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The autonomic
nervous system

omic nervous and h tasi

24

the peripheral nervous system is divided into somatic nervous system (SNS) and autonomic nervous

Like the somatic nervous system, the autonomic nervous system (ANS) (aw’-t6-NOM-ik) operates via
derivation is auto- = self: -nomic = law.) Structurally, the ANS includes autonomic sensory neurons,

itres in the central nervous system (CNS), autonomic motor neurons, and the enteric division or enteric

(ENS).

of nerve impulses from (1) autonomic sensory neurons in visceral organs and blood vessels propagate
ing centres in the CNS. Then, impulses in (3) autonomic motor neurons propagate to various effector
regulating the activity of smooth muscle, cardiac muscle, and many glands. The ANS usually operates
ious control.

ion’s Bledisloe Cup is played annually between the New Zealand All Blacks and Australian Wallabies.
ited by Lord Bledisloe, former Governor-General of New Zealand, in 1931. The All Blacks team
" at the beginning of all rugby matches — a traditional Maori ceremonial war dance. This is an activity
adopted by the New Zealand rugby players prior to competitions as a
challenge W the opposition. The players in black — the All Blacks —
arc all eharged with high energy. They are reciting the Haka in
excitement, jumping, their eyes are wide open with dilated
pupils. The players have an elevated heart rate and blood
pressure and increased perspiration as well. These signs are
ll due to sympathetic nervous system stimulation.

The sympathetic nervous system is one of the two div-
isions of the autonomic nervous system. It is responsible
for the “fight or flight” response, the physiologic changes
that occur during a state of emergency or stress. These
physiologic changes give the subject added strength during

emergency states. In the case of these players, it is the

anticipation of the game and physical stress that causes an
increase in symp: ic outflow. The ic system
works opposite to the sympathetic nervous system and controls
physiologic activities opposite those seen in these excited rugby
playets at the beginning of the Bledisloe cup.

Did you ever wonder how some blood pressure medications exert
their effects through the autonomic nervous system

A short opening case frames
the context of the chapter
using a real-world clinical or
sports example relevant to
Australia, New Zealand and
the Asia—Pacific.

14.1 BRAIN ORGANISATION, PROTECTION, AND BLOOD SUPPLY 489

Protective coverings of the brain (DOO-ra MA-ter), the middle arachnoid mater (a-RAK-noyd),

i i E T-a) (lig 2
The cranium (see figure 7.4) and the cranial meninges surround 214 the inner pia mater (PE-a or PI-a) (figure 14.2). However,
and protect the brain. The cranial meninges (me-NIN-jéz) are  the cranial dura mater has two layers: the spinal dura mater has
continuous with the spinal meninges, have the same basic ~ only one. The two dural layers are called the periosteal layer

structure, and bear the same names: the outer dura mater  (which is external) and the meningeal layer (which is internal).

Figure 14.2 The protective coverings of the brain.

Impacting visuals highlight

key anatomical structures and
functions, including the importance
of homeostasis and the mechanisms
that support it, using easy-to-
understand figures, exhibits and
tables.

XX

O @ Cranial bones and cranial meninges protect the brain.

Superior
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(a) Anterior view of frontal section through skull showing the cranial meninges
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Frontal bone

Inferior sagittal
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Tentorium
——————
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(b) Sagittal section of extensions of the dura mater

What are the three layers of the cranial meninges, from superficial to deep?
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CLINICAL CONNECTION | New technology in type 1 diabetes

Type 1 diabetes makes up 10-15 per cent of all diabetes cases. The
discovery of insulin nearly 100 years ago has now informed best
practice in managing and potentially treating type 1 diabetes. Man-
agement of type 1 diabetes has centred on the monitoring of blood
sugar levels. Adjustments then focus on a combination of diet to

eliver carbohydrates, the regulation of physical activity, and then
the injection of insulin to aid in the uptake of glucose into the cells
of the body. For a person living with type 1 diabetes, this is a life-
long cycle occurring multiple times per day. As such, modern
medicine has been focused on how to replace the failed pancreatic
beta cells responsible for natural insulin secretion.

Pancreatic islet cell transplant is one strategy that would allow the
pancreas to resume the role of glucose maintenance. Given that the
mass of these cells is as little as 1-2 per cent of the entire pancreas,
the task of cell isolation is challenging. Key aspects of the transplant
process to date has been the cell technology in collecting islet cells in
large enough numbers. Combined with state-of-the-art immunosup-
pressant therapy, early success has been demonstrated with patients
regaining metabolic control. At the Garvan Institute of Medical
Research, Sydney, the question of how to replace the islet cells
without coming under attack from the immune system of the patient

18.11 OVARIES AND TESTES 663

is one key area of research. Early studies involving animal models
suggest that blocking the work of immune function T cells will allow
the survival of the transplanted pancreatic beta cells. In other words,
they can be surgically placed into the pancreas of the type 1 diabetic
and remain undetected from the natural immune system.

The future treatment of type 1 diabetes look promising. Given
that the disease strikes most often in early childhood, this type of
cell transplant and combination therapy will literally result in a life-
time change for people.*

cHeckroinT
21. How are blood levels of glucagon and insulin controlled?
22. What are the effects of exercise versus eating a carbo-
hydrate- and protein-rich meal on the secretion of
insulin and glucagon?

18.11 Ovaries and testes

@ osEcTIvE
« Describe the location, hormones, and functions of the
male and female gonads.

Gonads are the organs that produce gametes — sperm in males
and oocytes in females. In addition to their reproductive func-
tion, the gonads secrete hormones. The ovaries, paired oval
bodies located in the female pelvic cavity, produce several steroid
hormones, including two oestrogens (estradiol and estrone) and
progesterone. These female sex hormones, along with follicle-
stimulating hormone (FSH) and luteinising hormone (LH) from the
anterior pituitary, regulate the menstrual cycle, maintain pregnancy,
and prepare the mammary glands for lactation. They also promote
enlargement of the breasts and widening of the hips at puberty,
and help maintain these female secondary sex characteristic:
The ovaries also produce inhibin, a protein hormone that inhibit:
secretion of FSH. During pregnancy, the ovaries and placenta
produce a peptide hormone called relaxin (RLX), which increases
the flexibility of the pubic symphysis during pregnancy and helps
dilate the uterine cervix during labour and delivery. These actions
help ease the baby’s passage by enlarging the birth canal.

The male gonads, the testes, are oval glands that lie in the
scrotum. The main hormone produced and secreted by the testes
is testosterone, an androgen or male sex hormone. Testosterone
stimulates descent of the testes before birth, regulates production

of sperm, and stimulates the development and maintenance of
male secondary sex characteristics, such as beard growth and deep-
ening of the voice. The testes also produce inhibin, which inhibits
sceretion of FSH. The detailed structure of the ovaries and testes
and the specific roles of sex h i din chapter 28.

Tuble 18.10 summarises the hormones produced by the
ovaries and testes and their principal actions.

TABLE 18.10

Summary of hormones of the ovaries and testes

HORMONE PRINCIPAL ACTIONS

OVARIAN HORMONES

Oestrogens an
o Together with gonadotropic hormones of anterior

progesterone
pituitary, regulate female reproductive cycle,
maintain pregnancy, prepare mammary glands
for lactation, and promote development
and maintenance of female secondary sex

Gy characteristics.

Relaxin (RLX) Tncreases flexibility of pubic symphysis during
pregnancy; helps dilate uterine cervix during
labour and delivery.

Inhibin Inhibits secretion of FSH from anterior pituitary.

TESTICULAR HORMONES

Testosterone
Stimulates descent of testes before birth;
regulates sperm production; promotes
development and maintenance of male
secondary sex characteristics.

Testis

Tnhibits secretion of FSH from anterior pituitary.
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tissue, areolar connective tissue, and blood vessels. Collectively,
the vertebral foramina of all vertebrae form the vertebral (spinal)
canal. The pedicles exhibit superior and inferior indentations
called vertebral notches. When the vertebral notches are stacked
on top of one another, they form an opening between adjoining
vertebrae on both sides of the column. Each opening. called an
intervertebral foramen, permits the passage of a single spinal
nerve carrying information to and from the spinal cord.
Processes

Seven processes arise from the vertebral arch. At the point where
a lamina and pedicle join, a fransverse process extends laterally
on each side. A single spinous process (spine) projects posteriorly
from the junction of the laminae. These three processes serve as
points of attachment for muscles. The remaining four processes
form joints with other vertebrae above or below. The two superior
articular processes of a vertebra articulate (form joints) with the
two inferior articular processes of the vertebra immediately above
them. In turn, the two inferior articular processes of that vertebra
articulate with the two superior articular processes of the vertebra
immediately below them, and so on. The articulating surfaces of

SPORT SPOTLIGHT | Crouch, bind, set!

New Zealand's Accident Compensation Corporation (ACC) paid out
almost $64 million for rugby union injuries during the 2012-13 finan-
cial year. Competitive scrummaging is a valued aspect of New Zealand's
national game, but plays a role in this significant injury toll. Scrums
require a pack of forwards to provide forceful and coordinated colli-
sions at low body height to provide a platform for ball possession. Due
to the physical brutality of this phase of play, if executed awkwardly
scrums can pose a risk of chronic degenerative injuries to the spine. On
very 3 cervical spine injuries d

From the junior rugby level, players are educated to use a ‘mayday’
call — a safety technique used when a player considers a scrum to be
collapsing, or when they believe they are in a dangerous position.
When the ‘mayday’ call is sounded, other members of the scrum are
encouraged to repeat the call to ensure it is heard by members of both
teams and the referee. All players immediately stop pushing to release
pressure on the front row and drop to their knees. The front row then
simultaneously lands their faces on the ground to protect their necks.
The scrum is slowly disassembled from the outside in. A recent All
Blacks versus Wallabies match in Sydney was the first match played
under anew rule to reduce risk to players in the scrum. The amended
referee language to engage both sides of the scrum — ‘crouch, bind,
set’ — requires players to first bind arms before colliding, increasing
balance and decreasing the risk of serious spinal injuries* «

the articular processes, which are referred to as facets (FAS-ets or
fa-SETS = little faces), are covered with hyaline cartilage. The
articulations formed between the vertebral bodies and articular
facets of successive vertebrae are termed intervertebral joints.

Regions of the vertebral column

Exhibits 7.H through 7.K present the five regions of the verte-
bral column, beginning superiorly and moving inferiorly. The
regions are the cervical, thoracic, lumbar, sacral, and coccygeal
Note that vertebrae in each region are numbered in sequence,
from superior to inferior. When you actually view the bones of
the vertebral column, you will notice that the transition from one
region to the next is not abrupt but gradual, a feature that helps
the vertebrae fit together.

Age-related changes in the vertebral column

With advancing age the vertebral column undergoes changes that
are characteristic of the skeletal system in general. These changes
include reduction in the mass and density of the bone along with
a reduction in the collagen-to-mineral content within the bone,
changes that make the bones more brittle and susceptible to
damage. The articular surfaces, those surfaces where neighbouring
bones move against one another, lose their covering cartilage as
they age in their place rough bony growths form that lead to arth-
ritic conditions. In the vertebral column, bony growths around the
intervertebral discs, called osteophytes, can lead to a narrowing
(stenosis) of the vertebral canal. This narrowing can lead to com-
pression of spinal nerves and the spinal cord, which can manifest
as pain and decreased muscle function in the back and lower limbs.

FpcHEckPoINT
16. What are the functions of the vertebral column?
17. Describe the four curves of the vertebral column
18. What are the three main parts of a typical vertebra?
19. What are the principal distinguishing characteristics of
the bones of the various regions of the vertebral column?

&

7.7 Thorax

@ ossecTive
* Identify the bones of the thorax and their functions.

The term thorax refers to the entire chest region. The skeletal
part of the thorax, the thoracic cage, is a bony enclosure formed
by the sternum, ribs and their costal cartilages, and the bodies
of the thoracic vertebrae (see exhibits 7.1 and 7.M). The costal
cartilages attach the ribs to the sternum. The thoracic cage is
narrower at its superior end and broader at its inferior end and is
flattened from front to back. It encloses and protects the organs
in the thoracic and superior abdominal cavities, provides support
for the bones of the upper limbs, and, as you will see in chapter 23,
plays a role in breathing.

(FacreckpoinT
20. What bones form the skeleton of the thorax?
21. What are the functions of the bones of the thorax?
22. How are ribs classified?

Clinical Connection and Sport Spotlight vignettes help students understand the
relevance of anatomical structures and functions using practical allied health and
sports examples specific to Australian, New Zealand and Asia—Pacific audiences.

Following selected chapters, Focus on

———— {_) FOCUS on HOMEOSTASIS

Homeostasis fosters understanding of how

each body system contributes to overall
homeostasis through its interaction with

other systems.

SKELETAL
SYSTEM

Skin helps activate vitamin D, needed
for proper absorption of dietary calcium
and phosphorus to build and maintain
bones

MUSCULAR
SYSTEM

 Skin helps provide calcium ions, needed
for muscle contraction

NERVOUS
SYSTEM

 Nerve endings in skin and subcutaneous
tissue provide input to brain for touch,
pressure, thermal, and pain sensations

ENDOCRINE
SYSTEM

 Keratinocytes in skin help activate
vitamin D to calcitriol, a hormone that
aids absorption of dietary calcium and
phosphorus

CARDIOVASCULAR
SYSTEM

 Local chemical changes in dermis cause
widening and narrowing of skin blood
vessels, which help adjust blood flow to
skin

CONTRIBUTIONS OF
THE INTEGUMENTARY
SYSTEM

FOR ALL BODY SYSTEMS

# Skin and hair provide barriers that
protect all internal organs from
damaging agents in external environ-

n

ment

© Sweat glands and skin blood vessels
regulate body temperature, needed
for proper functioning of other body
systems

LYMPHATIC SYSTEM
and IMMUNITY

o Skin is “frst line of defence’ in immu-
nity, providing mechanical barriers and
chemical secretions that discourage
penetration and growth of microbes

« Intraepidermal macrophages in epider-
mis participate in immune responses by
recognising and processing foreign
antigens

 Macrophages in dermis phagocytise
microbes that penetrate skin surface

RESPIRATORY
SYSTEM

« Hairs in nose filter dust particles from
inhaled air

o Stimulation of pain nerve endings in
skin may alter breathing rate

DIGESTIVE
SYSTEM

« skin helps activate vitamin D to the
hormone calcitriol, which promotes
absorption of dietary calcium and
phosphorus in small intestine

URINARY
SYSTEM

o Kidney cells receive partially activated
vitamin D hormone from skin and
convert it to calcitriol

© Some waste products are excreted
from body in sweat, contributing to
excretion by urinary system

REPRODUCTIVE
SYSTEMS

* Nerve endings in skin and subcutaneous
tissue respond to erotic stimuli, thereby
contributing to sexual pleasure

o Suckling of a baby stimulates nerve
endings in skin, leading to milk ejection

© Mammary glands (modified sweat
glands) produce milk

© Skin stretches during pregnancy as
foetus enlarges
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HOW TO USE THIS RESOURCE

Most chapters in the text are followed

by concise discussions of major disorders

illustrating departures from normal
homeostasis, as well as a glossary of

key medical terminology including both

normal and pathological conditions.

Generally, tissues heal faster and leave less obvious scars
in the young than in the aged. In fact, surgery performed on
foetuses leaves no scars at all. The younger body is generally in
a better nutritional state, its tissues have a better blood supply,
and its cells have a higher metabolic rate. Thus, its cells can
synthesise needed materials and divide more quickly. The extra-
cellular components of tissues also change with age. Glucose,
the most abundant sugar in the body. plays a role in the ageing
process. As the body ages, glucose is haphazardly added to
proteins inside and outside cells, forming irreversible cross-
links between adjacent protein molecules. With advancing age,
more cross-links form, which contributes to the stiffening and
loss of elasticity that occur in ageing tissues. Collagen fibres,

DISORDERS: HOMEOSTATIC IMBALANCES

CHAPTER REVIEW 143

responsible for the strength of tendons, increase in number and
change in quality with ageing. Changes in the collagen of arterial
walls affect the flexibility of arteries as much as the fatty deposits
associated with atherosclerosis (see *Coronary artery disease” in
the *Disorders: Homeostatic imbalances” section of chapter 20).
Elastin, another extracellular component, is responsible for the
elasticity of blood vessels and skin. It thickens, fragments, and
acquires a greater affinity for calcium with age — changes that
may also be associated with the development of atherosclerosis.

(Facreckroint

24. What common changes occur in epithelial and connec-
tive tissues with ageing?

CHAPTER 4

Disorders of epithelial tissue are mainly specific to individual organs,
such as peptic ulcer disease (PUD), which erodes the epithelial lining
of the stomach or small intestine. For this reason, epithelial disorders
are described along with their relevant body systems throughout the
text. The most prevalent disorders of connective tissues are aute-
immune diseases — diseases in which antibodies produced by the
immune system fail to distinguish what is foreign from what i self
and attack the body’s own tissues. One of the most common auto-
immune disorders is theumatoid arthritis, which attacks the synovial
membranes of joints. Because connective tissue is one of the most
abundant and widely distributed of the four main types of tissues,
disorders related to them often affect multiple body systems.
Common disorders of muscular tissues and nervous tissue are
described at the ends of chapters 10 and 12, respectively.

Systemic lupus erythematosus

Systemic lupus erythematosus (SLE), (er-i-thé-ma-TO-sus), or
simply lupus, is a chronic inflammatory disease of connective tissue
occurring mostly in nonwhite women during  their childbearing
years. It is an autoimmune disease that can cause tissue damage in
every body system. The disease, which can range from a mild con-
dition in most patients to a rapidly fatal disease, is marked by

MEDICAL TERMINOLOGY

periods of exacerbation and remission. The prevalence of SLE is
about 1 in 2000, with females more likely to be afflicted than males
by aratio of 8 or 9 to 1.

Although the cause of SLE is unknown, genetic, environmental,

and hormonal factors all have been implicated. The genetic com-

ent is suggested by studies of twins and family history.

oo o (At G, By, e drugs,
exposure to excessive sunlight, and emotional stress. Sex hormones,
such as oestrogens, may also trigger SLE.

Signs and symptoms of SLE include painful joints, low-grade

fever, fatigue, mouth ulcers, weight loss, enlarged lymph nodes and
spleen, sensitivity to sunlight, rapid loss of large amounts of scalp
hair, and anorexia. A distinguishing feature of lupus is an eruption
across the bridge of the nose and cheeks called a ‘butterfly rash'.
Other skin lesions may occur, including blister
erosive nature of some SLE skin lesions was thought to resemble
the damage inflicted by the bite of a wolf — thus, the name fupus
(= wolf). The most serious complicati
inflammation of the kidneys, liver, spleen, lungs, heart, brain, and
gastrointestinal tract. Because there is no cure for SLE, treatment is
supportive, i
immunosuppressive drugs.

\g and ulceration. The

ions of the disease involve

cluding anti-inflammatory drugs such as aspirin, and

Each chapter concludes with a chapter review summarising key concepts, as well

Atrophy (AT-ro-fé; a- = without; -trophy = nourishment) A decrease
in the size of cells, with a subsequent decrease in the size of the
affected tissue or organ.

Tissue transplantation The replacement of a diseased o injured

tissue or organ. The most successful transplants involve use of a
person’s own tissues or those from an \dermcal twin.
(zer

Hypertrophy (hi-PER-tro-fé; hyper- = above) Increase in the size nf a
tissue because its cells enlarge without undergoing cell d
Tissue rejection An immune response of the body directed at fcre\gn
proteins in a tissue or organ;
drugs, such as cyclosporine, have largely overcome tissue rejec-
tion in heart-, kidney-, and liver-transplant patients.

CHAPTER REVIEW

xeno- = strange,
foreign) The rep\a(emem of a diseased or injured tissue or organ
with cells or tissues from an animal. Porcine (from pigs) and
bovine (from cows) heart valves are used for some heart-valve
replacement surgeries.

Review

4.1 Types of tissues

1. Atissue is a group of cells, usually with similar embryological origin, specialised for a particular function.
2. The tissues of the body are classified into four basic types: epithelial, connective, muscular, and nervous.

as critical thinking questions and answers to figure questions.
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Bones protect soft body parts and make movement possible; they also serve as landmarks for locating
parts of other body systems.
The musculoskeletal system is composed of the bones, joints, and muscles working together.

Divisions of the skeletal system (see table 7.1)

The axial skeleton consists of bones amanged along the longitudinal axis. The parts of the axial skel-
eton are the skull, auditory ossicles (ear bones), hyoid bone, vertebral column, sternum, and ribs.

The appendicular skeleton consists of the bones of the girdles and the upper and lower limbs (extrem-
ities). The parts of the appendicular skeleton are the pectoral (shoulder) girdles, bones of the upper
limbs, pelvic (hip) girdles, and bones of the lower limbs.

Types of hones

On the basis of shape, bones are classified as long, short, flat, irregular, or sesamoid. Sesamoid bones
develop in tendons or ligaments.

Sutural bones are found within the sutures of some cranial bones.

Bone surface markings

Sunacc marklngs are s(ruclural features visible on the surfaces of bones.

Each marking — whether a depression, an opening, or a process — is structured for a specific func-
llon. e joint Iormnuon, muscle attachment, or passage of nerves and blood vessels (see table 7.2)

Skull

The 22 bones of the skull include cranial bones and facial bones.

‘The eight cranial bones are the frontal, parietal (2), temporal (2), occipital, sphenoid, and ethmoid
The 14 facial bones are the nasal (2), maxillae (2), zygomatic (2), lacrimal (2), palatine (2), inferior
nasal conchae (2), vomer, and mandible.

The nasal septum consists of the vomer, perpendicular plale of the ethmoid, and septal cartilage. The
nasal septum divides the nasal cavity into left and right si

Seven skull bones form each of the orbits (eye sockets).

‘The foramina of the skull bones provide passages for nerves and blood vessels (see table 7.3).

Sutures are immovable joints in adults that connect most bones of the skull. Examples are the coronal,
sagittal, lambdoid, and squamous sutures.

Paranasal sinuses are cavities in bones of the skull that are connected to the nasal cavity. The frontal,
sphenoid, and ethmoid bones and the maxillae contain paranasal sinuses.

Fontanels are mesenchyme-filled spaces between the cranial bones of foetuses and infants. The major
fontanels are the anterior, posterior, anterolaterals (2), and posterolaterals (2). After birth, the fontanels
fill in with bone and become sutures.

Hyoid bone

The hyoid bone is a U-shaped bone that does not articulate with any other bone.

It supports the tongue and provides attachment for some tongue muscles and for some muscles of the
pharynx and neck.

Vertebral column

The vertebral column, sternum, and ribs constitute the skeleton of the body’s trunk.

‘The 26 bones of the adult vertebral column are the cervical vertebrac (7), the thoracic vertebrae (12),
the lumbar vertebrae (5), the sacrum (5 fused vertebrae), and the coceyx (usually 4 fused vertebrae).
The adult vertebral column contains four normal curves (cervical, thoracic, lumbar, and sacral) that
provide strength, support, and balance.

Each vertebra usually consists of a vertebral body, vertebral arch, and seven processes. Vertebrae in the
different regions of the column vary in size, shape, and detail

Thorax
The thoracic skeleton consists of the sternum, ribs, costal cartilages, and thoracic vertebrae
‘The thoracic cage protects vital organs in the chest area and upper abdomen.
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CRITICAL THINKING QUESTIONS

Jimmy is in a car accident. He can’t open his mouth and has been
told that he suffers from the following: black eye, broken nose,
broken cheek, broken upper jaw, damaged eye socket, and punc-
tured lung. Describe exactly what structures have been affected
by his car accident.

»

Bubba is a tug-of-war expert. He practices day and night by
pulling on a rope attached to an 800-Ib anchor. What kinds of
changes in his bone structure would you expect him to develop?

) ANSWERS TO FIGURE QUESTIONS

3. A new mother brings her newborn infant home and has been told

by her well-meaning friend not to wash the baby’s hair for several
months because the water and soap could “get through that soft
area in the top of the head and cause brain damage’. Explain to
her why this is not true.

7.1 The skull and vertebral column are part of the axial skeleton.
The clavicle, shoulder girdle, humerus, pelvic girdle, and femur
are part of the appendicular skeleton.

7.2 Flat bones protect underlying organs and provide a large
surface area for muscle attachment.

7.3 The frontal, parietal, sphenoid, ethmoid, and temporal bones
are all cranial bones (the oceipital bone is not shown).

7.4 The parietal and temporal bones are joined by the squamous
suture, the parietal and oc s are joined by the lamb-
doid suture, and the parietal and frontal bones are joined by the
coronal suture.

7.5 The temporal bone articulates with the mandible and the pari-
etal, sphenoid, zygomatic, and occipital bones.

7.6 The parietal bones form the posterior, lateral portion of the
cranium.

7.7 The medulla oblongata of the brain connects with the spinal
cord in the foramen magnum.

El
E

7.8 From the crista galli of the ethmoid bone, the sphenoid articu-
lates with the frontal, parietal, temporal, occipital, temporal,
parictal, and frontal bones, ending again at the crista galli of the
ethmoid bone.

7.9 The perpendicular plate of the ethmoid bone forms the superior
part of the nasal septum, and the lateral masses compose most
of the medial walls of the orbits.

7.10 The mandible is the only movable skull bone, other than the
auditory ossicles.

711 The nasal septum divides the nasal cavity into right and left
sides

7.12 Bones forming the orbit are the frontal, sphenoid, zygomatic,
maxilla, lacrimal, ethmoid, and palatine.

7.13 The paranasal sinuses produce mucous and serve as resonating
chambers for vocalisations.

7.23 The facet on the head of a rib fits

7.14 The paired anterolateral fontanels are bordered by four different

skull bones: the frontal, parietal, temporal, and sphenoid bones.

7.15 The hyoid bone is the only bone of the body that does not

articulate with any other bone.

7.16 The thoracic and sacral curves of the vertebral column are

concave relative to the anterior of the body.

7.17 The vertebral foramina enclose the spinal cord; the interverte-

bral foramina provide s
the vertebral column.

es through which spinal nerves exit

7.18 The atlas moving on the axis at the atlanto-axial joint permits

movement of the head to signify *no’.

7.19 The facets and demifacets on the vertebral bodies of the tho-

racic vertebrae articulate with the heads of the ribs, and the
facets on the transverse processes of these vertebrae articulate
with the tubercles of the ribs.

7.20 The lumbar vertebrae are the largest and strongest in the body

because the amount of weight supported by vertebrae increases
towards the inferior end of the vertebral column.

7.21 There are four pairs of sacral foramina, for a total of eight.

Each anterior sacral foramen joins a posterior sacral foramen at
the intervertebral foramen. Nerves and blood vessels pass
through these tunnels in the bone.

7.22 The body of the sternum articulates directly or indirectly with

ribs 2-10.

0 a facet or demifacet on the
body of a vertebra, and the articular part of the tubercle of a rib
articulates with the facet of the transverse process of a vertebra

7.24 Most herniated dises occur in the lumbar region because it

bears most of the body weight and most flexing and bending
occur there.

7.25 Kyphosis is common in individuals with advanced osteoporosis.
7.26 Deficiency of folic acid is associated with spina bifida.

o—




introduction
the human body

homeostasis

minent academics from Australia, New Zealand and the Asia—Pacific, will take you
the human body — beginning with an overview of the meanings of anatomy and
on of the organisation of the human body and the properties that it shares with all

er how the body regulates its own internal environment. This unceasing process —
eme in every chapter of this resource. Finally, we introduce the vocabulary that will
way that is understood by scientists and healthcare professionals alike.

that our local author team has brought to life through an exciting series of sporting,
i0s that you will easily relate to. Take, for example, how dehydration affects brain
s like Mark Webber, or how the Australian Cancer Council’s SunSmart program
ntegumentary system (skin). We explore why fast bowlers and ballet dancers so
frequently suffer from stress fractures, how research by the University of
Queensland established the cervical cancer vaccine, and even how the
New Zealand rugby team’s Haka stimulates nerve impulses.

Did you ever wonder why an autopsy is performed
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1.1 Anatomy and physiology
defined

OBJECTIVE
¢ Define anatomy and physiology, and name several
branches of these sciences.

Two branches of science — anatomy and physiology — provide
the foundation for understanding the body’s parts and functions.
Anatomy (a-NAT-0-mé; ana- = up; -tomy = process of cutting)
is the science of body structures and the relationships among
them. It was first studied by dissection (dis-SEK-shun; dis- =
apart; -section = act of cutting), the careful cutting apart of body
structures to study their relationships. Today, a variety of imaging
techniques (see table 1.3) also contribute to the advancement of
anatomical knowledge. Whereas anatomy deals with structures
of the body, physiology (fiz'-e-OL-6-j€; physio- = nature;
-logy = study of) is the science of body functions — how the
body parts work. Table 1.1 describes several branches of anatomy
and physiology.

Because structure and function are so closely related, you will
learn about the human body by studying its anatomy and physi-

TABLE 1.1

ology together. The structure of a part of the body often reflects
its functions. For example, the bones of the skull join tightly to
form a rigid case that protects the brain. The bones of the fingers
are more loosely joined to allow a variety of movements. The
walls of the air sacs in the lungs are very thin, permitting rapid
movement of inhaled oxygen into the blood.

CHECKPOINT

1. What body function might a respiratory therapist strive
to improve? What structures are involved?

2. Give your own example of how the structure of a part of
the body is related to its function.

1.2 Levels of structural
organisation and
body systems

OBJECTIVES

e Describe the body’s six levels of structural organisation.

e List the 11 systems of the human body, representative
organs present in each, and their general functions.

Selected branches of anatomy and physiology

BRANCH OF ANATOMY

Embryology
(em’-bre-OL-6-j¢;
embry- = embryo;
-logy = study of)

Developmental biology

Cell biology

Histology
(his-TOL-6 -j€; hist- = tissue)
Gross anatomy

Systemic anatomy

Regional anatomy

Surface anatomy

Imaging anatomy

Pathological anatomy
(path’-6-LOJ-i-kal;
path- = disease)

STUDY OF

The first eight weeks of
development after fertilisation
of a human egg.

The complete development of an
individual from fertilisation to
death.

Cellular structure and functions.

Microscopic structure of tissues.

Structures that can be examined
without a microscope.

Structure of specific systems of
the body such as the nervous or
respiratory systems.

Specific regions of the body such
as the head or chest.

Surface markings of the body
to understand internal anatomy
through visualisation and
palpation (gentle touch).

Body structures that can be
visualised with techniques such
as x-rays, MRI, and CT scans.

Structural changes (gross to
microscopic) associated with
disease.

BRANCH OF PHYSIOLOGY

Neurophysiology
(NOOR-6-fiz--ol'-6-j&;
neuro- = nerve)

Endocrinology
(en’-do6-kri-NOL-6-j€;
endo- = within; -crin = secretion)

Cardiovascular physiology
(kar-dé-6-VAS-ku-lar;
cardi- = heart;
vascular = blood vessels)

Immunology
(im’-G-NOL-6-j&;
immun- = not susceptible)

Respiratory physiology
(RES-pi-ra-tor-¢;
respira- = to breathe)

Renal physiology
(RE-nal; ren- = kidney)

Exercise physiology

Pathophysiology
(Path-6-fiz-€-ol'-6-j€)

STUDY OF

Functional properties of nerve
cells.

Hormones (chemical regulators in
the blood) and how they control
body functions.

Functions of the heart and blood
vessels.

The body’s defences against
disease-causing agents.

Functions of the air passageways
and lungs.

Functions of the kidneys.

Changes in cell and organ functions
due to muscular activity.

Functional changes associated
with disease and ageing.




1.2 LEVELS OF STRUCTURAL ORGANISATION AND BODY SYSTEMS 3

The levels of organisation of a language — letters, words, sentences, of matter that participate in chemical reactions, and mol-
paragraphs, and so on — can be compared to the levels of organ- ecules, two or more atoms joined together. Certain atoms,
isation of the human bOdy Your exploration of the human bOdy will such as carbon (C), hydrogen (H), oxygen (0), nitrogen (N), =
extend from atoms and molecules to the whole person. From the phosphorus (P), calcium (Ca), and sulphur (S), are essential {3
smallest to the largest, six levels of organisation will help you to for maintaining life. Two familiar molecules found in the |
understand anatomy anq physiology: the chgn%cal, cellular, tissue, body are deoxyribonucleic acid (DNA), the genetic material ~
organ, system, and organismal levels of organisation (figure 1.1). passed from one generation to the next, and glucose, com- :
@ Chemical level. This very basic level can be compared to the monly known as blood sugar. Chapters 2 and 25 focus on the &3
letters of the alphabet and includes atoms, the smallest units chemical level of organisation. (@]

Figure 1.1 Levels of structural organisation in the human body.
The levels of structural organisation are chemical, cellular, tissue, organ, system, and organismal.

© CELLULAR LEVEL
© cHEMICAL LEVEL

> N © TISSUE LEVEL
~

Smooth muscle cell

Atoms (C, H, O, N, P)

Smooth muscle tissue
Molecule (DNA)

© svSTEM LEVEL

Epithelial
/ and

connective
@ ORGAN LEVEL tissues
Salivary glands
R Mouth
Pharynx —
Smooth muscle
Oesophagus \ tissue layers

Epithelial tissue

Stomach

K ——— Stomach

Liver ———— Pancreas
Gall bladder —— (behind stomach)

Large intestine Small intestine

© ORGANISMAL LEVEL
Digestive system

Which level of structural organisation is composed of two or more different types of tissues that work together to perform a
specific function?
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9 Cellular level. Molecules combine to form cells, the basic

structural and functional units of an organism that are com-
posed of chemicals. Just as words are the smallest elements
of language that make sense, cells are the smallest living
units in the human body. Among the many kinds of cells in
your body are muscle cells, nerve cells, and epithelial cells.
Figure 1.1 shows a smooth muscle cell, one of the three
types of muscle cells in the body. The cellular level of organ-
isation is the focus of chapter 3.

Tissue level. Tissues are groups of cells and the materials
surrounding them that work together to perform a particular
function, similar to the way words are put together to form
sentences. There are just four basic types of tissues in your
body: epithelial tissue, connective tissue, muscular tissue,
and nervous tissue. Epithelial tissue covers body surfaces,
lines hollow organs and cavities, and forms glands. Connec-
tive tissue connects, supports, and protects body organs
while distributing blood vessels to other tissues. Muscular
tissue contracts to make body parts move and generates
heat. Nervous tissue carries information from one part of the
body to another through nerve impulses. Chapter 4 describes
the tissue level of organisation in greater detail. Shown in
figure 1.1 is smooth muscle tissue, which consists of tightly
packed smooth muscle cells.

Organ level. At the organ level different types of tissues are

joined together. Similar to the relationship between sen-
tences and paragraphs, organs are structures that are

shapes. Examples of organs are the stomach, skin, bones,
heart, liver, lungs, and brain. Figure 1.1 shows how several
tissues make up the stomach. The stomach’s outer covering
is a layer of epithelial tissue and connective tissue that
reduces friction when the stomach moves and rubs against
other organs. Underneath are three layers of a type of mus-
cular tissue called smooth muscle tissue, which contracts to
churn and mix food and then push it into the next digestive
organ, the small intestine. The innermost lining is an epithe-
lial tissue layer that produces fluid and chemicals responsible
for digestion in the stomach.

System level. A system (or chapter in our language analogy)
consists of related organs (paragraphs) with a common func-
tion. An example of the system level, also called the
organ-system level, is the digestive system, which breaks
down and absorbs food. Its organs include the mouth, salivary
glands, pharynx (throat), oesophagus (food tube), stomach,
small intestine, large intestine, liver, gall bladder, and pan-
creas. Sometimes an organ is part of more than one system.
The pancreas, for example, is part of both the digestive system
and the hormone-producing endocrine system.

Organismal level. An organism (OR-ga-nizm), any living
individual, can be compared to a book in our analogy. All
the parts of the human body functioning together constitute
the total organism.

In the chapters that follow, you will study the anatomy and

composed of two or more different types of tissues; they
have specific functions and usually have recognisable

physiology of the body systems. Table 1.2 lists the components and
introduces the functions of these systems. You will also discover

The eleven systems of the human body

INTEGUMENTARY SYSTEM (CHAPTER 5)

Components: Skin and associated ———  Hair
structures, such as hair,

fingernails and toenails, sweat

glands, and oil glands.

Functions: Protects body; helps

regulate body temperature;

eliminates some wastes; helps

make vitamin D; detects Skin and
sensations such as touch, pain, associated
warmth, and cold; stores fat and glands
provides insulation.

— Fingernails

Toenails

SKELETAL SYSTEM (CHAPTERS 6-9)

Components: Bones and joints
of the body and their associated
cartilages.

Functions: Supports and
protects body; provides surface
area for muscle attachments;

= Bone
aids body movements; houses Cartilage
cells that produce blood cells;
stores minerals and lipids (fats).
Joint



that all body systems influence one another. As you study each of
the body systems in more detail, you will discover how they work
together to maintain health, provide protection from disease, and
allow for reproduction of the human species.

Noninvasive
CLINICAL CONNECTION | diagnostic techniques

Health-care professionals and students of anatomy and physiology
commonly use several noninvasive diagnostic techniques to assess
certain aspects of body structure and function. A noninvasive diag-
nostic technique is one that does not involve insertion of an instrument
or device through the skin or a body opening. In inspection, the exam-
iner observes the body for any changes that deviate from normal. For
example, a physician may examine the mouth cavity for evidence of
disease. Following inspection, one or more additional techniques may
be employed. In palpation (pal-PAshun; palp- = gently touching) the
examiner feels body surfaces with the hands. An example is palpating
the abdomen to detect enlarged or tender internal organs or abnormal
masses. In auscultation (aws-kul-TA-shun; auscult- = listening) the
examiner listens to body sounds to evaluate the functioning of certain
organs, often using a stethoscope to amplify the sounds. An example
is auscultation of the lungs during breathing to check for crackling
sounds associated with abnormal fluid accumulation. In percussion
(pur-KUSH-un; percus- = beat through) the examiner taps on the body
surface with the fingertips and listens to the resulting sound. Hollow
cavities or spaces produce a different sound than solid organs. For
example, percussion may reveal the abnormal presence of fluid in the
lungs or air in the intestines. It may also provide information about
the size, consistency, and position of an underlying structure. An under-
standing of anatomy is important for the effective application of most

of these diagnostic techniques. e

MUSCULAR SYSTEM (CHAPTERS 10, 11)

Components: Specifically, skeletal
muscle tissue — muscle usually
attached to bones (other muscle tissues
include smooth and cardiac).

Functions: Participates in body Skeletal
movements, such as walking; muscle
maintains posture; produces heat.

Tendon
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CHECKPOINT

3. Define the following terms: atom, molecule, cell, tissue,
organ, system, and organism.

4. At what levels of organisation would an exercise
physiologist study the human body? (Hint: refer to
table 1.1.)

5. Referring to table 1.2, which body systems help eliminate
wastes?

1.3 Characteristics of the living
human organism

OBJECTIVE
e Define the important life processes of the human body.

Basic life processes

Certain processes distinguish organisms, or living things, from
nonliving things. Following are the six most important life pro-
cesses of the human body.

1. Metabolism (me-TAB-0-lizm) is the sum of all chemical pro-
cesses that occur in the body. One phase of metabolism is
catabolism (ka-TAB-6-lizm; catabol- = throwing down; -ism =
a condition), the breakdown of complex chemical substances
into simpler components. The other phase of metabolism is
anabolism (a-NAB-6-lizm; anabol- = araising up), the building
up of complex chemical substances from smaller, simpler com-
ponents. For example, digestive processes catabolise (split)

NERVOUS SYSTEM (CHAPTERS 12-17)

Components: Brain, spinal cord,
nerves, and special sense organs, such
as eyes and ears.

Brain

Functions: Generates action potentials
(nerve impulses) to regulate body
activities; detects changes in body’s
internal and external environments,
interprets changes, and responds by
causing muscular contractions or
glandular secretions.

Spinal
cord

Nerve

TABLE 1.2 CONTINUES
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TABLE 1.2 CONTINUED
The eleven systems of the human body

ENDOCRINE SYSTEM (CHAPTER 18)

Components: Hormone-producing glands (pineal gland, hypothalamus,
pituitary gland, thymus, thyroid gland, parathyroid glands, adrenal
glands, pancreas, ovaries, and testes) and hormone-producing cells in
several other organs.

Functions: Regulates body activities by releasing hormones (chemical

messengers transported in blood from endocrine gland or tissue to target organ).

Hypothalamus
Pineal gland ——___

Pituitary gland Thyroid
gland
Thyroid
gland Z Adrenal
|
Parathyroid Posterior © & e
glands Vi Pancreas
Testis
(male)
e
Ovary
(female)

LYMPHATIC SYSTEM AND IMMUNITY (CHAPTER 22)

Components: Lymphatic fluid and vessels; spleen, thymus, lymph nodes,
and tonsils; cells that carry out immune responses (B cells, T cells, and
others).

Functions: Returns proteins and fluid to blood; carries lipids from
gastrointestinal tract to blood; contains sites of maturation and proliferation
of B cells and T cells that protect against disease-causing microbes.

Pharyngeal L=
tonsil ~——___
Palatine
tonsil ™ Thymus
Lingual s Thoracic
tonsil duct
Spleen
Red bone — Lymph
marrow node
Lymphatic

vessel

CARDIOVASCULAR SYSTEM (CHAPTERS 19-21)

Components: Blood, heart, and blood vessels.

Functions: Heart pumps blood through blood vessels; blood carries oxygen
and nutrients to cells and carbon dioxide and wastes away from cells and helps
regulate acid—base balance, temperature, and water content of body fluids;
blood components help defend against disease and repair damaged blood
vessels.

Blood
vessels:

Vein
Heart

Artery

RESPIRATORY SYSTEM (CHAPTER 23)

Components: Lungs and air passageways such as the pharynx (throat),
larynx (voice box), trachea (windpipe), and bronchial tubes leading into and
out of lungs.

Functions: Transfers oxygen from inhaled air to blood and carbon dioxide
from blood to exhaled air; helps regulate acid—base balance of body fluids; air
flowing out of lungs through vocal cords produces sounds.

/:.5

Pharynx ——— Nasal cavity
LarynX —— Pharynx — —— Oral cavity
Trachea —— Larynx
Bronchus —

Lung —



DIGESTIVE SYSTEM (CHAPTER 24)

Components: Organs of

gastrointestinal tract, Salivary - Mouth
a long tube that gland —

TTe—
includes the mouth, Pharynx

pharynx (throat),
oesophagus (food tube),
stomach, small and Liver

Oesophagus

- Stomach

large intestines, and Pancreas
/ .
anus; also includes Cellblee (behind
stomach)

accessory organs that o
assist in digestive Large
intestine
processes, such as
salivary glands, liver,
gall bladder, and
pancreas.

\ Small
\ intestine
\ Rectum
Anus
Functions: Achieves
physical and chemical
breakdown of food;

absorbs nutrients;
eliminates solid wastes.

REPRODUCTIVE SYSTEMS (CHAPTER 28)

Components: Gonads (testes in males and ovaries
in females) and associated organs (uterine tubes or
fallopian tubes, uterus, vagina, and mammary
glands in females and epididymis, ductus or

vas deferens, seminal vesicles, prostate, and
penis in males).

Functions: Gonads produce gametes (sperm
or oocytes) that unite to form a new organism;
gonads also release hormones that regulate
reproduction and other body processes;
associated organs transport and store
gametes; mammary glands produce milk.

Uterine
tube \

Uterine
tube

Vagina ~

proteins in food into amino acids. These amino acids are then
used to anabolise (build) new proteins that make up body struc-
tures such as muscles and bones.

Responsiveness is the body’s ability to detect and respond to
changes. For example, an increase in body temperature during
a fever represents a change in the internal environment (within
the body), and turning your head towards the sound of
squealing brakes is a response to a change in the external
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URINARY SYSTEM (CHAPTER 26)

Components: Kidneys, ureters,
urinary bladder, and urethra.

Functions: Produces, stores, and

eliminates urine; eliminates

wastes and regulates volume and
chemical composition of blood;

1
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Uterus ——  ———

helps maintain the acid—base Kidney
balance of body fluids; maintains Ureter
body’s mineral balance; helps
regulate production of red blood Urinary
aalls, bladder
Urethra
Mammary Ductus
gland (vas)
deferens
y Seminal
Ovary Penis ;esm:let
. T ——— Prostate
Ve Testis
Ductus
(vas)
deferens —__
Seminal —_
vesicle
Prostate /
Penis

Epididymis ——
Testis —

environment (outside the body) to prepare the body for a
potential threat. Different cells in the body respond to environ-
mental changes in characteristic ways. Nerve cells respond by
generating electrical signals known as nerve impulses (action
potentials). Muscle cells respond by contracting, which gen-
erates force to move body parts.

3. Movement includes motion of the whole body, individual

organs, single cells, and even tiny structures inside cells. For
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example, the coordinated action of leg muscles moves your
whole body from one place to another when you walk or run.
After you eat a meal that contains fats, your gall bladder con-
tracts and releases bile into the gastrointestinal tract to help
digest them. When a body tissue is damaged or infected, certain
white blood cells move from the bloodstream into the affected
tissue to help clean up and repair the area. Inside the cell,
various parts, such as secretory vesicles (see figure 3.20), move
from one position to another to carry out their functions.

4. Growth is an increase in body size that results from an increase
in the size of existing cells, an increase in the number of cells,
or both. In addition, a tissue sometimes increases in size because
the amount of material between cells increases. In a growing
bone, for example, mineral deposits accumulate between bone
cells, causing the bone to grow in length and width.

5. Differentiation (dif’-er-en-shé-A-shun) is the development of
a cell from an unspecialised to a specialised state. Such pre-
cursor cells, which can divide and give rise to cells that
undergo differentiation, are known as stem cells. As you will
see later in the text, each type of cell in the body has a spe-
cialised structure or function that differs from that of its
precursor (ancestor) cells. For example, red blood cells and
several types of white blood cells all arise from the same
unspecialised precursor cells in red bone marrow. Also
through differentiation, a single fertilised human egg (ovum)
develops into an embryo, and then into a foetus, an infant, a
child, and finally an adult.

6. Reproduction (ré-pro-DUK-shun) refers either to (1) the for-
mation of new cells for tissue growth, repair, or replacement,
or (2) the production of a new individual. The formation of
new cells occurs through cell division. The production of a
new individual occurs through the fertilisation of an ovum by
a sperm cell to form a zygote, followed by repeated cell div-
isions and the differentiation of these cells.

When any one of the life processes ceases to occur properly,
the result is death of cells and tissues, which may lead to death
of the organism. Clinically, loss of the heartbeat, absence of
spontaneous breathing, and loss of brain functions indicate death
in the human body.

An autopsy (AW-top-sé = seeing with one's own eyes) or necropsy is
a postmortem (after death) examination of the body and dissection
of its internal organs to confirm or determine the cause of death.
An autopsy can uncover the existence of diseases not detected
during life, determine the extent of injuries, and explain how those
injuries may have contributed to a person's death. It also may
provide more information about a disease, assist in the accumula-
tion of statistical data, and educate health-care students. Moreover,
an autopsy can reveal conditions that may affect offspring or sib-
lings (such as congenital heart defects). Sometimes an autopsy is
legally required, such as during a criminal investigation. It may also
be useful in resolving disputes between beneficiaries and insurance
companies about the cause of death. e

CLINICAL CONNECTION | Autopsy

CHECKPOINT

6. List the six most important life processes in the human
body.

1.4 Homeostasis

OBJECTIVES

e Define homeostasis.

e Describe the components of a feedback system.

e Contrast the operation of negative and positive feedback
systems.

e Explain how homeostatic imbalances are related to
disorders.

Homeostasis (hd’-mé-6-STA-sis; homeo- = sameness; -stasis =
standing still) is the condition of equilibrium (balance) in the
body’s internal environment due to the constant interaction of
the body’s many regulatory processes. Homeostasis is a dynamic
condition. In response to changing conditions, the body’s equilib-
rium can shift among points in a narrow range that is compatible
with maintaining life. For example, the level of glucose in blood
normally stays between 70 and 110 milligrams of glucose per
100 millilitres of blood.* Each structure, from the cellular level
to the system level, contributes in some way to keeping the
internal environment of the body within normal limits.

Homeostasis and body fluids

An important aspect of homeostasis is maintaining the volume
and composition of body fluids, dilute, watery solutions con-
taining dissolved chemicals that are found inside cells as well
as surrounding them. The fluid within cells is intracellular
fluid (intra- = inside), abbreviated ICF. The fluid outside body
cells is extracellular fluid (ECF) (extra- = outside). The ECF
that fills the narrow spaces between cells of tissues is known as
interstitial fluid (in'-ter-STISH-al; inter- = between). As you
progress with your studies, you will learn that the ECF differs
depending on where it occurs in the body: ECF within blood
vessels is termed blood plasma, within lymphatic vessels it
is called lymph, in and around the brain and spinal cord it is
known as cerebrospinal fluid, in joints it is referred to as syn-
ovial fluid, and the ECF of the eyes is called aqueous humour
and vitreous body.

The proper functioning of body cells depends on precise
regulation of the composition of the interstitial fluid surrounding
them. Because of this, interstitial fluid is often called the body’s
internal environment. The composition of interstitial fluid
changes as substances move back and forth between it and blood
plasma. Such exchange of materials occurs across the thin walls
of the smallest blood vessels in the body, the blood capillaries.
This movement in both directions across capillary walls provides
needed materials, such as glucose, oxygen, ions, and so on, to
tissue cells. It also removes wastes, such as carbon dioxide, from
interstitial fluid.

*Appendix A describes metric and imperial measurements.



Control of homeostasis

Homeostasis in the human body is continually being disturbed.
Some disruptions come from the external environment in the
form of physical insults such as the intense heat of a hot summer
day or a lack of enough oxygen for that two-mile run. Other
disruptions originate in the internal environment, such as a blood
glucose level that falls too low when you skip breakfast. Home-
ostatic imbalances may also occur due to psychological stresses
in our social environment — the demands of work and school,
for example. In most cases the disruption of homeostasis is mild
and temporary, and the responses of body cells quickly restore
balance in the internal environment. However, in some cases the
disruption of homeostasis may be intense and prolonged, as in
poisoning, overexposure to temperature extremes, severe infec-
tion, or major surgery.

Fortunately, the body has many regulating systems that can
usually bring the internal environment back into balance. Most
often, the nervous system and the endocrine system, working
together or independently, provide the needed -corrective
measures. The nervous system regulates homeostasis by sending
electrical signals known as nerve impulses (action potentials) to
organs that can counteract changes from the balanced state. The
endocrine system includes many glands that secrete messenger
molecules called hormones into the blood. Nerve impulses typi-
cally cause rapid changes, but hormones usually work more
slowly. Both means of regulation, however, work towards the
same end, usually through negative feedback systems.

Feedback systems

The body can regulate its internal environment through many
feedback systems. A feedback system or feedback loop is a cycle
of events in which the status of a body condition is monitored,
evaluated, changed, remonitored, reevaluated, and so on. Each
monitored variable, such as body temperature, blood pressure, or
blood glucose level, is termed a controlled condition. Any disrup-
tion that changes a controlled condition is called a stimulus.
A feedback system includes three basic components: a receptor, a
control centre, and an effector (figure 1.2).

1. A receptor is a body structure that monitors changes in a
controlled condition and sends input to a control centre. This
pathway is called an afferent pathway (AF-er-ent; af- =
towards; -ferrent = carried), since the information flows
towards the control centre. Typically, the input is in the form
of nerve impulses or chemical signals. For example, certain
nerve endings in the skin sense temperature and can detect
changes, such as a dramatic drop in temperature.

2. A control centre in the body, for example, the brain, sets the
range of values within which a controlled condition should be
maintained (set point), evaluates the input it receives from
receptors, and generates output commands when they are
needed. Output from the control centre typically occurs as
nerve impulses, or hormones or other chemical signals. This
pathway is called an efferent pathway (EF-er-ent; ef- = away
from), since the information flows away from the control
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centre. In our skin temperature example, the brain acts as the
control centre, receiving nerve impulses from the skin recep-
tors and generating nerve impulses as output.

1

3. An effector (e-FEK-tor) is a body structure that receives
output from the control centre and produces a response or
effect that changes the controlled condition. Nearly every
organ or tissue in the body can behave as an effector. When
your body temperature drops sharply, your brain (control
centre) sends nerve impulses (output) to your skeletal muscles
(effectors). The result is shivering, which generates heat and
raises your body temperature.
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Figure 1.2 Operation of a feedback system.

The three basic components of a feedback system are
the receptor, control centre, and effector.

STIMULUS

disrupts homeostasis by
increasing or decreasing a

CONTROLLED CONDITION
that is
monitored by
RECEPTORS
Input that senq nerve impulses
or chemical signals to a
Return to
homeostasis when
CONTROL CENTRE the response brings
the controlled
that receives the input COI"IdItIIOH back to
i normal
Output _and provides nerve
impulses or chemical
signals to
EFFECTORS

that bring about
a change or

/

What is the main difference between negative and
positive feedback systems?

RESPONSE that alters
the controlled condition

A group of receptors and effectors communicating with their
control centre forms a feedback system that can regulate a con-
trolled condition in the body’s internal environment. In a feedback
system, the response of the system ‘feeds back’ information to
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change the controlled condition in some way, either negating it
(negative feedback) or enhancing it (positive feedback).

NEGATIVE FEEDBACK SYSTEMS A negative feedback system
reverses a change in a controlled condition. Consider the regu-
lation of blood pressure. Blood pressure (BP) is the force exerted
by blood as it presses against the walls of blood vessels. When the
heart beats faster or harder, BP increases. If some internal or
external stimulus causes blood pressure (controlled condition) to
rise, the following sequence of events occurs (figure 1.3). Barore-
ceptors (the receptors), pressure-sensitive nerve cells located in the
walls of certain blood vessels, detect the higher pressure. The baro-
receptors send nerve impulses (input) to the brain (control centre),
which interprets the impulses and responds by sending nerve
impulses (output) to the heart and blood vessels (the effectors).
Heart rate decreases and blood vessels dilate (widen), which cause
BP to decrease (response). This sequence of events quickly returns
the controlled condition — blood pressure — to normal, and
homeostasis is restored. Notice that the activity of the effector
causes BP to drop, a result that negates the original stimulus (an
increase in BP). This is why it is called a negative feedback system.

PoSITIVE FEEDBACK SYSTEMS Unlike a negative feedback
system, a positive feedback system tends to strengthen or
reinforce a change in one of the body’s controlled conditions. In
a positive feedback system, the response affects the controlled
condition differently than in a negative feedback system. The
control centre still provides commands to an effector, but this
time the effector produces a physiological response that adds to
or reinforces the initial change in the controlled condition. The
action of a positive feedback system continues until it is inter-
rupted by some mechanism.

Normal childbirth provides a good example of a positive
feedback system (figure 1.4). The first contractions of labour
(stimulus) push part of the foetus into the cervix, the lowest
part of the uterus, which opens into the vagina. Stretch-sensitive
nerve cells (receptors) monitor the amount of stretching of the
cervix (controlled condition). As stretching increases, they send
more nerve impulses (input) to the brain (control centre), which
in turn releases the hormone oxytocin (output) into the blood.
Oxytocin causes muscles in the wall of the uterus (effector) to
contract even more forcefully. The contractions push the foetus
farther down the uterus, which stretches the cervix even more.
The cycle of stretching, hormone release, and ever-stronger
contractions is interrupted only by the birth of the baby. Then,
stretching of the cervix ceases and oxytocin is no longer released.

Another example of positive feedback is what happens to
your body when you lose a great deal of blood. Under normal
conditions, the heart pumps blood under sufficient pressure to
body cells to provide them with oxygen and nutrients to maintain
homeostasis. Upon severe blood loss, blood pressure drops
and blood cells (including heart cells) receive less oxygen and
function less efficiently. If the blood loss continues, heart cells
become weaker, the pumping action of the heart decreases
further, and blood pressure continues to fall. This is an example
of a positive feedback cycle that has serious consequences and

Figure 1.3 Homeostatic regulation of blood pressure by
a negative feedback system. The broken return arrow with a
negative sign surrounded by a circle symbolises negative feedback.

If the response reverses the stimulus, a system is
operating by negative feedback.

STIMULUS

Disrupts homeostasis
by increasing

CONTROLLED CONDITION
Blood pressure

'

RECEPTORS \
Baroreceptors \

in certain
blood vessels \

Input /' Nerve impulses

Brain

CONTROL CENTRE ‘
| |

Return to
homeostasis when
the response brings
blood pressure
back to normal

Output [| Nerve impulses

EFFECTORS

]
I
/
Heart I

Blood I
vessels

/
/

-
RESPONSE

A decrease in heart rate
and the dilation (widening)
of blood vessels cause
blood pressure to decrease

What would happen to heart rate if some stimulus
caused blood pressure to decrease? Would this occur by
way of positive or negative feedback?



Figure 1.4 Positive feedback control of labour contractions
during birth of a baby. The broken return arrow with a positive
sign surrounded by a circle symbolises positive feedback.

If the response enhances or intensifies the stimulus, a
system is operating by positive feedback.

Contractions of the wall of
the uterus force the baby's
head or body into the cervix

I Increasing

CONTROLLED CONDITION
Stretching of the cervix

RECEPTORS \

Stretch- \
sensitive

nerve @
cells in
the cervix \
Input | Nerve impulses ‘
CONTROL CENTRE |
el Increased stretching
of the cervix causes
the release of more
oxytocin, which
results in more
stretching of the
cervix
Brain interprets input
Output and releases oxytocin "
EFFECTORS I
Muscles

in the wall

of the

uterus /
Contract more
forcefully /

V4
RESPONSE

Baby’s body stretches
the cervix more

1

Interruption of the cycle:
The birth of the baby
decreases stretching of the
cervix, thus breaking the
positive feedback cycle

Why do positive feedback systems that are part of a
normal physiological response include some mechanism
that terminates the system?
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may even lead to death if there is no medical intervention. As
you will see in chapter 19, blood clotting is also an example of a
positive feedback system.

These examples suggest some important differences between
positive and negative feedback systems. Because a positive feed-
back system continually reinforces a change in a controlled
condition, some event outside the system must shut it off. If
the action of a positive feedback system is not stopped, it can
‘run away’ and may even produce life-threatening conditions
in the body. The action of a negative feedback system, by con-
trast, slows and then stops as the controlled condition returns
to its normal state. Usually, positive feedback systems reinforce
conditions that do not happen very often, and negative feedback
systems regulate conditions in the body that remain fairly stable
over long periods.

Homeostatic imbalances

You’ve seen homeostasis defined as a condition in which the
body’s internal environment remains relatively stable. The body’s
ability to maintain homeostasis gives it tremendous healing power
and a remarkable resistance to abuse. The physiological processes
responsible for maintaining homeostasis are in large part also
responsible for your good health.

For most people, lifelong good health is not something that
happens effortlessly. The many factors in this balance called
health include the following:

¢ the environment and your own behaviour
* your genetic makeup

e the air you breathe, the food you eat, and even the thoughts
you think.

The way you live your life can either support or interfere with
your body’s ability to maintain homeostasis and recover from
the inevitable stresses life throws your way.

Many diseases are the result of years of poor health behaviour
that interferes with the body’s natural drive to maintain homeo-
stasis. An obvious example is smoking-related illness. Smoking
tobacco exposes sensitive lung tissue to a multitude of chemicals
that cause cancer and damage the lung’s ability to repair itself.
Because diseases such as emphysema and lung cancer are diffi-
cult to treat and are very rarely cured, it is much wiser to quit
smoking — or never start — than to hope a doctor can ‘fix’
you once you are diagnosed with a lung disease. Developing a
lifestyle that works with, rather than against, your body’s home-
ostatic processes helps you maximise your personal potential for
optimal health and well being.

As long as all of the body’s controlled conditions remain within
certain narrow limits, body cells function efficiently, home-
ostasis is maintained, and the body stays healthy. Should one
or more components of the body lose their ability to contribute
to homeostasis, however, the normal balance among all of the
body’s processes may be disturbed. If the homeostatic imbal-
ance is moderate, a disorder or disease may occur; if it is severe,
death may result.
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A disorder is any abnormality of structure or function. Disease
is a more specific term for an illness characterised by a recognis-
able set of signs and symptoms. A local disease affects one part
or a limited region of the body (for example, a sinus infection);
a systemic disease affects either the entire body or several parts
of it (for example, influenza). Diseases alter body structures and
functions in characteristic ways. A person with a disease may
experience symptoms, subjective changes in body functions that
are not apparent to an observer. Examples of symptoms are head-
ache, nausea, and anxiety. Objective changes that a clinician can
observe and measure are called signs. Signs of disease can be
either anatomical, such as swelling or a rash, or physiological,
such as fever, high blood pressure, or paralysis.

The science that deals with why, when, and where diseases
occur and how they are transmitted among individuals in a
community is known as epidemiology (ep’-i-dé-mée-OL-0-j€;
epi- = upon; -demi = people). Pharmacology (far’-ma-KOL-
0-j€; pharmac- = drug) is the science that deals with the effects
and uses of drugs in the treatment of disease.

CLINICAL CONNECTION | Diagnosis of disease

Diagnosis (di-ag-NO-sis; dia- = through; -gnosis = knowledge) is the
science and skill of distinguishing one disorder or disease from
another. The patient’s symptoms and signs, his or her medical history,
a physical exam, and laboratory tests provide the basis for making a
diagnosis. Taking a medical history consists of collecting information
about events that might be related to a patient’s illness. These
include the chief complaint (primary reason for seeking medical
attention), history of present illness, past medical problems, family
medical problems, social history, and review of symptoms. A physical
examination is an orderly evaluation of the body and its functions.
This process includes the noninvasive techniques of inspection, pal-
pation, auscultation, and percussion that you learned about earlier
in the chapter, along with measurement of vital signs (temperature,
pulse, respiratory rate, and blood pressure), and sometimes labora-

tory tests. e

CHECKPOINT
7. Describe the locations of intracellular fluid, extracellular
fluid, interstitial fluid, and blood plasma.
8. Why is interstitial fluid called the internal environment
of the body?
9. What types of disturbances can act as stimuli that
initiate a feedback system?
10. Define receptor, control centre, and effector.
11. What is the difference between symptoms and signs of a
disease? Give examples of each.

1.5 Basic anatomical terminology

OBJECTIVES

e Describe the anatomical position.

* Relate the anatomical names and the corresponding
common names for various regions of the human body.

e Define the anatomical planes, anatomical sections,
and directional terms used to describe the human
body.

e Outline the major body cavities, the organs they contain,
and their associated linings.

Scientists and health-care professionals use a common lan-
guage of special terms when referring to body structures and
their functions. The language of anatomy they use has precisely
defined meanings that allow us to communicate clearly and
precisely. For example, is it correct to say, ‘The wrist is above
the fingers’? This might be true if your upper limbs (described
shortly) are at your sides. But if you hold your hands up above
your head, your fingers would be above your wrists. To prevent
this kind of confusion, anatomists use a standard anatomical
position and a special vocabulary for relating body parts to one
another.

Body positions

Descriptions of any region or part of the human body assume
that it is in a standard position of reference called the anatomical
position (an’-a-TOM-i-kal). In the anatomical position, the
subject stands erect facing the observer, with the head level and
the eyes facing directly forward. The lower limbs are parallel and
the feet are flat on the floor and directed forward, and the upper
limbs are at the sides with the palms turned forward (figure 1.5).
Two terms describe a reclining body. If the body is lying face-
down, it is in the prone position. If the body is lying faceup, it is
in the supine position.

Regional names

The human body is divided into several major regions that can
be identified externally. The principal regions are the head,
neck, trunk, upper limbs, and lower limbs (figure 1.5). The
head consists of the skull and face. The skull encloses and pro-
tects the brain; the face is the front portion of the head that
includes the eyes, nose, mouth, forehead, cheeks, and chin. The
neck supports the head and attaches it to the trunk. The trunk
consists of the chest, abdomen, and pelvis. Each upper limb
attaches to the trunk and consists of the shoulder, armpit, arm
(portion of the limb from the shoulder to the elbow), forearm
(portion of the limb from the elbow to the wrist), wrist, and
hand. Each lower limb also attaches to the trunk and consists
of the buttock, thigh (portion of the limb from the buttock to
the knee), leg (portion of the limb from the knee to the ankle),
ankle, and foot. The groin is the area on the front surface of the
body marked by a crease on each side, where the trunk attaches
to the thighs.

Figure 1.5 shows the anatomical and common names of
major parts of the body. For example, if you receive a tetanus
shot in your gluteal region, it is an injection in your buttock.
Because the anatomical term for a body part usually is based on
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Figure 1.5 The anatomical position. The anatomical names and corresponding common names (in parentheses) are
indicated for specific body regions. For example, the cephalic region is the head.

In the anatomical position, the subject stands erect facing the observer with the head level and the eyes facing forward. The
lower limbs are parallel and the feet are flat on the floor and directed forward, and the upper limbs are at the sides with the

palms facing forward.

Frontal (forehead)
Temporal (temple)
/ Orbital or ocular (eye)

Cranial
skull .
CEPHALIC sl / Otic (ear)
(HEAD) Facial Buccal (cheek)
(face) \ CEPHALIC
Nasal (nose) (HEAD)
r Occipital
CERVICAL pita
(NECK) L . Oral (mouth) (base of skull)
Mental (chin) %EEFglll(CAL
Thorage————_ Sternal (breastb (NECK)
Axillary (chest) ernal (breastbone)
(armpit)
Scapular
Brachial Mammary (breast) (shoulder blade)
arm
farm T TAI)::I;r_n_ _a-l Umbilical Vertebral
n spinal column
Antecubital v | (abdomen) (navel) . (spi umn)
(front of elbow) % Coxal (hip) Dorsal
= / Inguinal Olecranal or (back)
Antebrachial (groin) cubital UPPER
(forearm) S (back of elbow) LIMB
Carpal F eel\(\l,fs Sacral Lumbar (loin)
gy [P (betweN _
hips)
— Pollex
Palmar (thumb)
or volar
(palm) Gluteal
Manual (buttock)
- hand)
Digital or { Perineal (region _
phalangeal of anus and
(fingers) Femoral Pubic external genitals) Dorsum
(thigh) (pubis) (back of
Patellar ——— hand)
atellar .
; Popliteal |
(anterior surface of knee) (hollow behind knee) tﬁanER
Crural
(leg)
Sural
Tarsal (calf)
(ankle)
redal 1 pigital or
(foot) phalangeal
(toes) Dorsum
(top of foot) f’lalnt)ar
sole _
Hallux T Calcaneal
(a) Anterior view (great toe) (b) Posterior view (heel)

What is the usefulness of defining one standard anatomical position?

a Greek or Latin word, it may look different from the common
name for the same part or area. For example, the Latin word
axilla (ak-SIL-a) is the common name for armpit. Thus, the
axillary nerve is one of the nerves passing within the armpit.
You will learn more about the Greek and Latin word roots of
anatomical and physiological terms as you read this book.

Directional terms

To locate various body structures, anatomists use specific direc-
tional terms, words that describe the position of one body part
relative to another. Several directional terms are grouped in pairs
that have opposite meanings, such as anterior (front) and posterior
(back). Exhibit 1. A and figure 1.6 present the main directional terms.
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Directional terms (figure 1.6)

OBJECTIVE
e Define each directional term used to describe the human

used to describe the position of one structure relative to another.
For example, your knee is superior to your ankle, even though

body. both are located in the inferior half of the body. Study the direc-
tional terms below and the example of how each is used. As you
OVERVIEW read the examples, look at figure 1.6 to see the location of each

structure.
Most of the directional terms used to describe the relationship

of one part of the body to another can be grouped into pairs that
have opposite meanings. For example, superior means towards
the upper part of the body, and inferior means towards the
lower part of the body. It is important to understand that direc-
tional terms have relative meanings; they make sense only when

CHECKPOINT

12. Which directional terms can be used to specify the
relationships between (1) the elbow and the shoulder,
(2) the left and right shoulders, (3) the sternum and the
humerus, and (4) the heart and the diaphragm?

DIRECTIONAL TERM

Superior (soo’-PER-é-or)
(cephalic or cranial)

Inferior (in-FE-ré-or) (caudal)

Anterior (an-TER-&-or) (ventral)*

Posterior (pos-TER-&-or) (dorsal)
Medial (ME-dé-al)

Lateral (LAT-er-al)

Intermediate (in’-ter-ME-dé-at)

Ipsilateral (ip-si-LAT-er-al)
Contralateral (KON-tra-lat-er-al)
Proximal (PROK-si-mal)

Distal (DIS-tal)

Superficial (soo’-per-FISH-al)
(external)

Deep (Internal)

DEFINITION

Towards the head, or the upper part of a structure.

Away from the head, or the lower part of a structure.
Nearer to or at the front of the body.
Nearer to or at the back of the body.

Nearer to the midline (an imaginary vertical line that divides
the body into equal right and left sides).

Farther from the midline.

Between two structures.

On the same side of the body as another structure.
On the opposite side of the body from another structure.

Nearer to the attachment of a limb to the trunk; nearer to the
origination of a structure.

Farther from the attachment of a limb to the trunk; farther
from the origination of a structure.

Towards or on the surface of the body.

Away from the surface of the body.

EXAMPLE OF USE

The heart is superior to the liver.

The stomach is inferior to the lungs.
The sternum (breastbone) is anterior to the heart.

The oesophagus (food tube) is posterior to the trachea
(windpipe).

The ulna is medial to the radius.

The lungs are lateral to the heart.

The transverse colon is intermediate to the ascending
and descending colons.

The gall bladder and ascending colon are ipsilateral.
The ascending and descending colons are contralateral.

The humerus (arm bone) is proximal to the radius.

The phalanges (finger bones) are distal to the carpals
(wrist bones).

The ribs are superficial to the lungs.

The ribs are deep to the skin of the chest and back.

*Note that the terms anterior and ventral mean the same thing in humans. However, in four-legged animals ventral refers to the belly side and is therefore
inferior. Similarly, the terms posterior and dorsal mean the same thing in humans, but in four-legged animals dorsal refers to the back side and is therefore

superior.
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Figure 1.6 Directional terms.

Directional terms precisely locate various parts of the body relative to one another. =
oc
LATERAL «<—> MEDIAL €«<— > LATERAL L
-
Vidline SUPERIOR 4§
A <
I
|9}
/ Oesophagus (food tube)
/ Trachea (windpipe)
PROXIMAL
Rib
Right lung
Sternum Left lung
(breastbone)
Heart
Humerus
Diaphragm
Spleen
Stomach
Transverse colon
Liver
Radius Small intestine
Ulna Descending colon
Gall bladV
Ascending
colon
Urinary bladder
—= Carpals
Metacarpals
Phalanges
Y
DISTAL INFERIOR

Anterior view of trunk and right upper limb

Is the radius proximal to the humerus? Is the oesophagus anterior to the trachea? Are the ribs superficial to the
lungs? Is the urinary bladder medial to the ascending colon? Is the sternum lateral to the descending colon?
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Planes and sections

You will also study parts of the body relative to planes, imaginary
flat surfaces that pass through the body parts (figure 1.7). A sag-
ittal plane (SAJ-i-tal; sagitt- = arrow) is a vertical plane that
divides the body or an organ into right and left sides. More
specifically, when such a plane passes through the midline of the
body or an organ and divides it into equal right and left sides, it is
called a midsagittal plane or a median plane. The midline is an
imaginary vertical line that divides the body into equal left
and right sides. If the sagittal plane does not pass through the
midline but instead divides the body or an organ into unequal
right and left sides, it is called a parasagittal plane (para- =
near). A frontal or coronal plane (k6-RO-nal; corona = crown)
divides the body or an organ into anterior (front) and posterior

Figure 1.7 Planes through the human body.

Frontal, transverse, sagittal, and oblique planes divide
the body in specific ways.

Frontal
plane
Parasagittal Midsagittal
plane plane
(through
midline)
Transverse
plane
Oblique
plane

Anterior view

Which plane divides the heart into anterior and
posterior portions?

(back) portions. A transverse plane divides the body or an organ
into superior (upper) and inferior (lower) portions. Other names
for a transverse plane are a cross-sectional or horizontal plane.
Sagittal, frontal, and transverse planes are all at right angles to
one another. An oblique plane (5-BLEK), by contrast, passes
through the body or an organ at an oblique angle (any angle other
than a 90-degree angle).

Figure 1.8 Planes and sections through different parts of the
brain. The diagrams (left) show the planes, and the photographs
(right) show the resulting sections. Note: the arrows in the diagrams
indicate the direction from which each section is viewed. This aid
is used throughout the book to indicate viewing perspectives.

Planes divide the body in various ways to produce
sections.

Midsagittal plane

/

View
Midsagittal section
(a)
Frontal plane
View
Frontal section
(b)
View
Transverse
plane
Posterior Anterior

Transverse section
()

Which plane divides the brain into unequal right and left
portions?



When you study a body region, you often view it in section.
A section is a cut of the body or one of its organs made along
one of the planes just described. It is important to know the plane
of the section so you can understand the anatomical relationship
of one part to another. Figure |.8a—c indicates how three different
sections — midsagittal, frontal, and transverse — provide dif-
ferent views of the brain.

Body cavities

Body cavities are spaces that enclose internal organs. Bones,
muscles, ligaments, and other structures separate the various
body cavities from one another. Here we discuss several body
cavities (figure 1.9).

The cranial bones form a hollow space of the head called
the cranial cavity (KRA-né-al), which contains the brain. The
bones of the vertebral column (backbone) form the vertebral
(spinal) canal (VER-te-bral), which contains the spinal cord.
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The cranial cavity and vertebral canal are continuous with
one another. Three layers of protective tissue, the meninges
(me-NIN-jéz), and a shock-absorbing fluid surround the brain
and spinal cord.

The major body cavities of the trunk are the thoracic and
abdominopelvic cavities. The thoracic cavity (thor-AS-ik;
thorac- = chest) or chest cavity (figure 1.10) is formed by
the ribs, the muscles of the chest, the sternum (breastbone),
and the thoracic portion of the vertebral column. Within the
thoracic cavity are the pericardial cavity (per’-i-KAR-dé-al;
peri- = around; -cardial = heart), a fluid-filled space that sur-
rounds the heart, and two fluid-filled spaces called pleural
cavities (PLOOR-al; pleur- = rib or side), one around each
lung. The central part of the thoracic cavity is an anatomical
region called the mediastinum (mé’-dé-as-TI-num; media- =
middle; -stinum = partition). It is between the lungs, extending
from the sternum to the vertebral column and from the first rib
to the diaphragm (figure 1.10a,b). The mediastinum contains all

Figure 1.9 Body cavities. The black dashed line in (a) indicates the border between the abdominal and pelvic cavities.

The major cavities of the trunk are the thoracic and abdominopelvic cavities.

Cranial
cavity

Vertebral
canal

Thoracic
cavity

— Diaphragm

Abdominopelvic

cavity:
Abdominal
cavity

r
Pelvic '
N cavity !

(a) Right lateral view (b) Anterior view

=

CAVITY COMMENTS

Cranial cavity Formed by cranial bones and contains brain.

Formed by vertebral column and contains spinal
cord and the beginnings of spinal nerves.

Vertebral canal

Thoracic cavity* Chest cavity; contains pleural and pericardial

cavities and the mediastinum.

Pleural cavity A potential space between the layers of the

pleura that surrounds a lung.

Pericardial cavity A potential space between the layers of the

pericardium that surrounds the heart.

Mediastinum Central portion of thoracic cavity between the
lungs; extends from sternum to vertebral column
and from first rib to diaphragm; contains heart,
thymus, oesophagus, trachea, and several large

blood vessels.

Abdominopelvic
cavity

Subdivided into abdominal and pelvic cavities.

Abdominal cavity  Contains stomach, spleen, liver, gall bladder,
small intestine, and most of large intestine; the
serous membrane of the abdominal cavity is
the peritoneum.

Pelvic cavity Contains urinary bladder, portions of large

intestine, and internal organs of reproduction.

* See figure 1.10 for details of the thoracic cavity.

In which cavities are the following organs located: urinary bladder, stomach, heart, small intestine, lungs, internal female
reproductive organs, thymus, spleen, liver? Use the following symbols for your responses: T = thoracic cavity, A = abdominal

cavity, or P = pelvic cavity.
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Figure 1.10 The thoracic cavity. The black dashed lines indicate the borders of the mediastinum. Note: when transverse sections are
viewed inferiorly (from below), the anterior aspect of the body appears on top and the left side of the body appears on the
right side of the illustration.

The thoracic cavity contains three smaller cavities and the mediastinum.

MEDIASTINUM
Right pleural ) . .
cavity Parietal pericardium
PLEURA Parietal pleura Pericardial cavity PERICARDIUM
Visceral pericardium
Visceral pleura
Diaphragm
Left pleural cavity
(a) Anterior view of thoracic cavity
Transverse plane
e P
ANTERIOR
View
= Sternum
;7 - ~—= (breastbone)
Muscle P S
’ N Thymus
Heart F \
/ 1
PERICARDIAL L /
CAVITY \ .
\ e Left lung
. \ t
Right lung N \
N \
) 1
‘o . Oesophagus
Aorta \’ ) (food tube)
v N
RIGHT Vertebral column
PLEURAL (backbone)
CAVITY
. LEFT
Rib PLEURAL
CAVITY
POSTERIOR
(b) Inferior view of transverse section of thoracic cavity
What is the name of the cavity that surrounds the heart? Which cavities surround the lungs?
thoracic organs except the lungs themselves. Among the struc-  dome-shaped muscle that separates the thoracic cavity from the
tures in the mediastinum are the heart, oesophagus, trachea, abdominopelvic cavity.
thymus, and several large blood vessels that enter and exit the The abdominopelvic cavity (ab-dom’-i-no-PEL-vik; see

heart. The diaphragm (DI-a-fram = partition or wall) is a  figure 1.9) extends from the diaphragm to the groin and is



encircled by the abdominal muscular wall and the bones and
muscles of the pelvis. As the name suggests, the abdomin-
opelvic cavity is divided into two portions, even though no
wall separates them (figure 1.11). The superior portion, the
abdominal cavity (ab-DOM-i-nal; abdomin- = belly), contains
the stomach, spleen, liver, gall bladder, small intestine, and most
of the large intestine. The inferior portion, the pelvic cavity
(PEL-vik; pelv- = basin), contains the urinary bladder, portions
of the large intestine, and internal organs of the reproductive
system. Organs inside the thoracic and abdominopelvic cavities
are called viscera (VIS-er-a).

Figure 1.11 The abdominopelvic cavity. The black dashed
lower line shows the approximate boundary
between the abdominal and pelvic cavities.

The abdominopelvic cavity extends from the diaphragm
to the groin.

Liver ——— Diaphragm
\
Gall bladder ————— Stomach
1
ABDOMINAL
CAVITY
Large Small
intestine intestine
PELVIC CAVITY
Urinary
bladder
Anterior view

To which body systems do the organs shown here within
the abdominal and pelvic cavities belong? (Hint: refer to
table 1.2.)

Thoracic and abdominal cavity membranes

A membrane is a thin, pliable tissue that covers, lines, partitions,
or connects structures. One example is a slippery, double-layered
membrane associated with body cavities that does not open directly
to the exterior called a serous membrane (SER-us). It covers the
viscera within the thoracic and abdominal cavities and also lines
the walls of the thorax and abdomen. The parts of a serous mem-
brane are (1) the parietal layer (pa-RI-e-tal), a thin epithelium
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that lines the walls of the cavities, and (2) the visceral layer (VIS-
er-al), a thin epithelium that covers and adheres to the viscera
within the cavities. Between the two layers is a potential space
that contains small amount of lubricating fluid (serous fluid). The
fluid allows the viscera to slide somewhat during movements,
such as when the lungs inflate and deflate during breathing.

The serous membrane of the pleural cavities is called the
pleura (PLOO-ra). The visceral pleura clings to the surface of
the lungs, and the parietal pleura lines the chest wall, covering
the superior surface of the diaphragm (see figure 1.10a). In
between is the pleural cavity, filled with a small amount of lubri-
cating serous fluid (see figure 1.10). The serous membrane of the
pericardial cavity is the pericardium (per’-i-KAR-dé-um). The
visceral pericardium covers the surface of the heart; the parietal
pericardium lines the chest wall. Between them is the pericar-
dial cavity, filled with a small amount of lubricating serous
fluid (see figure 1.10). The peritoneum (per’-i-to-NE-um) is the
serous membrane of the abdominal cavity. The visceral perito-
neum covers the abdominal viscera, and the parietal peritoneum
lines the abdominal wall, covering the inferior surface of the dia-
phragm. Between them is the peritoneal cavity, which contains a
small amount of lubricating serous fluid. Most abdominal organs
are surrounded by the peritoneum. Some are not surrounded
by the peritoneum; instead they are posterior to it [to limit rep-
etition of peritoneum]. Such organs are said to be retroperitoneal
(re’-tro-per-i-to-NE-al; retro- = behind). The kidneys, adrenal
glands, pancreas, duodenum of the small intestine, ascending
and descending colons of the large intestine, and portions of the
abdominal aorta and inferior vena cava are retroperitoneal.

In addition to the major body cavities just described, you will
also learn about other body cavities in later chapters. These include
the oral (mouth) cavity, which contains the tongue and teeth (see
figure 24.5); the nasal cavity in the nose (see figure 23.1); the
orbital cavities (orbits), which contain the eyeballs (see figure 7.3);
the middle ear cavities (middle ears), which contain small bones
(see figure 17.19); and the synovial cavities, which are found in
freely movable joints and contain synovial fluid (see figure 9.3).

A summary of the major body cavities and their membranes
is presented in the table included in figure 1.9.

Abdominopelvic regions and quadrants

To describe the location of the many abdominal and pelvic
organs more easily, anatomists and clinicians use two methods
of dividing the abdominopelvic cavity into smaller areas. In the
first method, two horizontal and two vertical lines, aligned like a
tic-tac-toe grid, partition this cavity into nine abdominopelvic
regions (figure 1.12a). The top horizontal line, the subcostal line
(sub- = under; costal = rib), is drawn just inferior to the ribs,
across the inferior portion of the stomach; the bottom horizontal
line, the transtubercular line (trans-too-BER-ki-lar), is drawn
just inferior to the tops of the hip bones. Two vertical lines, the
left and right midclavicular lines (mid-kla-VIK-i-lar), are drawn
through the midpoints of the clavicles (collar bones), just medial
to the nipples. The four lines divide the abdominopelvic cavity
into a larger middle section and smaller left and right sections.
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Figure 1.12 Regions and quadrants of the abdominopelvic cavity.

The nine-region designation is used for anatomical studies; the quadrant designation is used to locate the site of pain,

tumours, or some other abnormality.

Clavicles

N

Midclavicular lines

Right Left
RIGHT EPIGASTRIC | LEFT
HYPOCHONDRIAC |REGION HYPOCHONDRIAC
REGION REGION

RIGHT UMBILICAL | LEFT
LUMBAR | REGION LUMBAR
REGION REGION

HYPOGASTRIC
RIGHT INGUINAL |REGION LEFT INGUINAL
REGION REGION

(a) Anterior view showing location of abdominopelvic regions

Median
line
RIGHT LEFT
UPPER UPPER
QUADRANT QUADRANT
(RUQ) (LuQ)
Transumbilical
line
RIGHT LEFT
LOWER LOWER
QUADRANT QUADRANT
(RLQ) (LLQ)

(b) Anterior view showing location of abdominopelvic quadrants

In which abdominopelvic region is each of the following found: most of the liver, ascending colon, urinary bladder, and most of
the small intestine? In which abdominopelvic quadrant would pain from appendicitis (inflammation of the appendix) be felt?

The names of the nine abdominopelvic regions are right hypo-
chondriac (hi’-p6-KON-dré-ak), epigastric (ep-i-GAS-trik),
left hypochondriac, right lumbar, umbilical (um-BIL-i-kal),
left lumbar, right inguinal (iliac) (IN-gwi-nal), hypogastric
(pubic), and left inguinal (iliac).

The second method is simpler and divides the abdominopelvic
cavity into quadrants (KWOD-rantz; quad- = one-fourth),
as shown in figure 1.12b. In this method, a midsagittal line (the
median line) and a transverse line (the transumbilical line) are
passed through the umbilicus (um-BI-li-kus; umbilic- = navel)
or belly button. The names of the abdominopelvic quadrants are
right upper quadrant (RUQ), left upper quadrant (LUQ),
right lower quadrant (RLQ), and left lower quadrant (LLQ).
The nine-region division is more widely used for anatomical
studies, and quadrants are more commonly used by clinicians for
describing the site of abdominopelvic pain, a tumour, or another
abnormality.

CHECKPOINT

13. Locate each region shown in figure 1.5 on your own
body, and then identify it by its anatomical name and
the corresponding common name.

14. What structures separate the various body cavities from
one another?

15. Locate the nine abdominopelvic regions and the four
abdominopelvic quadrants on yourself, and list some of
the organs found in each.

1.6 Medical imaging

OBJECTIVE

e Describe the principles and importance of medical
imaging procedures in the evaluation of organ functions
and the diagnosis of disease.

Medical imaging refers to techniques and procedures used
to create images of the human body. Various types of medical
imaging allow visualisation of structures inside our bodies and
are increasingly helpful for precise diagnosis of a wide range
of anatomical and physiological disorders. The grandparent of
all medical imaging techniques is conventional radiography
(x-rays), in medical use since the late 1940s. The newer imaging
technologies not only contribute to diagnosis of disease, but they
also are advancing our understanding of normal anatomy and
physiology. Table 1.3 describes some commonly used medical
imaging techniques. Other imaging methods, such as cardiac
catheterisation, will be discussed in later chapters.



TABLE 1.3
Common medical imaging procedures

RADIOGRAPHY

Procedure: A single barrage of x-rays passes through the body, producing

an image of interior structures on x-ray—sensitive film. The resulting two-
dimensional image is a radiograph (RA-dé-o-graf’), commonly called

an x-ray.

Comments: Relatively inexpensive, quick, and simple to perform; usually
provides sufficient information for diagnosis. X-rays do not easily pass through
dense structures, so bones appear white. Hollow structures, such as the lungs,
appear black. Structures of intermediate density, such as skin, fat, and muscle,
appear as varying shades of grey. At low doses, x-rays are useful for examining
soft tissues such as the breast (mammography) and for determining bone
density (bone densitometry).

Vertebral
column

Left clavicle
Left rib

Left lung

Heart
Diaphragm

Radiograph of thorax in anterior view
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1

It is necessary to use a substance called a contrast medium to make hollow
or fluid-filled structures visible (appear white) in radiographs. X-rays make
structures that contain contrast media appear white. The medium may be
introduced by injection, orally, or rectally, depending on the structure to be
imaged. Contrast x-rays are used to image blood vessels (angiography),
the urinary system (intravenous urography), and the gastrointestinal tract
(barium contrast x-ray).
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Bone densitometry scan of
Mammogram of female breast lumbar spine in anterior view
showing cancerous tumour
(white mass with uneven border)

Intravenous urogram showing kidney stone (arrow)

in right kidney

Angiogram of adult human heart showing
blockage in coronary artery (arrow)

Barium contrast x-ray showing cancer of the
ascending colon (arrow)

TABLE 1.3 CONTINUES



	Cover
	Title Page
	Copyright Page
	Brief Contents
	Contents
	Preface
	About the Authors
	How to Use this Resource
	1 An introduction to the human body
	1.1 Anatomy and physiology defined
	1.2 Levels of structural organisation and body systems
	1.3 Characteristics of the living human organism
	Basic life processes

	1.4 Homeostasis
	Homeostasis and body fluids
	Control of homeostasis
	Homeostatic imbalances

	1.5 Basic anatomical terminology
	Body positions
	Regional names
	Directional terms
	Planes and sections
	Body cavities
	Abdominopelvic regions and quadrants

	1.6 Medical imaging
	Chapter review
	Critical thinking questions
	Answers to figure questions

	2 The chemical level of organisation
	2.1 How matter is organised
	Chemical elements
	Structure of atoms
	Atomic number and mass number
	Atomic mass
	Ions, molecules, and compounds

	2.2 Chemical bonds
	Ionic bonds
	Covalent bonds
	Hydrogen bonds

	2.3 Chemical reactions
	Forms of energy and chemical reactions
	Energy transfer in chemical reactions
	Types of chemical reactions

	2.4 Inorganic compounds and solutions
	Water
	Solutions, colloids, and suspensions
	Inorganic acids, bases, and salts
	Acid–base balance: the concept of pH
	Maintaining pH: buffer systems

	2.5 Organic compounds
	Carbon and its functional groups
	Carbohydrates
	Lipids
	Proteins
	Nucleic acids: deoxyribonucleic acid (DNA) and ribonucleic acid (RNA)
	Adenosine triphosphate

	Chapter review
	Critical thinking questions
	Answers to figure questions

	3 The cellular level of organisation
	3.1 Parts of a cell
	3.2 The plasma membrane
	Structure of the plasma membrane
	Functions of membrane proteins
	Membrane fluidity
	Membrane permeability
	Gradients across the plasma membrane

	3.3 Transport across the plasma membrane
	Passive processes
	Active processes

	3.4 Cytoplasm
	Cytosol
	Organelles

	3.5 Nucleus
	3.6 Protein synthesis
	Transcription
	Translation

	3.7 Cell division
	Somatic cell division
	Control of cell destiny
	Reproductive cell division

	3.8 Cellular diversity
	3.9 Ageing and cells
	Medical terminology
	Chapter review
	Critical thinking questions
	Answers to figure questions

	4 The tissue level of organisation
	4.1 Types of tissues
	4.2 Cell junctions
	Tight junctions
	Adherens junctions
	Desmosomes
	Hemidesmosomes
	Gap junctions

	4.3 Comparison between epithelial and connective tissues
	4.4 Epithelial tissue
	Classification of epithelial tissue
	Covering and lining epithelium
	Glandular epithelium

	4.5 Connective tissue
	General features of connective tissue
	Connective tissue cells
	Connective tissue extracellular matrix
	Classification of connective tissue
	Embryonic connective tissue
	Mature connective tissue

	4.6 Membranes
	Epithelial membranes
	Synovial membranes

	4.7 Muscular tissue
	4.8 Nervous tissue
	4.9 Excitable cells
	4.10 Tissue repair: restoring homeostasis
	4.11 Ageing and tissues
	Medical terminology
	Chapter review
	Critical thinking questions
	Answers to figure questions

	5 The integumentary system
	5.1 Structure of the skin
	Epidermis
	Keratinisation and growth of the epidermis
	Dermis
	The structural basis of skin colour
	Tattooing and body piercing

	5.2 Accessory structures of the skin
	Hair
	Skin glands
	Nails

	5.3 Types of skin
	5.4 Functions of the skin
	Thermoregulation
	Blood reservoir
	Protection
	Cutaneous sensations
	Excretion and absorption
	Synthesis of vitamin D

	5.5 Maintaining homeostasis: skin wound healing
	Epidermal wound healing
	Deep wound healing

	5.6 Development of the integumentary system
	5.7 Ageing and the integumentary system
	Medical terminology
	Chapter review
	Critical thinking questions
	Answers to figure questions

	6 The skeletal system: bone tissue
	6.1 Functions of bone and the skeletal system
	6.2 Structure of bone
	6.3 Histology of bone tissue
	Compact bone tissue
	Spongy bone tissue

	6.4 Blood and nerve supply of bone
	6.5 Bone formation
	Initial bone formation in an embryo and foetus
	Bone growth during infancy, childhood, and adolescence
	Remodelling of bone
	Factors affecting bone growth and bone remodelling

	6.6 Fracture and repair of bone
	6.7 Bone’s role in calcium homeostasis
	6.8 Exercise and bone tissue
	6.9 Ageing and bone tissue
	Medical terminology
	Chapter review
	Critical thinking questions
	Answers to figure questions

	7 The skeletal system: The axial skeleton
	7.1 Divisions of the skeletal system
	7.2 Types of bones
	7.3 Bone surface markings
	7.4 Skull
	General features and functions
	Nasal septum
	Orbits
	Foramina
	Unique features of the skull

	7.5 Hyoid bone
	7.6 Vertebral column
	Normal curves of the vertebral column
	Intervertebral discs
	Parts of a typical vertebra
	Regions of the vertebral column
	Age-related changes in the vertebral column

	7.7 Thorax
	Medical terminology
	Chapter review
	Critical thinking questions
	Answers to figure questions

	8 The skeletal system: The appendicular skeleton
	8.1 Pectoral (shoulder) girdle
	8.2 Upper limb (extremity)
	8.3 Pelvic (hip) girdle
	8.4 False and true pelves
	8.5 Comparison of female and male pelves
	8.6 Lower limb (extremity)
	8.7 Development of the skeletal system
	Medical terminology
	Chapter review
	Critical thinking questions
	Answers to figure questions

	9 Joints
	9.1 Joint classifications
	9.2 Fibrous joints
	Sutures
	Syndesmoses
	Interosseous membranes

	9.3 Cartilaginous joints
	Synchondroses
	Symphyses

	9.4 Synovial joints
	Structure of synovial joints
	Nerve and blood supply
	Bursae and tendon sheaths

	9.5 Types of movements at synovial joints
	Gliding
	Angular movements
	Rotation
	Special movements

	9.6 Types of synovial joints
	Plane joints
	Hinge joints
	Pivot joints
	Condyloid joints
	Saddle joints
	Ball-and-socket joints

	9.7 Factors affecting contact and range of motion at synovial joints
	9.8 Selected joints of the body
	9.9 Ageing and joints
	9.10 Arthroplasty
	Hip replacements
	Knee replacements

	Medical terminology
	Chapter review
	Critical thinking questions
	Answers to figure questions

	10 Muscular tissue
	10.1 Overview of muscular tissue
	Types of muscular tissue
	Functions of muscular tissue
	Properties of muscular tissue

	10.2 Skeletal muscle tissue
	Connective tissue components
	Nerve and blood supply
	Microscopic anatomy of a skeletal muscle fibre
	Muscle proteins

	10.3 Contraction and relaxation of skeletal muscle fibres
	The sliding filament mechanism
	The neuromuscular  junction

	10.4 Muscle metabolism
	Production of atp in muscle fibres
	Muscle fatigue
	Oxygen consumption after exercise

	10.5 Control of muscle tension
	Motor units
	Twitch contraction
	Frequency of stimulation
	Motor unit recruitment
	Muscle tone
	Isotonic and isometric contractions

	10.6 Types of skeletal muscle fibres
	Slow oxidative fibres
	Fast oxidative–glycolytic fibres
	Fast glycolytic fibres
	Distribution and recruitment of different types of fibres

	10.7 Exercise and skeletal muscle tissue
	Effective stretching
	Strength training

	10.8 Cardiac muscle tissue
	10.9 Smooth muscle tissue
	Microscopic anatomy of smooth muscle
	Physiology of smooth muscle

	10.10 Regeneration of muscular tissue
	10.11 Development of muscle
	10.12 Ageing and muscular tissue
	Medical terminology
	Chapter review
	Critical thinking questions
	Answers to figure questions

	11 The muscular system
	11.1 How skeletal muscles produce movements
	Muscle attachment sites: origin and insertion
	Lever systems and leverage
	Effects of fascicle arrangement
	Coordination among muscles

	11.2 How skeletal muscles are named
	11.3 Principal skeletal muscles
	Medical terminology
	Chapter review
	Critical thinking questions
	Answers to figure questions

	12 Nervous tissue
	12.1 Overview of the nervous system
	Organisation of the nervous system
	Functions of the nervous system

	12.2 Histology of nervous tissue
	Neurons
	Neuroglia
	Myelination
	Collections of nervous tissue

	12.3 Electrical signals in neurons
	Ion channels
	Resting membrane potential
	Graded potentials
	Generation of action potentials
	Propagation of action potentials
	Encoding of stimulus intensity
	Comparison of electrical signals produced by excitable cells

	12.4 Signal transmission at synapses
	Electrical synapses
	Chemical synapses
	Excitatory and inhibitory postsynaptic potentials
	Structure of neurotransmitter receptors
	Removal of neurotransmitter
	Spatial and temporal summation of postsynaptic potentials

	12.5 Neurotransmitters
	Small-molecule neurotransmitters
	Neuropeptides

	12.6 Neural circuits
	12.7 Regeneration and repair of nervous tissue
	Neurogenesis in the CNS
	Damage and repair in the PNS

	Medical terminology
	Chapter review
	Critical thinking questions
	Answers to figure questions

	13 The spinal cord and spinal nerves
	13.1 Spinal cord anatomy
	Protective structures
	External anatomy of the spinal cord
	Internal anatomy of the spinal cord

	13.2 Spinal nerves
	Connective tissue coverings of spinal nerves
	Distribution of spinal nerves
	Dermatomes

	13.3 Spinal cord physiology
	Sensory and motor tracts
	Reflexes and reflex arcs

	Medical terminology
	Chapter review
	Critical thinking questions
	Answers to figure questions

	14 The brain and cranial nerves
	14.1 Brain organisation, protection, and blood supply
	Major parts of the brain
	Protective coverings of the brain
	Brain blood flow and the blood–brain barrier

	14.2 Cerebrospinal fluid
	Functions of CSF
	Formation of CSF in the ventricles
	Circulation of CSF

	14.3 The brain stem and reticular formation
	Medulla oblongata
	Pons
	Midbrain
	Reticular formation

	14.4 The cerebellum
	14.5 The diencephalon
	Thalamus
	Hypothalamus
	Epithalamus
	Circumventricular organs

	14.6 The cerebrum
	Cerebral cortex
	Lobes of the cerebrum
	Cerebral white matter
	Basal nuclei
	The limbic system

	14.7 Functional organisation of the cerebral cortex
	Sensory areas
	Motor areas
	Association areas
	Hemispheric lateralisation
	Brain waves

	14.8 Cranial nerves
	14.9 Development of the nervous system
	14.10 Ageing and the nervous system
	Medical terminology
	Chapter review
	Critical thinking questions
	Answers to figure questions

	15 The autonomic nervous system
	15.1 Comparison of somatic and autonomic nervous systems
	Somatic nervous system
	Autonomic nervous system
	Comparison of somatic and autonomic motor neurons

	15.2 Anatomy of autonomic motor pathways
	Anatomical components
	Structure of the sympathetic division
	Structure of the parasympathetic division
	Structure of the enteric division

	15.3 Ans neurotransmitters and receptors
	Cholinergic neurons and receptors
	Adrenergic neurons and receptors
	Receptor agonists and antagonists

	15.4 Physiology of the ANS
	Autonomic tone
	Sympathetic responses
	Parasympathetic responses

	15.5 Integration and control of autonomic functions
	Autonomic reflexes
	Autonomic control by higher centres

	Medical terminology
	Chapter review
	Critical thinking questions
	Answers to figure questions

	16 Sensory, motor, and integrative systems
	16.1 Sensation
	Sensory modalities
	The process of sensation
	Sensory receptors

	16.2 Somatic sensations
	Tactile sensations
	Thermal sensations
	Pain sensations
	Proprioceptive sensations

	16.3 Somatic sensory pathways
	Posterior column–medial lemniscus pathway to the cortex
	Anterolateral pathway to the cortex
	Trigeminothalamic pathway to the cortex
	Mapping the primary somatosensory area
	Somatic sensory pathways to the cerebellum

	16.4 Somatic motor pathways
	Organisation of upper motor neuron pathways
	Roles of the basal nuclei
	Modulation of movement by the cerebellum

	16.5 Integrative functions of the cerebrum
	Wakefulness and sleep
	Learning and memory

	Medical terminology
	Chapter review
	Critical thinking questions
	Answers to figure questions

	17 The special senses
	17.1 Olfaction: sense of smell
	Anatomy of olfactory receptors
	Physiology of olfaction
	Odour thresholds and adaptation
	The olfactory pathway

	17.2 Gustation: sense of taste
	Anatomy of taste buds and papillae
	Physiology of gustation
	Taste thresholds and adaptation
	The gustatory pathway

	17.3 Vision
	Electromagnetic radiation
	Accessory structures of the eye
	Anatomy of the eyeball
	Image formation
	Convergence
	Physiology of vision
	The visual pathway

	17.4 Hearing and equilibrium
	Anatomy of the ear
	The nature of sound waves
	Physiology of hearing
	The auditory pathway
	Physiology of equilibrium
	Equilibrium pathways

	17.5 Development of the eyes and ears
	Eyes
	Ears

	17.6 Ageing and the special senses
	Medical terminology
	Chapter review
	Critical thinking questions
	Answers to figure questions

	18 The endocrine system
	18.1 Comparison of control by the nervous and endocrine systems
	18.2 Endocrine glands
	18.3 Hormone activity
	The role of hormone receptors
	Circulating and local hormones
	Chemical classes of hormones
	Hormone transport in the blood

	18.4 Mechanisms of hormone action
	Action of lipid-soluble hormones
	Action of water-soluble hormones
	Hormone interactions

	18.5 Control of hormone secretion
	18.6 Hypothalamus and pituitary gland
	Anterior pituitary
	Posterior pituitary

	18.7 Thyroid gland
	Formation, storage, and release of thyroid hormones
	Actions of thyroid hormones
	Control of thyroid hormone secretion
	Calcitonin

	18.8 Parathyroid glands
	Parathyroid hormone
	Control of secretion of calcitonin and parathyroid hormone

	18.9 Adrenal glands
	Adrenal cortex
	Adrenal medulla

	18.10 Pancreatic islets
	Cell types in the pancreatic islets
	Control of secretion of glucagon and insulin

	18.11 Ovaries and testes
	18.12 Pineal gland and thymus
	18.13 Other endocrine tissues and organs, eicosanoids, and growth factors
	Hormones from other endocrine tissues and organs
	Eicosanoids
	Growth factors

	18.14 The stress response
	The fight-or-flight response
	The resistance reaction
	Exhaustion
	Stress and disease

	18.15 Development of the endocrine system
	18.16 Ageing and the endocrine system
	Medical terminology
	Chapter review
	Critical thinking questions
	Answers to figure questions

	19 The cardiovascular system: The blood
	19.1 Functions and properties of blood
	Functions of blood
	Physical characteristics of blood
	Components of blood

	19.2 Formation of blood cells
	19.3 Red blood cells
	RBC anatomy
	RBC physiology
	RBC life cycle
	Erythropoiesis: production of RBCs

	19.4 White blood cells
	Types of white blood cells
	Functions of white blood cells

	19.5 Platelets
	19.6 Stem cell transplants from bone marrow and cord blood
	19.7 Haemostasis
	Vascular spasm
	Platelet plug formation
	Blood clotting
	Role of vitamin K in clotting
	Homeostatic control mechanisms
	Intravascular clotting

	19.8 Blood groups and blood types
	ABO blood group
	Transfusions
	Rh blood group
	Typing and cross-matching blood for transfusion

	Medical terminology
	Chapter review
	Critical thinking questions
	Answers to figure questions

	20 The cardiovascular system: The heart
	20.1 Anatomy of the heart
	Location of the heart
	Pericardium
	Layers of the heart wall
	Chambers of the heart
	Myocardial thickness and function
	Fibrous skeleton of the heart

	20.2 Heart valves and circulation of blood
	Operation of the atrioventricular valves
	Operation of the semilunar valves
	Systemic and pulmonary circulations
	Coronary circulation

	20.3 Cardiac muscle tissue and the cardiac conduction system
	Histology of cardiac muscle tissue
	Autorhythmic fibres: the conduction system
	Action potential and contraction of contractile fibres
	ATP production in cardiac muscle
	Electrocardiogram
	Correlation of ECG waves with atrial and ventricular systole

	20.4 The cardiac cycle
	Pressure and volume changes during the cardiac cycle
	Heart sounds

	20.5 Cardiac output
	Regulation of stroke volume
	Regulation of heart rate

	20.6 Exercise and the heart
	20.7 Help for failing hearts
	20.8 Development of the heart
	Medical terminology
	Chapter review
	Critical thinking questions
	Answers to figure questions

	21 The cardiovascular system: blood vessels and haemodynamics
	21.1 Structure and function of blood vessels
	Basic structure of a blood vessel
	Arteries
	Anastomoses
	Arterioles
	Capillaries
	Venules
	Veins
	Blood distribution

	21.2 Capillary exchange
	Diffusion
	Transcytosis
	Bulk flow: filtration and reabsorption

	21.3 Haemodynamics: factors affecting blood flow
	Blood pressure
	Vascular resistance
	Venous return
	Velocity of blood flow

	21.4 Control of blood pressure and blood flow
	Role of the cardiovascular centre
	Neural regulation of blood pressure
	Hormonal regulation of blood pressure
	Autoregulation of blood flow

	21.5 Checking circulation
	Pulse
	Measuring blood pressure

	21.6 Shock and homeostasis
	Types of shock
	Homeostatic responses to shock
	Signs and symptoms of shock

	21.7 Circulatory routes
	The systemic circulation
	The hepatic portal circulation
	The pulmonary circulation
	The foetal circulation

	21.8 Development of blood vessels and blood
	21.9 Ageing and the cardiovascular system
	Medical terminology
	Chapter review
	Critical thinking questions
	Answers to figure questions

	22 The lymphatic system and immunity
	22.1 Lymphatic system structure and function
	Functions of the lymphatic system
	Lymphatic vessels and lymph circulation
	Lymphatic organs and tissues

	22.2 Development of lymphatic tissues
	22.3 Innate immunity
	First line of defence: skin and mucous membranes
	Second line of defence: internal defences

	22.4 Adaptive immunity
	Maturation of t cells and B cells
	Types of adaptive immunity
	Clonal selection: the principle
	Antigens and antigen receptors
	Major histocompatibility complex antigens
	Pathways of antigen processing
	Cytokines

	22.5 Cell-mediated immunity
	Activation of t cells
	Activation and clonal selection of helper t cells
	Activation and clonal selection of cytotoxic t cells
	Elimination of invaders
	Immunological surveillance

	22.6 Antibody-mediated immunity
	Activation and clonal selection of B cells
	Antibodies
	Immunological memory

	22.7 Self-recognition and self-tolerance
	22.8 Stress and immunity
	22.9 Ageing and the immune system
	Medical terminology
	Chapter review
	Critical thinking questions
	Answers to figure questions

	23 The respiratory system
	23.1 Respiratory system anatomy
	Nose
	Pharynx
	Larynx
	The structures of voice production
	Trachea
	Bronchi
	Lungs
	Patency of the respiratory system

	23.2 Pulmonary ventilation
	Pressure changes during pulmonary ventilation
	Other factors affecting pulmonary ventilation
	Breathing patterns and modified breathing movements

	23.3 Lung volumes and capacities
	23.4 Exchange of oxygen and carbon dioxide
	Gas laws: dalton’s law and Henry’s law
	External and internal respiration

	23.5 Transport of oxygen and carbon dioxide
	Oxygen transport
	Carbon dioxide transport
	Summary of gas exchange and transport in lungs and tissues

	23.6 Control of breathing
	Respiratory centre
	Regulation of the respiratory centre

	23.7 Exercise and the respiratory system
	23.8 Development of the respiratory system
	23.9 Ageing and the respiratory system
	Medical terminology
	Chapter review
	Critical thinking questions
	Answers to figure questions

	24 The digestive system
	24.1 Overview of the digestive system
	24.2 Layers of the GI tract
	Mucosa
	Submucosa
	Muscularis
	Serosa

	24.3 Neural innervation of the GI tract
	Enteric nervous system
	Autonomic nervous system
	Gastrointestinal reflex pathways

	24.4 Peritoneum
	24.5 Mouth
	Salivary glands
	Tongue
	Teeth
	Mechanical and chemical digestion in the mouth

	24.6 Pharynx
	24.7 Oesophagus
	Histology of the oesophagus
	Physiology of the oesophagus

	24.8 Deglutition
	24.9 Stomach
	Anatomy of the stomach
	Histology of the stomach
	Mechanical and chemical digestion in the stomach

	24.10 Pancreas
	Anatomy of the pancreas
	Histology of the pancreas
	Composition and functions of pancreatic juice

	24.11 Liver and gall bladder
	Anatomy of the liver and gall bladder
	Histology of the liver and gall bladder
	Blood supply of the liver
	Functions of the liver and gall bladder

	24.12 Small intestine
	Anatomy of the small intestine
	Histology of the small intestine
	Role of intestinal juice and brush-border enzymes
	Mechanical digestion in the small intestine
	Chemical digestion in the small intestine
	Absorption in the small intestine

	24.13 Large intestine
	Anatomy of the large intestine
	Histology of the large intestine
	Mechanical digestion in the large intestine
	Chemical digestion in the large intestine
	Absorption and faeces formation in the large intestine
	The defecation reflex

	24.14 Phases of digestion
	Cephalic phase
	Gastric phase
	Intestinal phase
	Other hormones of the digestive system

	24.15 Development of the digestive system
	24.16 Ageing and the digestive system
	Medical terminology
	Chapter review
	Critical thinking questions
	Answers to figure questions

	25 Metabolism and nutrition
	25.1 Metabolic reactions
	Coupling of catabolism and anabolism by ATP

	25.2 Energy transfer
	Oxidation–reduction reactions
	Mechanisms of ATP generation

	25.3 Carbohydrate metabolism
	The fate of glucose
	Glucose movement into cells
	Glucose catabolism
	Glucose anabolism

	25.4 Lipid metabolism
	Transport of lipids by lipoproteins
	Sources and significance of blood cholesterol
	The fate of lipids
	Triglyceride storage
	Lipid catabolism: lipolysis
	Lipid anabolism: lipogenesis

	25.5 Protein metabolism
	The fate of proteins
	Protein catabolism
	Protein anabolism

	25.6 Key molecules at metabolic crossroads
	The role of glucose 6-phosphate
	The role of pyruvic acid
	The role of acetyl coenzyme A

	25.7 Metabolic adaptations
	Metabolism during the absorptive state
	Metabolism during the postabsorptive state
	Metabolism during fasting and starvation

	25.8 Heat and energy balance
	Metabolic rate
	Body temperature homeostasis
	Energy homeostasis and regulation of food intake

	25.9 Nutrition
	Guidelines for healthy eating
	Minerals
	Vitamins

	Medical terminology
	Chapter review
	Critical thinking questions
	Answers to figure questions

	26 The urinary system
	26.1 Overview of kidney functions
	26.2 Anatomy and histology of the kidneys
	External anatomy of the kidneys
	Internal anatomy of the kidneys
	Blood and nerve supply of the kidneys
	The nephron

	26.3 Overview of renal physiology
	26.4 Glomerular filtration
	The filtration membrane
	Net filtration pressure
	Glomerular filtration rate

	26.5 Tubular reabsorption and tubular secretion
	Principles of tubular reabsorption and secretion
	Reabsorption and secretion in the proximal convoluted tubule
	Reabsorption in the nephron loop
	Reabsorption in the early distal convoluted tubule
	Reabsorption and secretion in the late distal convoluted tubule and collecting duct
	Homeostatic regulation of tubular reabsorption and tubular secretion

	26.6 Production of dilute and concentrated urine
	Formation of dilute urine
	Formation of concentrated urine

	26.7 Evaluation of kidney function
	Urinalysis
	Blood tests
	Renal plasma clearance

	26.8 Urine transportation, storage, and elimination
	Ureters
	Urinary bladder
	Urethra

	26.9 Waste management in other body systems
	26.10 Development of the urinary system
	26.11 Ageing and the urinary system
	Medical terminology
	Chapter review
	Critical thinking questions
	Answers to figure questions

	27 Fluid, electrolyte, and acid–base homeostasis
	27.1 Fluid compartments and fluid homeostasis
	Sources of body water gain and loss
	Regulation of body water gain
	Regulation of water and solute loss
	Movement of water between body fluid compartments

	27.2 Electrolytes in body fluids
	Concentrations of electrolytes in body fluids
	Sodium
	Chloride
	Potassium
	Bicarbonate
	Calcium
	Phosphate
	Magnesium

	27.3 Acid–base balance
	The actions of buffer systems
	Exhalation of carbon dioxide
	Kidney excretion of H+
	Acid–base imbalances

	27.4 Ageing and fluid, electrolyte, and acid–base homeostasis
	Chapter review
	Critical thinking questions
	Answers to figure questions

	28 The Reproductive Systems
	28.1 Male reproductive system
	Scrotum
	Testes
	Reproductive system ducts in males
	Accessory sex glands
	Semen
	Penis

	28.2 Female reproductive system
	Ovaries
	Uterine tubes
	Uterus
	Vagina
	Vulva
	Perineum
	Mammary glands

	28.3 The female reproductive cycle
	Hormonal regulation of the female reproductive cycle
	Phases of the female reproductive cycle

	28.4 Birth control methods and abortion
	Birth control methods
	Abortion

	28.5 Development of the reproductive systems
	28.6 Ageing and the reproductive systems
	Medical terminology
	Chapter review
	Critical thinking questions
	Answers to figure questions

	29 Development and inheritance
	29.1 Embryonic period
	First week of development
	Second week of development
	Third week of development
	Fourth week of development
	Fifth through eighth weeks of development

	29.2 Foetal period
	29.3 Teratogens
	Chemicals and drugs
	Cigarette smoking
	Irradiation

	29.4 Prenatal diagnostic tests
	Foetal ultrasonography
	Amniocentesis
	Chorionic villi sampling
	Noninvasive prenatal tests

	29.5 Maternal changes during pregnancy
	Hormones of pregnancy
	Changes during pregnancy

	29.6 Exercise and pregnancy
	29.7 Labour
	29.8 Adjustments of the infant at birth
	Respiratory adjustments
	Cardiovascular adjustments

	29.9 The physiology of lactation
	29.10 Inheritance
	Genotype and phenotype
	Variations on dominant–recessive inheritance
	Autosomes, sex chromosomes, and sex determination
	Sex-linked inheritance

	Medical terminology
	Chapter review
	Critical thinking questions
	Answers to figure questions

	Appendix A Measurements
	Appendix B Periodic Table
	Appendix C Normal Values for Selected Blood Tests
	Appendix D Normal Values for Selected Urine Tests
	Glossary
	Endnotes
	Credits
	Index
	EULA

