. This can occur in overweight
individuals, with people who have jobs that involve standing for long periods of time (such as a waitress), or walking
or running long distances. If stretching of the ligaments is prolonged, excessive, or repeated, it can result in a
gradual lengthening of the supporting ligaments, with subsequent depression or collapse of the longitudinal arches,
particularly on the medial side of the foot. This condition is called pes planus (“flat foot” or “fallen arches”).

8.5 Development of the Appendicular Skeleton
LEARNING OBJECTIVES
By the end of this section, you will be able to:

• Describe the growth and development of the embryonic limb buds
• Discuss the appearance of primary and secondary ossification centers

Embryologically, the appendicular skeleton arises from mesenchyme, a type of embryonic tissue that can
differentiate into many types of tissues, including bone or muscle tissue. Mesenchyme gives rise to the bones of the
upper and lower limbs, as well as to the pectoral and pelvic girdles. Development of the limbs begins near the end of
the fourth embryonic week, with the upper limbs appearing first. Thereafter, the development of the upper and
lower limbs follows similar patterns, with the lower limbs lagging behind the upper limbs by a few days.

Limb Growth

Each upper and lower limb initially develops as a small bulge called a limb bud, which appears on the lateral side of
the early embryo. The upper limb bud appears near the end of the fourth week of development, with the lower limb
bud appearing shortly after (Figure 8.20).

FIGURE 8.20 Embryo at Seven Weeks Limb buds are visible in an embryo at the end of the seventh week of development (embryo
derived from an ectopic pregnancy). (credit: Ed Uthman/flickr)

Initially, the limb buds consist of a core of mesenchyme covered by a layer of ectoderm. The ectoderm at the end of
the limb bud thickens to form a narrow crest called the apical ectodermal ridge. This ridge stimulates the
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underlying mesenchyme to rapidly proliferate, producing the outgrowth of the developing limb. As the limb bud
elongates, cells located farther from the apical ectodermal ridge slow their rates of cell division and begin to
differentiate. In this way, the limb develops along a proximal-to-distal axis.

During the sixth week of development, the distal ends of the upper and lower limb buds expand and flatten into a
paddle shape. This region will become the hand or foot. The wrist or ankle areas then appear as a constriction that
develops at the base of the paddle. Shortly after this, a second constriction on the limb bud appears at the future
site of the elbow or knee. Within the paddle, areas of tissue undergo cell death, producing separations between the
growing fingers and toes. Also during the sixth week of development, mesenchyme within the limb buds begins to
differentiate into hyaline cartilage that will form models of the future limb bones.

The early outgrowth of the upper and lower limb buds initially has the limbs positioned so that the regions that will
become the palm of the hand or the bottom of the foot are facing medially toward the body, with the future thumb or
big toe both oriented toward the head. During the seventh week of development, the upper limb rotates laterally by
90 degrees, so that the palm of the hand faces anteriorly and the thumb points laterally. In contrast, the lower limb
undergoes a 90-degree medial rotation, thus bringing the big toe to the medial side of the foot.

INTERACTIVE LINK

Watch this animation (http://openstax.org/l/limbbuds) to follow the development and growth of the upper and lower
limb buds. On what days of embryonic development do these events occur: (a) first appearance of the upper limb
bud (limb ridge); (b) the flattening of the distal limb to form the handplate or footplate; and (c) the beginning of limb
rotation?

Ossification of Appendicular Bones

All of the girdle and limb bones, except for the clavicle, develop by the process of endochondral ossification. This
process begins as the mesenchyme within the limb bud differentiates into hyaline cartilage to form cartilage models
for future bones. By the twelfth week, a primary ossification center will have appeared in the diaphysis (shaft) region
of the long bones, initiating the process that converts the cartilage model into bone. A secondary ossification center
will appear in each epiphysis (expanded end) of these bones at a later time, usually after birth. The primary and
secondary ossification centers are separated by the epiphyseal plate, a layer of growing hyaline cartilage. This plate
is located between the diaphysis and each epiphysis. It continues to grow and is responsible for the lengthening of
the bone. The epiphyseal plate is retained for many years, until the bone reaches its final, adult size, at which time
the epiphyseal plate disappears and the epiphysis fuses to the diaphysis. (Seek additional content on ossification in
the chapter on bone tissue.)

Small bones, such as the phalanges, will develop only one secondary ossification center and will thus have only a
single epiphyseal plate. Large bones, such as the femur, will develop several secondary ossification centers, with an
epiphyseal plate associated with each secondary center. Thus, ossification of the femur begins at the end of the
seventh week with the appearance of the primary ossification center in the diaphysis, which rapidly expands to
ossify the shaft of the bone prior to birth. Secondary ossification centers develop at later times. Ossification of the
distal end of the femur, to form the condyles and epicondyles, begins shortly before birth. Secondary ossification
centers also appear in the femoral head late in the first year after birth, in the greater trochanter during the fourth
year, and in the lesser trochanter between the ages of 9 and 10 years. Once these areas have ossified, their fusion to
the diaphysis and the disappearance of each epiphyseal plate follow a reversed sequence. Thus, the lesser
trochanter is the first to fuse, doing so at the onset of puberty (around 11 years of age), followed by the greater
trochanter approximately 1 year later. The femoral head fuses between the ages of 14–17 years, whereas the distal
condyles of the femur are the last to fuse, between the ages of 16–19 years. Knowledge of the age at which different
epiphyseal plates disappear is important when interpreting radiographs taken of children. Since the cartilage of an
epiphyseal plate is less dense than bone, the plate will appear dark in a radiograph image. Thus, a normal
epiphyseal plate may be mistaken for a bone fracture.

The clavicle is the one appendicular skeleton bone that does not develop via endochondral ossification. Instead, the
clavicle develops through the process of intramembranous ossification. During this process, mesenchymal cells
differentiate directly into bone-producing cells, which produce the clavicle directly, without first making a cartilage
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model. Because of this early production of bone, the clavicle is the first bone of the body to begin ossification, with
ossification centers appearing during the fifth week of development. However, ossification of the clavicle is not
complete until age 25.

Disorders of the...

Appendicular System: Congenital Clubfoot
Clubfoot, also known as talipes, is a congenital (present at birth) disorder of unknown cause and is the most
common deformity of the lower limb. It affects the foot and ankle, causing the foot to be twisted inward at a
sharp angle, like the head of a golf club (Figure 8.21). Clubfoot has a frequency of about 1 out of every 1,000
births, and is twice as likely to occur in a male child as in a female child. In 50 percent of cases, both feet are
affected.

FIGURE 8.21 Clubfoot Clubfoot is a common deformity of the ankle and foot that is present at birth. Most cases are corrected
without surgery, and affected individuals will grow up to lead normal, active lives. (credit: James W. Hanson)

At birth, children with a clubfoot have the heel turned inward and the anterior foot twisted so that the lateral
side of the foot is facing inferiorly, commonly due to ligaments or leg muscles attached to the foot that are
shortened or abnormally tight. These pull the foot into an abnormal position, resulting in bone deformities. Other
symptoms may include bending of the ankle that lifts the heel of the foot and an extremely high foot arch. Due to
the limited range of motion in the affected foot, it is difficult to place the foot into the correct position.
Additionally, the affected foot may be shorter than normal, and the calf muscles are usually underdeveloped on
the affected side. Despite the appearance, this is not a painful condition for newborns. However, it must be
treated early to avoid future pain and impaired walking ability.

Although the cause of clubfoot is idiopathic (unknown), evidence indicates that fetal position within the uterus is
not a contributing factor. Genetic factors are involved, because clubfoot tends to run within families. Cigarette
smoking during pregnancy has been linked to the development of clubfoot, particularly in families with a history
of clubfoot.

Previously, clubfoot required extensive surgery. Today, 90 percent of cases are successfully treated without
surgery using new corrective casting techniques. The best chance for a full recovery requires that clubfoot
treatment begin during the first 2 weeks after birth. Corrective casting gently stretches the foot, which is
followed by the application of a holding cast to keep the foot in the proper position. This stretching and casting is
repeated weekly for several weeks. In severe cases, surgery may also be required, after which the foot typically
remains in a cast for 6 to 8 weeks. After the cast is removed following either surgical or nonsurgical treatment,
the child will be required to wear a brace part-time (at night) for up to 4 years. In addition, special exercises will
be prescribed, and the child must also wear special shoes. Close monitoring by the parents and adherence to
postoperative instructions are imperative in minimizing the risk of relapse.
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Despite these difficulties, treatment for clubfoot is usually successful, and the child will grow up to lead a
normal, active life. Numerous examples of individuals born with a clubfoot who went on to successful careers
include Dudley Moore (comedian and actor), Damon Wayans (comedian and actor), Troy Aikman (three-time
Super Bowl-winning quarterback), Kristi Yamaguchi (Olympic gold medalist in figure skating), Mia Hamm (two-
time Olympic gold medalist in soccer), and Charles Woodson (Heisman trophy and Super Bowl winner).
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Key Terms
acetabulum large, cup-shaped cavity located on the

lateral side of the hip bone; formed by the junction
of the ilium, pubis, and ischium portions of the hip
bone

acromial end of the clavicle lateral end of the
clavicle that articulates with the acromion of the
scapula

acromial process acromion of the scapula
acromioclavicular joint articulation between the

acromion of the scapula and the acromial end of the
clavicle

acromion flattened bony process that extends
laterally from the scapular spine to form the bony
tip of the shoulder

adductor tubercle small, bony bump located on the
superior aspect of the medial epicondyle of the
femur

anatomical neck line on the humerus located around
the outside margin of the humeral head

ankle joint joint that separates the leg and foot
portions of the lower limb; formed by the
articulations between the talus bone of the foot
inferiorly, and the distal end of the tibia, medial
malleolus of the tibia, and lateral malleolus of the
fibula superiorly

anterior border of the tibia narrow, anterior margin
of the tibia that extends inferiorly from the tibial
tuberosity

anterior inferior iliac spine small, bony projection
located on the anterior margin of the ilium, below
the anterior superior iliac spine

anterior sacroiliac ligament strong ligament
between the sacrum and the ilium portions of the
hip bone that supports the anterior side of the
sacroiliac joint

anterior superior iliac spine rounded, anterior end of
the iliac crest

apical ectodermal ridge enlarged ridge of ectoderm
at the distal end of a limb bud that stimulates
growth and elongation of the limb

arcuate line of the ilium smooth ridge located at the
inferior margin of the iliac fossa; forms the lateral
portion of the pelvic brim

arm region of the upper limb located between the
shoulder and elbow joints; contains the humerus
bone

auricular surface of the ilium roughened area
located on the posterior, medial side of the ilium of
the hip bone; articulates with the auricular surface
of the sacrum to form the sacroiliac joint

base of the metatarsal bone expanded, proximal
end of each metatarsal bone

bicipital groove intertubercular groove; narrow
groove located between the greater and lesser
tubercles of the humerus

calcaneus heel bone; posterior, inferior tarsal bone
that forms the heel of the foot

capitate from the lateral side, the third of the four
distal carpal bones; articulates with the scaphoid
and lunate proximally, the trapezoid laterally, the
hamate medially, and primarily with the third
metacarpal distally

capitulum knob-like bony structure located anteriorly
on the lateral, distal end of the humerus

carpal bone one of the eight small bones that form
the wrist and base of the hand; these are grouped as
a proximal row consisting of (from lateral to medial)
the scaphoid, lunate, triquetrum, and pisiform
bones, and a distal row containing (from lateral to
medial) the trapezium, trapezoid, capitate, and
hamate bones

carpal tunnel passageway between the anterior
forearm and hand formed by the carpal bones and
flexor retinaculum

carpometacarpal joint articulation between one of
the carpal bones in the distal row and a metacarpal
bone of the hand

clavicle collarbone; elongated bone that articulates
with the manubrium of the sternum medially and
the acromion of the scapula laterally

coracoclavicular ligament strong band of connective
tissue that anchors the coracoid process of the
scapula to the lateral clavicle; provides important
indirect support for the acromioclavicular joint

coracoid process short, hook-like process that
projects anteriorly and laterally from the superior
margin of the scapula

coronoid fossa depression on the anterior surface of
the humerus above the trochlea; this space receives
the coronoid process of the ulna when the elbow is
maximally flexed

coronoid process of the ulna projecting bony lip
located on the anterior, proximal ulna; forms the
inferior margin of the trochlear notch

costoclavicular ligament band of connective tissue
that unites the medial clavicle with the first rib

coxal bone hip bone
cuboid tarsal bone that articulates posteriorly with

the calcaneus bone, medially with the lateral
cuneiform bone, and anteriorly with the fourth and
fifth metatarsal bones

deltoid tuberosity roughened, V-shaped region
located laterally on the mid-shaft of the humerus

distal radioulnar joint articulation between the head
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of the ulna and the ulnar notch of the radius
distal tibiofibular joint articulation between the

distal fibula and the fibular notch of the tibia
elbow joint joint located between the upper arm and

forearm regions of the upper limb; formed by the
articulations between the trochlea of the humerus
and the trochlear notch of the ulna, and the
capitulum of the humerus and the head of the radius

femur thigh bone; the single bone of the thigh
fibula thin, non-weight-bearing bone found on the

lateral side of the leg
fibular notch wide groove on the lateral side of the

distal tibia for articulation with the fibula at the
distal tibiofibular joint

flexor retinaculum strong band of connective tissue
at the anterior wrist that spans the top of the U-
shaped grouping of the carpal bones to form the
roof of the carpal tunnel

foot portion of the lower limb located distal to the
ankle joint

forearm region of the upper limb located between
the elbow and wrist joints; contains the radius and
ulna bones

fossa (plural = fossae) shallow depression on the
surface of a bone

fovea capitis minor indentation on the head of the
femur that serves as the site of attachment for the
ligament to the head of the femur

glenohumeral joint shoulder joint; formed by the
articulation between the glenoid cavity of the
scapula and the head of the humerus

glenoid cavity (also, glenoid fossa) shallow
depression located on the lateral scapula, between
the superior and lateral borders

gluteal tuberosity roughened area on the posterior
side of the proximal femur, extending inferiorly from
the base of the greater trochanter

greater pelvis (also, greater pelvic cavity or false
pelvis) broad space above the pelvic brim defined
laterally by the fan-like portion of the upper ilium

greater sciatic foramen pelvic opening formed by the
greater sciatic notch of the hip bone, the sacrum,
and the sacrospinous ligament

greater sciatic notch large, U-shaped indentation
located on the posterior margin of the ilium,
superior to the ischial spine

greater trochanter large, bony expansion of the
femur that projects superiorly from the base of the
femoral neck

greater tubercle enlarged prominence located on the
lateral side of the proximal humerus

hallux big toe; digit 1 of the foot
hamate from the lateral side, the fourth of the four

distal carpal bones; articulates with the lunate and
triquetrum proximally, the fourth and fifth
metacarpals distally, and the capitate laterally

hand region of the upper limb distal to the wrist joint
head of the femur rounded, proximal end of the

femur that articulates with the acetabulum of the
hip bone to form the hip joint

head of the fibula small, knob-like, proximal end of
the fibula; articulates with the inferior aspect of the
lateral condyle of the tibia

head of the humerus smooth, rounded region on the
medial side of the proximal humerus; articulates
with the glenoid fossa of the scapula to form the
glenohumeral (shoulder) joint

head of the metatarsal bone expanded, distal end of
each metatarsal bone

head of the radius disc-shaped structure that forms
the proximal end of the radius; articulates with the
capitulum of the humerus as part of the elbow joint,
and with the radial notch of the ulna as part of the
proximal radioulnar joint

head of the ulna small, rounded distal end of the
ulna; articulates with the ulnar notch of the distal
radius, forming the distal radioulnar joint

hip bone coxal bone; single bone that forms the
pelvic girdle; consists of three areas, the ilium,
ischium, and pubis

hip joint joint located at the proximal end of the lower
limb; formed by the articulation between the
acetabulum of the hip bone and the head of the
femur

hook of the hamate bone bony extension located on
the anterior side of the hamate carpal bone

humerus single bone of the upper arm
iliac crest curved, superior margin of the ilium
iliac fossa shallow depression found on the anterior

and medial surfaces of the upper ilium
ilium superior portion of the hip bone
inferior angle of the scapula inferior corner of the

scapula located where the medial and lateral
borders meet

inferior pubic ramus narrow segment of bone that
passes inferiorly and laterally from the pubic body;
joins with the ischial ramus to form the ischiopubic
ramus

infraglenoid tubercle small bump or roughened area
located on the lateral border of the scapula, near
the inferior margin of the glenoid cavity

infraspinous fossa broad depression located on the
posterior scapula, inferior to the spine

intercondylar eminence irregular elevation on the
superior end of the tibia, between the articulating
surfaces of the medial and lateral condyles
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intercondylar fossa deep depression on the posterior
side of the distal femur that separates the medial
and lateral condyles

intermediate cuneiform middle of the three
cuneiform tarsal bones; articulates posteriorly with
the navicular bone, medially with the medial
cuneiform bone, laterally with the lateral cuneiform
bone, and anteriorly with the second metatarsal
bone

interosseous border of the fibula small ridge running
down the medial side of the fibular shaft; for
attachment of the interosseous membrane between
the fibula and tibia

interosseous border of the radius narrow ridge
located on the medial side of the radial shaft; for
attachment of the interosseous membrane between
the ulna and radius bones

interosseous border of the tibia small ridge running
down the lateral side of the tibial shaft; for
attachment of the interosseous membrane between
the tibia and fibula

interosseous border of the ulna narrow ridge located
on the lateral side of the ulnar shaft; for attachment
of the interosseous membrane between the ulna
and radius

interosseous membrane of the forearm sheet of
dense connective tissue that unites the radius and
ulna bones

interosseous membrane of the leg sheet of dense
connective tissue that unites the shafts of the tibia
and fibula bones

interphalangeal joint articulation between adjacent
phalanx bones of the hand or foot digits

intertrochanteric crest short, prominent ridge
running between the greater and lesser trochanters
on the posterior side of the proximal femur

intertrochanteric line small ridge running between
the greater and lesser trochanters on the anterior
side of the proximal femur

intertubercular groove (sulcus) bicipital groove;
narrow groove located between the greater and
lesser tubercles of the humerus

ischial ramus bony extension projecting anteriorly
and superiorly from the ischial tuberosity; joins with
the inferior pubic ramus to form the ischiopubic
ramus

ischial spine pointed, bony projection from the
posterior margin of the ischium that separates the
greater sciatic notch and lesser sciatic notch

ischial tuberosity large, roughened protuberance
that forms the posteroinferior portion of the hip
bone; weight-bearing region of the pelvis when
sitting

ischiopubic ramus narrow extension of bone that
connects the ischial tuberosity to the pubic body;
formed by the junction of the ischial ramus and
inferior pubic ramus

ischium posteroinferior portion of the hip bone
knee joint joint that separates the thigh and leg

portions of the lower limb; formed by the
articulations between the medial and lateral
condyles of the femur, and the medial and lateral
condyles of the tibia

lateral border of the scapula diagonally oriented
lateral margin of the scapula

lateral condyle of the femur smooth, articulating
surface that forms the distal and posterior sides of
the lateral expansion of the distal femur

lateral condyle of the tibia lateral, expanded region
of the proximal tibia that includes the smooth
surface that articulates with the lateral condyle of
the femur as part of the knee joint

lateral cuneiform most lateral of the three cuneiform
tarsal bones; articulates posteriorly with the
navicular bone, medially with the intermediate
cuneiform bone, laterally with the cuboid bone, and
anteriorly with the third metatarsal bone

lateral epicondyle of the femur roughened area of
the femur located on the lateral side of the lateral
condyle

lateral epicondyle of the humerus small projection
located on the lateral side of the distal humerus

lateral malleolus expanded distal end of the fibula
lateral supracondylar ridge narrow, bony ridge

located along the lateral side of the distal humerus,
superior to the lateral epicondyle

leg portion of the lower limb located between the
knee and ankle joints

lesser pelvis (also, lesser pelvic cavity or true pelvis)
narrow space located within the pelvis, defined
superiorly by the pelvic brim (pelvic inlet) and
inferiorly by the pelvic outlet

lesser sciatic foramen pelvic opening formed by the
lesser sciatic notch of the hip bone, the
sacrospinous ligament, and the sacrotuberous
ligament

lesser sciatic notch shallow indentation along the
posterior margin of the ischium, inferior to the
ischial spine

lesser trochanter small, bony projection on the
medial side of the proximal femur, at the base of the
femoral neck

lesser tubercle small, bony prominence located on
anterior side of the proximal humerus

ligament of the head of the femur ligament that
spans the acetabulum of the hip bone and the fovea
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capitis of the femoral head
limb bud small elevation that appears on the lateral

side of the embryo during the fourth or fifth week of
development, which gives rise to an upper or lower
limb

linea aspera longitudinally running bony ridge
located in the middle third of the posterior femur

lunate from the lateral side, the second of the four
proximal carpal bones; articulates with the radius
proximally, the capitate and hamate distally, the
scaphoid laterally, and the triquetrum medially

medial border of the scapula elongated, medial
margin of the scapula

medial condyle of the femur smooth, articulating
surface that forms the distal and posterior sides of
the medial expansion of the distal femur

medial condyle of the tibia medial, expanded region
of the proximal tibia that includes the smooth
surface that articulates with the medial condyle of
the femur as part of the knee joint

medial cuneiform most medial of the three
cuneiform tarsal bones; articulates posteriorly with
the navicular bone, laterally with the intermediate
cuneiform bone, and anteriorly with the first and
second metatarsal bones

medial epicondyle of the femur roughened area of
the distal femur located on the medial side of the
medial condyle

medial epicondyle of the humerus enlarged
projection located on the medial side of the distal
humerus

medial malleolus bony expansion located on the
medial side of the distal tibia

metacarpal bone one of the five long bones that form
the palm of the hand; numbered 1–5, starting on the
lateral (thumb) side of the hand

metacarpophalangeal joint articulation between the
distal end of a metacarpal bone of the hand and a
proximal phalanx bone of the thumb or a finger

metatarsal bone one of the five elongated bones that
forms the anterior half of the foot; numbered 1–5,
starting on the medial side of the foot

metatarsophalangeal joint articulation between a
metatarsal bone of the foot and the proximal
phalanx bone of a toe

midcarpal joint articulation between the proximal
and distal rows of the carpal bones; contributes to
movements of the hand at the wrist

navicular tarsal bone that articulates posteriorly with
the talus bone, laterally with the cuboid bone, and
anteriorly with the medial, intermediate, and lateral
cuneiform bones

neck of the femur narrowed region located inferior to

the head of the femur
neck of the radius narrowed region immediately

distal to the head of the radius
obturator foramen large opening located in the

anterior hip bone, between the pubis and ischium
regions

olecranon fossa large depression located on the
posterior side of the distal humerus; this space
receives the olecranon process of the ulna when the
elbow is fully extended

olecranon process expanded posterior and superior
portions of the proximal ulna; forms the bony tip of
the elbow

patella kneecap; the largest sesamoid bone of the
body; articulates with the distal femur

patellar surface smooth groove located on the
anterior side of the distal femur, between the medial
and lateral condyles; site of articulation for the
patella

pectineal line narrow ridge located on the superior
surface of the superior pubic ramus

pectoral girdle shoulder girdle; the set of bones,
consisting of the scapula and clavicle, which
attaches each upper limb to the axial skeleton

pelvic brim pelvic inlet; the dividing line between the
greater and lesser pelvic regions; formed by the
superior margin of the pubic symphysis, the
pectineal lines of each pubis, the arcuate lines of
each ilium, and the sacral promontory

pelvic girdle hip girdle; consists of a single hip bone,
which attaches a lower limb to the sacrum of the
axial skeleton

pelvic inlet pelvic brim
pelvic outlet inferior opening of the lesser pelvis;

formed by the inferior margin of the pubic
symphysis, right and left ischiopubic rami and
sacrotuberous ligaments, and the tip of the coccyx

pelvis ring of bone consisting of the right and left hip
bones, the sacrum, and the coccyx

phalanx bone of the foot (plural = phalanges) one of
the 14 bones that form the toes; these include the
proximal and distal phalanges of the big toe, and the
proximal, middle, and distal phalanx bones of toes
two through five

phalanx bone of the hand (plural = phalanges) one of
the 14 bones that form the thumb and fingers; these
include the proximal and distal phalanges of the
thumb, and the proximal, middle, and distal phalanx
bones of the fingers two through five

pisiform from the lateral side, the fourth of the four
proximal carpal bones; articulates with the anterior
surface of the triquetrum

pollex (also, thumb) digit 1 of the hand

304 8 • Key Terms

Access for free at openstax.org



posterior inferior iliac spine small, bony projection
located at the inferior margin of the auricular
surface on the posterior ilium

posterior sacroiliac ligament strong ligament
spanning the sacrum and ilium of the hip bone that
supports the posterior side of the sacroiliac joint

posterior superior iliac spine rounded, posterior end
of the iliac crest

proximal radioulnar joint articulation formed by the
radial notch of the ulna and the head of the radius

proximal tibiofibular joint articulation between the
head of the fibula and the inferior aspect of the
lateral condyle of the tibia

pubic arch bony structure formed by the pubic
symphysis, and the bodies and inferior pubic rami of
the right and left pubic bones

pubic body enlarged, medial portion of the pubis
region of the hip bone

pubic symphysis joint formed by the articulation
between the pubic bodies of the right and left hip
bones

pubic tubercle small bump located on the superior
aspect of the pubic body

pubis anterior portion of the hip bone
radial fossa small depression located on the anterior

humerus above the capitulum; this space receives
the head of the radius when the elbow is maximally
flexed

radial notch of the ulna small, smooth area on the
lateral side of the proximal ulna; articulates with the
head of the radius as part of the proximal radioulnar
joint

radial tuberosity oval-shaped, roughened
protuberance located on the medial side of the
proximal radius

radiocarpal joint wrist joint, located between the
forearm and hand regions of the upper limb;
articulation formed proximally by the distal end of
the radius and the fibrocartilaginous pad that unites
the distal radius and ulna bone, and distally by the
scaphoid, lunate, and triquetrum carpal bones

radius bone located on the lateral side of the forearm
sacroiliac joint joint formed by the articulation

between the auricular surfaces of the sacrum and
ilium

sacrospinous ligament ligament that spans the
sacrum to the ischial spine of the hip bone

sacrotuberous ligament ligament that spans the
sacrum to the ischial tuberosity of the hip bone

scaphoid from the lateral side, the first of the four
proximal carpal bones; articulates with the radius
proximally, the trapezoid, trapezium, and capitate
distally, and the lunate medially

scapula shoulder blade bone located on the posterior
side of the shoulder

shaft of the femur cylindrically shaped region that
forms the central portion of the femur

shaft of the fibula elongated, slender portion located
between the expanded ends of the fibula

shaft of the humerus narrow, elongated, central
region of the humerus

shaft of the radius narrow, elongated, central region
of the radius

shaft of the tibia triangular-shaped, central portion
of the tibia

shaft of the ulna narrow, elongated, central region of
the ulna

soleal line small, diagonally running ridge located on
the posterior side of the proximal tibia

spine of the scapula prominent ridge passing
mediolaterally across the upper portion of the
posterior scapular surface

sternal end of the clavicle medial end of the clavicle
that articulates with the manubrium of the sternum

sternoclavicular joint articulation between the
manubrium of the sternum and the sternal end of
the clavicle; forms the only bony attachment
between the pectoral girdle of the upper limb and
the axial skeleton

styloid process of the radius pointed projection
located on the lateral end of the distal radius

styloid process of the ulna short, bony projection
located on the medial end of the distal ulna

subpubic angle inverted V-shape formed by the
convergence of the right and left ischiopubic rami;
this angle is greater than 80 degrees in females and
less than 70 degrees in males

subscapular fossa broad depression located on the
anterior (deep) surface of the scapula

superior angle of the scapula corner of the scapula
between the superior and medial borders of the
scapula

superior border of the scapula superior margin of
the scapula

superior pubic ramus narrow segment of bone that
passes laterally from the pubic body to join the ilium

supraglenoid tubercle small bump located at the
superior margin of the glenoid cavity

suprascapular notch small notch located along the
superior border of the scapula, medial to the
coracoid process

supraspinous fossa narrow depression located on
the posterior scapula, superior to the spine

surgical neck region of the humerus where the
expanded, proximal end joins with the narrower
shaft
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sustentaculum tali bony ledge extending from the
medial side of the calcaneus bone

talus tarsal bone that articulates superiorly with the
tibia and fibula at the ankle joint; also articulates
inferiorly with the calcaneus bone and anteriorly
with the navicular bone

tarsal bone one of the seven bones that make up the
posterior foot; includes the calcaneus, talus,
navicular, cuboid, medial cuneiform, intermediate
cuneiform, and lateral cuneiform bones

thigh portion of the lower limb located between the
hip and knee joints

tibia shin bone; the large, weight-bearing bone
located on the medial side of the leg

tibial tuberosity elevated area on the anterior
surface of the proximal tibia

trapezium from the lateral side, the first of the four
distal carpal bones; articulates with the scaphoid
proximally, the first and second metacarpals
distally, and the trapezoid medially

trapezoid from the lateral side, the second of the four

distal carpal bones; articulates with the scaphoid
proximally, the second metacarpal distally, the
trapezium laterally, and the capitate medially

triquetrum from the lateral side, the third of the four
proximal carpal bones; articulates with the lunate
laterally, the hamate distally, and has a facet for the
pisiform

trochlea pulley-shaped region located medially at the
distal end of the humerus; articulates at the elbow
with the trochlear notch of the ulna

trochlear notch large, C-shaped depression located
on the anterior side of the proximal ulna; articulates
at the elbow with the trochlea of the humerus

ulna bone located on the medial side of the forearm
ulnar notch of the radius shallow, smooth area

located on the medial side of the distal radius;
articulates with the head of the ulna at the distal
radioulnar joint

ulnar tuberosity roughened area located on the
anterior, proximal ulna inferior to the coronoid
process

Chapter Review
8.1 The Pectoral Girdle

The pectoral girdle, consisting of the clavicle and the
scapula, attaches each upper limb to the axial
skeleton. The clavicle is an anterior bone whose sternal
end articulates with the manubrium of the sternum at
the sternoclavicular joint. The sternal end is also
anchored to the first rib by the costoclavicular
ligament. The acromial end of the clavicle articulates
with the acromion of the scapula at the
acromioclavicular joint. This end is also anchored to
the coracoid process of the scapula by the
coracoclavicular ligament, which provides indirect
support for the acromioclavicular joint. The clavicle
supports the scapula, transmits the weight and forces
from the upper limb to the body trunk, and protects the
underlying nerves and blood vessels.

The scapula lies on the posterior aspect of the pectoral
girdle. It mediates the attachment of the upper limb to
the clavicle, and contributes to the formation of the
glenohumeral (shoulder) joint. This triangular bone has
three sides called the medial, lateral, and superior
borders. The suprascapular notch is located on the
superior border. The scapula also has three corners,
two of which are the superior and inferior angles. The
third corner is occupied by the glenoid cavity.
Posteriorly, the spine separates the supraspinous and
infraspinous fossae, and then extends laterally as the
acromion. The subscapular fossa is located on the
anterior surface of the scapula. The coracoid process

projects anteriorly, passing inferior to the lateral end of
the clavicle.

8.2 Bones of the Upper Limb

Each upper limb is divided into three regions and
contains a total of 30 bones. The upper arm is the
region located between the shoulder and elbow joints.
This area contains the humerus. The proximal humerus
consists of the head, which articulates with the scapula
at the glenohumeral joint, the greater and lesser
tubercles separated by the intertubercular (bicipital)
groove, and the anatomical and surgical necks. The
humeral shaft has the roughened area of the deltoid
tuberosity on its lateral side. The distal humerus is
flattened, forming a lateral supracondylar ridge that
terminates at the small lateral epicondyle. The medial
side of the distal humerus has the large, medial
epicondyle. The articulating surfaces of the distal
humerus consist of the trochlea medially and the
capitulum laterally. Depressions on the humerus that
accommodate the forearm bones during bending
(flexing) and straightening (extending) of the elbow
include the coronoid fossa, the radial fossa, and the
olecranon fossa.

The forearm is the region of the upper limb located
between the elbow and wrist joints. This region
contains two bones, the ulna medially and the radius
on the lateral (thumb) side. The elbow joint is formed
by the articulation between the trochlea of the
humerus and the trochlear notch of the ulna, plus the
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articulation between the capitulum of the humerus and
the head of the radius. The proximal radioulnar joint is
the articulation between the head of the radius and the
radial notch of the ulna. The proximal ulna also has the
olecranon process, forming an expanded posterior
region, and the coronoid process and ulnar tuberosity
on its anterior aspect. On the proximal radius, the
narrowed region below the head is the neck; distal to
this is the radial tuberosity. The shaft portions of both
the ulna and radius have an interosseous border,
whereas the distal ends of each bone have a pointed
styloid process. The distal radioulnar joint is found
between the head of the ulna and the ulnar notch of
the radius. The distal end of the radius articulates with
the proximal carpal bones, but the ulna does not.

The base of the hand is formed by eight carpal bones.
The carpal bones are united into two rows of bones.
The proximal row contains (from lateral to medial) the
scaphoid, lunate, triquetrum, and pisiform bones. The
scaphoid, lunate, and triquetrum bones contribute to
the formation of the radiocarpal joint. The distal row of
carpal bones contains (from medial to lateral) the
hamate, capitate, trapezoid, and trapezium bones (“So
Long To Pinky, Here Comes The Thumb”). The anterior
hamate has a prominent bony hook. The proximal and
distal carpal rows articulate with each other at the
midcarpal joint. The carpal bones, together with the
flexor retinaculum, also form the carpal tunnel of the
wrist.

The five metacarpal bones form the palm of the hand.
The metacarpal bones are numbered 1–5, starting with
the thumb side. The first metacarpal bone is freely
mobile, but the other bones are united as a group. The
digits are also numbered 1–5, with the thumb being
number 1. The fingers and thumb contain a total of 14
phalanges (phalanx bones). The thumb contains a
proximal and a distal phalanx, whereas the remaining
digits each contain proximal, middle, and distal
phalanges.

8.3 The Pelvic Girdle and Pelvis

The pelvic girdle, consisting of a hip bone, serves to
attach a lower limb to the axial skeleton. The hip bone
articulates posteriorly at the sacroiliac joint with the
sacrum, which is part of the axial skeleton. The right
and left hip bones converge anteriorly and articulate
with each other at the pubic symphysis. The
combination of the hip bone, the sacrum, and the
coccyx forms the pelvis. The pelvis has a pronounced
anterior tilt. The primary function of the pelvis is to
support the upper body and transfer body weight to the
lower limbs. It also serves as the site of attachment for

multiple muscles.

The hip bone consists of three regions: the ilium,
ischium, and pubis. The ilium forms the large, fan-like
region of the hip bone. The superior margin of this area
is the iliac crest. Located at either end of the iliac crest
are the anterior superior and posterior superior iliac
spines. Inferior to these are the anterior inferior and
posterior inferior iliac spines. The auricular surface of
the ilium articulates with the sacrum to form the
sacroiliac joint. The medial surface of the upper ilium
forms the iliac fossa, with the arcuate line marking the
inferior limit of this area. The posterior margin of the
ilium has the large greater sciatic notch.

The posterolateral portion of the hip bone is the
ischium. It has the expanded ischial tuberosity, which
supports body weight when sitting. The ischial ramus
projects anteriorly and superiorly. The posterior margin
of the ischium has the shallow lesser sciatic notch and
the ischial spine, which separates the greater and
lesser sciatic notches.

The pubis forms the anterior portion of the hip bone.
The body of the pubis articulates with the pubis of the
opposite hip bone at the pubic symphysis. The superior
margin of the pubic body has the pubic tubercle. The
pubis is joined to the ilium by the superior pubic ramus,
the superior surface of which forms the pectineal line.
The inferior pubic ramus projects inferiorly and
laterally. The pubic arch is formed by the pubic
symphysis, the bodies of the adjacent pubic bones, and
the two inferior pubic rami. The inferior pubic ramus
joins the ischial ramus to form the ischiopubic ramus.
The subpubic angle is formed by the medial
convergence of the right and left ischiopubic rami.

The lateral side of the hip bone has the cup-like
acetabulum, which is part of the hip joint. The large
anterior opening is the obturator foramen. The
sacroiliac joint is supported by the anterior and
posterior sacroiliac ligaments. The sacrum is also
joined to the hip bone by the sacrospinous ligament,
which attaches to the ischial spine, and the
sacrotuberous ligament, which attaches to the ischial
tuberosity. The sacrospinous and sacrotuberous
ligaments contribute to the formation of the greater
and lesser sciatic foramina.

The broad space of the upper pelvis is the greater
pelvis, and the narrow, inferior space is the lesser
pelvis. These areas are separated by the pelvic brim
(pelvic inlet). The inferior opening of the pelvis is the
pelvic outlet. Compared to the male, the female pelvis
is wider to accommodate childbirth, has a larger
subpubic angle, and a broader greater sciatic notch.

8 • Chapter Review 307



8.4 Bones of the Lower Limb

The lower limb is divided into three regions. These are
the thigh, located between the hip and knee joints; the
leg, located between the knee and ankle joints; and
distal to the ankle, the foot. There are 30 bones in each
lower limb. These are the femur, patella, tibia, fibula,
seven tarsal bones, five metatarsal bones, and 14
phalanges.

The femur is the single bone of the thigh. Its rounded
head articulates with the acetabulum of the hip bone to
form the hip joint. The head has the fovea capitis for
attachment of the ligament of the head of the femur.
The narrow neck joins inferiorly with the greater and
lesser trochanters. Passing between these bony
expansions are the intertrochanteric line on the
anterior femur and the larger intertrochanteric crest on
the posterior femur. On the posterior shaft of the femur
is the gluteal tuberosity proximally and the linea aspera
in the mid-shaft region. The expanded distal end
consists of three articulating surfaces: the medial and
lateral condyles, and the patellar surface. The outside
margins of the condyles are the medial and lateral
epicondyles. The adductor tubercle is on the superior
aspect of the medial epicondyle.

The patella is a sesamoid bone located within a muscle
tendon. It articulates with the patellar surface on the
anterior side of the distal femur, thereby protecting the
muscle tendon from rubbing against the femur.

The leg contains the large tibia on the medial side and
the slender fibula on the lateral side. The tibia bears
the weight of the body, whereas the fibula does not
bear weight. The interosseous border of each bone is
the attachment site for the interosseous membrane of
the leg, the connective tissue sheet that unites the tibia
and fibula.

The proximal tibia consists of the expanded medial and
lateral condyles, which articulate with the medial and
lateral condyles of the femur to form the knee joint.
Between the tibial condyles is the intercondylar
eminence. On the anterior side of the proximal tibia is
the tibial tuberosity, which is continuous inferiorly with
the anterior border of the tibia. On the posterior side,
the proximal tibia has the curved soleal line. The bony
expansion on the medial side of the distal tibia is the
medial malleolus. The groove on the lateral side of the
distal tibia is the fibular notch.

The head of the fibula forms the proximal end and
articulates with the underside of the lateral condyle of
the tibia. The distal fibula articulates with the fibular
notch of the tibia. The expanded distal end of the fibula

is the lateral malleolus.

The posterior foot is formed by the seven tarsal bones.
The talus articulates superiorly with the distal tibia, the
medial malleolus of the tibia, and the lateral malleolus
of the fibula to form the ankle joint. The talus
articulates inferiorly with the calcaneus bone. The
sustentaculum tali of the calcaneus helps to support
the talus. Anterior to the talus is the navicular bone,
and anterior to this are the medial, intermediate, and
lateral cuneiform bones. The cuboid bone is anterior to
the calcaneus.

The five metatarsal bones form the anterior foot. The
base of these bones articulate with the cuboid or
cuneiform bones. The metatarsal heads, at their distal
ends, articulate with the proximal phalanges of the
toes. The big toe (toe number 1) has proximal and
distal phalanx bones. The remaining toes have
proximal, middle, and distal phalanges.

8.5 Development of the Appendicular
Skeleton

The bones of the appendicular skeleton arise from
embryonic mesenchyme. Limb buds appear at the end
of the fourth week. The apical ectodermal ridge,
located at the end of the limb bud, stimulates growth
and elongation of the limb. During the sixth week, the
distal end of the limb bud becomes paddle-shaped,
and selective cell death separates the developing
fingers and toes. At the same time, mesenchyme within
the limb bud begins to differentiate into hyaline
cartilage, forming models for future bones. During the
seventh week, the upper limbs rotate laterally and the
lower limbs rotate medially, bringing the limbs into
their final positions.

Endochondral ossification, the process that converts
the hyaline cartilage model into bone, begins in most
appendicular bones by the twelfth fetal week. This
begins as a primary ossification center in the diaphysis,
followed by the later appearance of one or more
secondary ossifications centers in the regions of the
epiphyses. Each secondary ossification center is
separated from the primary ossification center by an
epiphyseal plate. Continued growth of the epiphyseal
plate cartilage provides for bone lengthening.
Disappearance of the epiphyseal plate is followed by
fusion of the bony components to form a single, adult
bone.

The clavicle develops via intramembranous
ossification, in which mesenchyme is converted
directly into bone tissue. Ossification within the clavicle
begins during the fifth week of development and
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continues until 25 years of age.

Interactive Link Questions
1. Watch this video (http://openstax.org/l/fractures) to

see how fractures of the distal radius bone can
affect the wrist joint. Explain the problems that may
occur if a fracture of the distal radius involves the
joint surface of the radiocarpal joint of the wrist.

2. Visit this site (http://openstax.org/l/handbone) to
explore the bones and joints of the hand. What are
the three arches of the hand, and what is the
importance of these during the gripping of an
object?

3. Watch this video (http://openstax.org/l/colles) to
learn about a Colles fracture, a break of the distal
radius, usually caused by falling onto an
outstretched hand. When would surgery be
required and how would the fracture be repaired in
this case?

4. Watch this video (http://openstax.org/l/3Dpelvis)
for a 3-D view of the pelvis and its associated
ligaments. What is the large opening in the bony
pelvis, located between the ischium and pubic
regions, and what two parts of the pubis contribute
to the formation of this opening?

5. Watch this video (http://openstax.org/l/midfemur)
to view how a fracture of the mid-femur is surgically
repaired. How are the two portions of the broken
femur stabilized during surgical repair of a fractured
femur?

6. Visit this site (http://openstax.org/l/kneesurgery) to
watch a virtual knee replacement surgery. The
prosthetic knee components must be properly
aligned to function properly. How is this alignment
ensured?

7. Use this tutorial (http://openstax.org/l/footbones)
to review the bones of the foot. Which tarsal bones
are in the proximal, intermediate, and distal
groups?

8. View this link (http://openstax.org/l/bunion) to learn
about a bunion, a localized swelling on the medial
side of the foot, next to the first
metatarsophalangeal joint, at the base of the big
toe. What is a bunion and what type of shoe is most
likely to cause this to develop?

9. Watch this animation (http://openstax.org/l/
limbbuds) to follow the development and growth of
the upper and lower limb buds. On what days of
embryonic development do these events occur: (a)
first appearance of the upper limb bud (limb ridge);
(b) the flattening of the distal limb to form the
handplate or footplate; and (c) the beginning of
limb rotation?

Review Questions
10. Which part of the clavicle articulates with the

manubrium?
a. shaft
b. sternal end
c. acromial end
d. coracoid process

11. A shoulder separation results from injury to the
________.
a. glenohumeral joint
b. costoclavicular joint
c. acromioclavicular joint
d. sternoclavicular joint

12. Which feature lies between the spine and superior
border of the scapula?
a. suprascapular notch
b. glenoid cavity
c. superior angle
d. supraspinous fossa

13. What structure is an extension of the spine of the
scapula?
a. acromion
b. coracoid process
c. supraglenoid tubercle
d. glenoid cavity

14. Name the short, hook-like bony process of the
scapula that projects anteriorly.
a. acromial process
b. clavicle
c. coracoid process
d. glenoid fossa

15. How many bones are there in the upper limbs
combined?
a. 20
b. 30
c. 40
d. 60
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16. Which bony landmark is located on the lateral side
of the proximal humerus?
a. greater tubercle
b. trochlea
c. lateral epicondyle
d. lesser tubercle

17. Which region of the humerus articulates with the
radius as part of the elbow joint?
a. trochlea
b. styloid process
c. capitulum
d. olecranon process

18. Which is the lateral-most carpal bone of the
proximal row?
a. trapezium
b. hamate
c. pisiform
d. scaphoid

19. The radius bone ________.
a. is found on the medial side of the forearm
b. has a head that articulates with the radial

notch of the ulna
c. does not articulate with any of the carpal

bones
d. has the radial tuberosity located near its

distal end

20. How many bones fuse in adulthood to form the hip
bone?
a. 2
b. 3
c. 4
d. 5

21. Which component forms the superior part of the
hip bone?
a. ilium
b. pubis
c. ischium
d. sacrum

22. Which of the following supports body weight when
sitting?
a. iliac crest
b. ischial tuberosity
c. ischiopubic ramus
d. pubic body

23. The ischial spine is found between which of the
following structures?
a. inferior pubic ramus and ischial ramus
b. pectineal line and arcuate line
c. lesser sciatic notch and greater sciatic notch
d. anterior superior iliac spine and posterior

superior iliac spine

24. The pelvis ________.
a. has a subpubic angle that is larger in females
b. consists of the two hip bones, but does not

include the sacrum or coccyx
c. has an obturator foramen, an opening that is

defined in part by the sacrospinous and
sacrotuberous ligaments

d. has a space located inferior to the pelvic brim
called the greater pelvis

25. Which bony landmark of the femur serves as a site
for muscle attachments?
a. fovea capitis
b. lesser trochanter
c. head
d. medial condyle

26. What structure contributes to the knee joint?
a. lateral malleolus of the fibula
b. tibial tuberosity
c. medial condyle of the tibia
d. lateral epicondyle of the femur

27. Which tarsal bone articulates with the tibia and
fibula?
a. calcaneus
b. cuboid
c. navicular
d. talus

28. What is the total number of bones found in the
foot and toes?
a. 7
b. 14
c. 26
d. 30

29. The tibia ________.
a. has an expanded distal end called the lateral

malleolus
b. is not a weight-bearing bone
c. is firmly anchored to the fibula by an

interosseous membrane
d. can be palpated (felt) under the skin only at

its proximal and distal ends
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30. Which event takes place during the seventh week
of development?
a. appearance of the upper and lower limb buds
b. flattening of the distal limb bud into a paddle

shape
c. the first appearance of hyaline cartilage

models of future bones
d. the rotation of the limbs

31. During endochondral ossification of a long bone,
________.
a. a primary ossification center will develop

within the epiphysis
b. mesenchyme will differentiate directly into

bone tissue
c. growth of the epiphyseal plate will produce

bone lengthening
d. all epiphyseal plates will disappear before

birth

32. The clavicle ________.
a. develops via intramembranous ossification
b. develops via endochondral ossification
c. is the last bone of the body to begin

ossification
d. is fully ossified at the time of birth

Critical Thinking Questions
33. Describe the shape and palpable line formed by

the clavicle and scapula.
34. Discuss two possible injuries of the pectoral girdle

that may occur following a strong blow to the
shoulder or a hard fall onto an outstretched hand.

35. Your friend runs out of gas and you have to help
push their car. Discuss the sequence of bones and
joints that convey the forces passing from your
hand, through your upper limb and your pectoral
girdle, and to your axial skeleton.

36. Name the bones in the wrist and hand, and
describe or sketch out their locations and
articulations.

37. Describe the articulations and ligaments that unite
the four bones of the pelvis to each other.

38. Discuss the ways in which the female pelvis is
adapted for childbirth.

39. Define the regions of the lower limb, name the
bones found in each region, and describe the bony
landmarks that articulate together to form the hip,
knee, and ankle joints.

40. The talus bone of the foot receives the weight of
the body from the tibia. The talus bone then
distributes this weight toward the ground in two
directions: one-half of the body weight is passed
in a posterior direction and one-half of the weight
is passed in an anterior direction. Describe the
arrangement of the tarsal and metatarsal bones
that are involved in both the posterior and anterior
distribution of body weight.

41. How can a radiograph of a child’s femur be used to
determine the approximate age of that child?

42. How does the development of the clavicle differ
from the development of other appendicular
skeleton bones?
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INTRODUCTION

CHAPTER 9
Joints

CHAPTER OBJECTIVES
After this chapter, you will be able to:

• Discuss both functional and structural classifications for body joints
• Describe the characteristic features for fibrous, cartilaginous, and synovial joints and give examples of each
• Define and identify the different body movements
• Discuss the structure of specific body joints and the movements allowed by each
• Explain the development of body joints

The adult human body has 206 bones, and with the exception of the hyoid bone in the neck, each
bone is connected to at least one other bone. Joints are the location where bones come together. Many joints allow
for movement between the bones. At these joints, the articulating surfaces of the adjacent bones can move
smoothly against each other. However, the bones of other joints may be joined to each other by connective tissue or
cartilage. These joints are designed for stability and provide for little or no movement. Importantly, joint stability and
movement are related to each other. This means that stable joints allow for little or no mobility between the
adjacent bones. Conversely, joints that provide the most movement between bones are the least stable.
Understanding the relationship between joint structure and function will help to explain why particular types of
joints are found in certain areas of the body.

The articulating surfaces of bones at stable types of joints, with little or no mobility, are strongly united to each
other. For example, most of the joints of the skull are held together by fibrous connective tissue and do not allow for
movement between the adjacent bones. This lack of mobility is important, because the skull bones serve to protect
the brain. Similarly, other joints united by fibrous connective tissue allow for very little movement, which provides
stability and weight-bearing support for the body. For example, the tibia and fibula of the leg are tightly united to
give stability to the body when standing. At other joints, the bones are held together by cartilage, which permits
limited movements between the bones. Thus, the joints of the vertebral column only allow for small movements
between adjacent vertebrae, but when added together, these movements provide the flexibility that allows your
body to twist, or bend to the front, back, or side. In contrast, at joints that allow for wide ranges of motion, the
articulating surfaces of the bones are not directly united to each other. Instead, these surfaces are enclosed within a

Figure 9.1 Kayaking Without joints, body movements would be impossible. (credit: Graham Richardson/flickr.com)



space filled with lubricating fluid, which allows the bones to move smoothly against each other. These joints provide
greater mobility, but since the bones are free to move in relation to each other, the joint is less stable. Most of the
joints between the bones of the appendicular skeleton are this freely moveable type of joint. These joints allow the
muscles of the body to pull on a bone and thereby produce movement of that body region. Your ability to kick a
soccer ball, pick up a fork, and dance the tango depend on mobility at these types of joints.

9.1 Classification of Joints
LEARNING OBJECTIVES
By the end of this section, you will be able to:

• Distinguish between the functional and structural classifications for joints
• Describe the three functional types of joints and give an example of each
• List the three types of diarthrodial joints

A joint, also called an articulation, is any place where adjacent bones or bone and cartilage come together
(articulate with each other) to form a connection. Joints are classified both structurally and functionally. Structural
classifications of joints take into account whether the adjacent bones are strongly anchored to each other by fibrous
connective tissue or cartilage, or whether the adjacent bones articulate with each other within a fluid-filled space
called a joint cavity. Functional classifications describe the degree of movement available between the bones,
ranging from immobile, to slightly mobile, to freely moveable joints. The amount of movement available at a
particular joint of the body is related to the functional requirements for that joint. Thus immobile or slightly
moveable joints serve to protect internal organs, give stability to the body, and allow for limited body movement. In
contrast, freely moveable joints allow for much more extensive movements of the body and limbs.

Structural Classification of Joints

The structural classification of joints is based on whether the articulating surfaces of the adjacent bones are directly
connected by fibrous connective tissue or cartilage, or whether the articulating surfaces contact each other within a
fluid-filled joint cavity. These differences serve to divide the joints of the body into three structural classifications. A
fibrous joint is where the adjacent bones are united by fibrous connective tissue. At a cartilaginous joint, the bones
are joined by hyaline cartilage or fibrocartilage. At a synovial joint, the articulating surfaces of the bones are not
directly connected, but instead come into contact with each other within a joint cavity that is filled with a lubricating
fluid. Synovial joints allow for free movement between the bones and are the most common joints of the body.

Functional Classification of Joints

The functional classification of joints is determined by the amount of mobility found between the adjacent bones.
Joints are thus functionally classified as a synarthrosis or immobile joint, an amphiarthrosis or slightly moveable
joint, or as a diarthrosis, which is a freely moveable joint (arthroun = “to fasten by a joint”). Depending on their
location, fibrous joints may be functionally classified as a synarthrosis (immobile joint) or an amphiarthrosis (slightly
mobile joint). Cartilaginous joints are also functionally classified as either a synarthrosis or an amphiarthrosis joint.
All synovial joints are functionally classified as a diarthrosis joint.

Synarthrosis
An immobile or nearly immobile joint is called a synarthrosis. The immobile nature of these joints provide for a
strong union between the articulating bones. This is important at locations where the bones provide protection for
internal organs. Examples include sutures, the fibrous joints between the bones of the skull that surround and
protect the brain (Figure 9.2), and the manubriosternal joint, the cartilaginous joint that unites the manubrium and
body of the sternum for protection of the heart.
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