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�� Abdomen

FIELDS OF STUDY
Gastroenterology; Gynecology; Internal Medicine; 
Nephrology; Urology

ABSTRACT 
The abdomen is the cavity in the central portion of 
the trunk of the human body. It contains the vital 
organs most closely associated with the digestive pro-
cess and the elimination of waste material. These 
include the bladder, gastrointestinal system, intes-
tines, kidneys, liver, reproductive system, stomach, 
urinary system, and the uterus.

KEY CONCEPTS 
• chyme: the semiliquid state of foods that have 

gone through the first stage of digestion in the 
stomach

• Kupffer cells: specialized cells in the liver 
that perform the function of removing bacte-
rial debris from the blood that has circulated 
throughout the body

• urea: the major waste product produced in the 
kidneys that, when gathered in sufficient quan-
tity and liquefied, flows into the bladder for 
elimination as urine

Structure and Functions
The abdomen is the portion of the body’s trunk that 
begins immediately below the diaphragm, which is 
the main respiratory muscle in the chest cavity, and 
extends to the lower pelvic region. The abdominal 
area is defined by a muscular wall made up of fatty 
tissue and skin, which determines the general shape of 
the body from the chest to the lower pelvis. The entire 
abdominal cavity is lined by a membrane called the 
peritoneum. This membrane encloses the essential 
organs of the abdomen: the stomach, small and large 

intestines, liver, gallbladder, bladder, pancreas, and 
kidneys. In females, the abdominal casing also contains 
the uterus, ovaries, and Fallopian tubes. At the front of 
the abdomen is the navel, essentially a scar that forms 
following the cutting of the umbilical cord after birth.

Any overview of the abdomen requires a com-
posite view of the functions performed by each of 
the organs contained in it. With the exception of 
the female reproductive organs, all the organs con-
tained in the abdominal cavity serve in one way or 
another in the process of food digestion, the transfer 
of diverse essential food byproducts to the rest of the 
body, and the disposal of waste products via the uri-
nary tract and the anal passage.

The esophagus is the tube through which all solid 
and liquid foods enter the stomach, which is the top-
most organ in the abdominal cavity. Because it is essen-
tially a bag, the stomach can assume different shapes 
and adjust in size to accommodate different volumes 
of food that reach it through the esophagus. In adult 
humans, the average capacity of the stomach is about 
34 ounces (one liter). The essential digestive function 
of the stomach is to convert foods from their original 
states to a general semiliquid state referred to as chyme.

This first stage of digestion is carried out by the 
chemical action of some 35,000 gastric glands that make 
up the inner folds of the inner layer of the stomach, the 
gastric mucosa. As the gastric glands actively secrete gas-
tric juice, the second layer of the stomach wall, which 
is muscle tissue, contracts and expands, providing the 
physical movement that is necessary for the gastric juice 
and food material to come into full contact.

Gastric juice actually begins to flow from the inner 
lining of the stomach even before food is present. 
This may occur when one smells food or even when 
one imagines the flavor of food. Among the compo-
nent parts of gastric juice are the enzymes pepsin 
and rennin, hydrochloric acid, and mucus, which 
protects the lining of the stomach from the effects of 
high acidity. Pepsin and rennin begin to break down 
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different types of proteins when an optimum acid 
environment (a pH between 1 and 3) exists.

Once the initial stage of digestion has occurred, 
food passes from the stomach into the upper portion 
of the small intestine, or duodenum, via the pyloric 
sphincter. This passageway will not allow food to 
enter the small intestine until it is suitably modified 
by the action of the stomach.

In the small and large intestines, partially broken-
down food is reduced further by the action of gastric 
juices that are either secreted into the intestines from 
other abdominal organs (the pancreas and liver, 
most notably) or secreted by the mucous membranes 
of the intestines themselves. It is in the small intes-
tine that most of the breaking down digestive work 
of gastric juices takes place. Food particles reach a 
certain level of decomposition so that they may be 
absorbed into the bloodstream through the mucous 
membranes of the intestine. The bulk of what is left is 
allowed to pass from the small intestine and through 
a gate-like passageway called the cecum and then to 
the large intestine or colon.

The function of the colon and the component 
juices that it contains is to separate out the three 
essential components that remain following the 
absorptive work of the small intestine: water, undi-
gested foodstuff, and bacteria. Most of the water 
passes back into the body through the walls of the 
colon, while undigested food and bacteria are pro-
pelled farther down the gastrointestinal tract for 
eventual elimination as feces.

The importance of other organs in the abdomen—
the liver, kidneys, pancreas, gallbladder, and 

bladder—is as complex as that of the 
intestines and in several cases goes 
beyond the basic function of diges-
tion. Closest to the stomach and the 
digestive process itself, perhaps, is 
the action of the pancreas. The pan-
creas is the glandular organ located 
directly beneath the stomach. It is 
connected to the duodenum (the 
first and shortest segment of the 
small intestine), to which it provides 
pancreatic juice containing three 
digestive enzymes: trypsin, amylase, 
and lipase. These agents join the 
secretions of the small intestine, as 
well as bile flowing from the liver, 
to complete the digestive process 

that breaks down proteins, carbohydrates, and fats. 
They can then be absorbed through the walls of the 
intestine for the general nourishment of the body. 
In addition to its role in the digestive process, the 
pancreas possesses endocrine cells, called the islets 
of Langerhans, that secrete two hormones, insulin 
and glucagon, directly into the bloodstream. These 
two hormones work together to influence the level of 
sugar in the blood. When the insulin secreting cells 
of the pancreas fail to function effectively, then dia-
betes mellitus may result.

Like the pancreas, the liver, which is the largest 
glandular organ of the body, shares in the diges-
tive process by producing bile, a fluid essential for 
the emulsification of fats passing through the small 
intestine. Bile salts, as they are called, are stored in 
the gallbladder until they are released into the small 
intestine. This contribution to the digestive process, 
however, represents only a minimal part of the liver’s 
functions, many of which have vital effects on body 
functions far beyond the abdominal cavity. Because 
blood filled with oxygen flows into the liver from the 
aorta through the hepatic artery, on one hand, and 
blood containing digested food enters the liver from 
the small intestine via the portal vein, on the other, the 
relationship between “harmonizing” liver functions 
and the content of the blood is absolutely critical.

The metabolic cells that make up liver tissue, 
known as hepatic cells, are highly specialized. 
According to their specialized function, the hepatic 
cells in the four unequal sized lobes of the liver may 
affect several factors: the amount of glycogen (con-
verted and stored glucose) that should be reconverted 
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to glucose and passed (for added energy) into the 
bloodstream; the conversion of excess carbohydrates 
and protein into fat; the counteraction of the harmful 
ammonia byproduct of protein breakdown by the 
production of urea; the production of several essen-
tial components of blood, including plasma proteins 
and blood clotting agents; the storing of key vitamins 
and minerals such as vitamins A, D, K, and B12; and 
the removal of bacteria and other debris that collect 
in the blood itself a function of the phagocytic, or 
Kupffer, cells in particular.

It is the next pair of vital abdominal organs, the kid-
neys, that separates many of the waste products asso-
ciated with the liver’s metabolic functions, including 
urea and mineral salts, out of the blood and removes 
them from the body in the form of urine. This separa-
tion is performed by millions of tiny filtering agents 
called nephrons. Blood penetrates the interior of the 
kidney by way of an incoming arteriole that branches 
off from the main renal artery. After the filtering pro-
cess has been completed, cleansed blood flows back 
into the main bloodstream via an outgoing arteriole 
and a system of blood vessels leading to the main 
renal vein. Waste materials remain, after filtering, in 
a tube-like extension of each nephron until they can 
be concentrated in the form of urine in a chamber 
in the middle of the kidney called the kidney pelvis. 
From this chamber, urine is propelled by muscular 
compression through the ureter tubes leading to the 
bladder, the last organ (in males) contained within the 
lower abdominal cavity. In addition to removing waste 
products from the blood, the kidneys can adjust the 
level in the blood of other substances such as sodium, 
potassium, and calcium that are needed by the body 
but that may exist in excess at certain times. Because 
the two kidneys perform exactly the same functions, 
it is possible to survive with only one healthy kidney.

Although obviously essential for temporary 
storage of urine and final elimination of liquid waste 
through the process of urination, the bladder is the 
least complicated organ in the abdominal cavity. The 
bladder is essentially a sac with a liquid capacity of 
about one pint. Its functions are governed by varied 
tension in and loosening of muscles in the walls of 
the sac and the external sphincter. When the pres-
sure of collected urine reaches a certain point, ner-
vous impulses cause the external sphincter to relax. 
Urine flow out of the bladder into the urethra tube 
can be controlled, up to a certain point, in humans 
and most mammals by conscious thought.

Disorders and Diseases
Given the concentration in the abdomen of vital reg-
ulatory organs, much medical research has focused 
on the pathology of this area of the body. Although 
there are a number of specific diseases that attack 
individual abdominal organs, the entire region is 
vulnerable to cancerous tumors. Medical science 
has tended to associate cancers in certain abdominal 
organs with dietary habits that are either of recent 
origin (consumption of highly processed foodstuffs 
in industrialized Western societies, for example) or 
geographically or ethnically distinctivethe East Asian, 
specifically Japanese, vulnerability to certain types 
of stomach cancer, for example. The latter vulner-
ability may, however, also be tied to dietary or other 
environmental considerations that vary in different 
populated areas of the globe.

Although cancers may strike any of the vital abdom-
inal organs, chances of successful surgical interven-
tion to remove tumors vary greatly according to the 
location of the cancer. Liver cancer, for example, is 
essentially untreatable through surgery, while the 
treatment of cancer of the colon has a significant suc-
cess rate. This variation is partially attributable to the 
fact that the vital processes performed by the intes-
tines may not be seriously threatened when a portion 
of the organ is removed in cancer surgery.

The most important specific diseases associated 
with the abdomen include peritonitis, hepatitis, 
and diabetes. Among these diseases, diabetes has 
received the most attention, both for its widespread 
impact on all sectors of the population and for the 
amount of research that has gone into the task of 
finding a cure. Diabetes occurs when the pancreas 
fails to produce enough insulin to metabolize the 
sugar substance glucose. A breakdown in this func-
tion impairs proper cell nourishment and results in 
excessive sugar in the blood and urine. This state, 
referred to as hyperglycemia, can affect a number of 
body functions outside the abdominal cavity, leading, 
for example, to atherosclerosis and vascular degen-
eration in general. Because many diabetes patients 
must inject insulin into their bodies to counteract a 
malfunctioning pancreas, an opposite, equally dan-
gerous side effect, hyperinsulinism, may also occur. 
The most serious degenerative effect that menaces 
patients suffering from diabetes, however, occurs 
when the chemical and hormonal imbalance origi-
nating in the pancreas brings negative reactions to 
the kidneys, causing the latter to fail. Medical science 
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has perfected various technical means for addressing 
this problem, most of which are connected with the 
mechanical process called dialysis.

Hepatitis is an inflammation that attacks the liver. 
The two common forms are hepatitis A (formerly 
called infectious hepatitis) and hepatitis B (for-
merly called serum hepatitis). Both are transmitted 
as a result of unsanitary conditions, the first in food 
and water supplies and the second when unsterile 
hypodermic needles or infected blood come into 
contact with the victim’s own bloodstream. Unlike 
most other diseases associated with the abdominal 
organs, hepatitis is extremely contagious. Hepatitis 
B can present dangers in using plasma supplied by 
donors, as there can be an incubation period from 
six weeks to six months before external signs of the 
disease occur.

Perhaps the most common abdominal disease, 
curable through the use of antibiotics if treated in 
time, is peritonitis. This is an acute inflammation of 
the peritoneum, the membrane that lines the entire 
abdominal cavity. It can occur as a result of direct 
bacterial invasion from outside the body or as a side 
effect of ruptures occurring in one of the organs con-
tained in the abdomen. Peritonitis typically develops 
as a result of complications from appendicitis, 
bleeding ulcers, or a ruptured gallbladder.

Perspective and Prospects
The history of medical analysis of disorders of the 
abdominal area goes back as far as written history 
itself, ranging from simple indigestion and painful 
(and possibly fatal) gallstones to very serious and 
only recently understood diseases such as diabetes.

Perhaps the most noteworthy advancement in 
medical knowledge affecting the organs of the 
abdominal region has been the development of 
more sophisticated means to counteract the effects 
of kidney disorders. While there were some striking 
advances (but not full levels of success) in organ trans-
plant surgery beginning in the 1970s, a technique 
called dialysis made remarkable strides. First used 
shortly after World War II as an effective but costly 
and physically limiting treatment, dialysis involves 
the use of a machine that receives blood pumped 
directly from the patient’s heart and processes this 
blood in place of the kidney. This involves filtering 
out excretory products, adding essential compo-
nents that “refresh” blood needs (such as heparin to 

combat clotting as well as proper amounts of saline 
fluid), and then returning the blood to resume its 
vital function within the circulatory system.

Although the essential principles of dialysis did 
not change drastically in the last quarter of the twen-
tieth century, levels of efficiency in a process that had 
to be repeated over a ten-hour period several times a 
week definitely did. Development of much smaller, 
portable dialysis devices made it possible for patients 
to follow their doctors’ instructions in carrying out 
their own treatment between hospital or office visits, 
thus lessening the chances of very dangerous crises at 
the outset of kidney failure.

The most notable hope for patients afflicted 
with kidney disorders is successful transplant from 
a healthy or recently deceased donor. By the early 
twenty-first century, transplants had also become 
foreseeable for those suffering from diseases that 
strike other organs in the abdominal cavity, especially 
the liver. Thus, healthy organ transplant technology 
can be said to represent one of the most important 
domains of future research, involving specialists of all 
the subsections of medicine relating to the abdom-
inal cavity.
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�� Abortion

FIELDS OF STUDY
Gynecology; Internal Medicine; Obstetrics

ABSTRACT 
Abortion is the induced termination of pregnancy, 
which usually is legal only before the fetus is viable. 
Abortion can occur naturally, but the artificial induc-
tion of abortion is an ethically contentious issue based 
in the conflict between a woman’s right to choose her 
reproductive processes and the rights of the unborn 
child to have the opportunity to grow and develop 
into an adult. A number of medical procedures are 
used for abortion, ranging from drug-induced early 
stage abortion, to the forcible dismemberment of the 
developed fetus in utero and its removal.

KEY CONCEPTS 
• dilation: making something wider or larger
• embryo: the unborn young from conception to 

about eight weeks
• fetus: the unborn young from about eight 

weeks to birth
• quickening: the point at which a fetus first 

begins to move in the uterus
• uterus: a hollow, muscular organ located in the 

pelvic cavity of females, in which a fertilized egg 
develops

• viability: the point at which a fetus is able to sur-
vive outside the uterus

The Controversy Surrounding Abortion
Induced abortion is the deliberate ending of a preg-
nancy before the fetus is viable or capable of sur-
viving outside a female’s body. Abortion has been 
practiced in every culture since the beginning of 
civilization. It has also been controversial. The first 
law designating it as a crime dates to ancient Assyria, 
where, in the fourteenth century BCE, women who 
were convicted of abortion were impaled on a stake 
and left to die. Early Hebrew law also condemned 
abortion, except when necessary to save the woman’s 
life. The Greeks allowed abortion, but the famous 
physician Hippocrates (ca. 460 BCE–ca. 370 BCE) 
denounced the procedure and said that it violated 
a doctor’s responsibility to heal. Roman law said that 
a fetus was part of a woman and that abortion was 

her decision, although a husband could divorce his 
wife if she had an abortion without his consent. Most 
abortions in ancient times seemed to be related to 
unwanted pregnancies.

The Christian church determined abortion to be 
a sin in the first century. In the fifth century, how-
ever, Saint Augustine argued that the fetus did not 
have a soul before “quickening,” that point during 
a pregnancy, usually between the fourth and sixth 
months, at which the woman first senses movement 
in her womb. Until 1869, abortion until quickening 
was legal in most of Europe. In that year, however, 
Roman Catholic pope Pius IX declared abortion 
at any point to be murder. This position has been 
upheld by all subsequent popes.

In Protestant countries, the principle of legality 
until quickening held true until around 1860. In 
that year, the British Parliament declared abortion 
a felony; that law remained on the books for more 
than 100 years. In 1968, the Abortion Act passed 
by  Parliament radically reduced the restrictions, 
allowing abortions in cases in which doctors deter-
mined that the pregnancy threatened the physical or 
mental health of the woman.

In the United States, abortion before quickening 
was legal until the 1840s. By 1841, ten states had 
declared abortion to be a criminal act, but punish-
ments were weak and the laws frequently ignored. 
The movement against abortion was led by the 
 American Medical Association (AMA), founded 
in 1847. In 1859, the AMA passed a resolution con-
demning abortion as a criminal act. Within a few 
years, every state declared abortion a felony. Not until 
1950 did the AMA reverse its position, when it began 
a new campaign to liberalize abortion laws. Many doc-
tors were concerned about the thousands of women 
suffering from complications and even death from 
illegal abortions. Consequently, seventeen states, 
including California, passed laws providing for legal 
abortions under certain conditions. The remaining 
states, however, continued to prohibit abortions. In 
1973, the US Supreme Court ruled in Roe v. Wade 
that abortions in all states were generally legal. This 
ruling made abortions in the United States available 
on the request of the pregnant woman.

About 25 percent of the world’s population live 
in countries that have very restrictive abortion laws. 
Most other nations authorize abortions under var-
ious conditions. The World Health Organization 
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�� Imaging and Radiology

FIELDS OF STUDY
Nuclear Medicine; Radiology

ABSTRACT
Medical imaging uses radiation that passes through 
the body to construct images of its insides. This 
includes X-rays, magnetism, positrons, gamma rays, 
infrared light, ultraviolet light, and ultrasonic waves.

KEY CONCEPTS
• computed tomography (CT): a scanning proce-

dure using X-rays
• fluoroscope: a machine that uses a fluorescent 

screen instead of photographic film to display 
X-ray images

• magnetic resonance imaging (MRI): an imaging 
method using radio waves and magnetism

• positron emission tomography (PET): a scan-
ning procedure using gamma rays from injected 
radioactive pharmaceuticals

• single photon emission computed tomography 
(SPECT): a scanning procedure using gamma 
rays from injected radioactive pharmaceuticals

• tomography: a method to produce a three-
dimensional image of the internal structure of 
the body by observing and recording radiation 
transmitted, reflected, or emitted by structures 
inside the body; observations are made of sec-
tions, or slices, of the body that are assembled to 
form the final image

• ultrasound: an imaging method using high-fre-
quency sound

Indications and Procedures
Before the advent of radiology, physicians were 
forced to rely on visual clues, palpation (examina-
tion by touch), and exploratory surgery to discover 

what lay beneath a patient’s skin. X-rays provided the 
first path around this limitation and allowed physi-
cians to peer beneath the skin without surgery. X-rays 
are electromagnetic radiation similar to visible light, 
but they have much shorter wavelengths and higher 
energies than visible light, which makes them more 
penetrating.

Circumstances under which a doctor needs to see 
inside the body and might use X-rays to do so include 
those in which a patient has fallen and experiences 
localized pain and swelling in the leg (possible broken 
bone); a patient with severe pain in the lower back 
passes blood in the urine (possible kidney stone); a 
patient experiences intermittent and squeezing chest 
pain, nausea, and shortness of breath (possible con-
stricted arteries in the heart); and a patient has a his-
tory of localized stomach pain and heartburn, also 
called acid reflux (possible inflamed esophagus, hiatal 
hernia, or ulcer). All medical imaging devices require 
a source of radiation, a detector, and a way to position 
the patient. For X-rays, the patient stands in front of a 
film holder or charge-coupled device (CCD) receiver, 
or lies on a table over a film holder or CCD receiver 
while X-rays from an X-ray tube pass through the 
patient and cast the patient’s X-ray shadow onto the 
film. The film must be as large as the body part being 
examined. Dense constituents such as bones show up 
as white on X-ray negatives, while various other body 
tissues show up as shades of gray depending upon the 
fraction of the X-rays that they block.

X-ray film has been developed to have excellent 
resolution and contrast, and an X-ray is a permanent, 
though easily destroyed, record. Since the develop-
ment of the CCD, X-ray images are now generally 
obtained as digital images in essentially the same 
manner that a digital camera acquires an image. The 
digital format allows for easy enlargement and the 
electronic transfer of X-ray images, functions that 
are not possible with film-based “hard copy” X-ray 
images.
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It is not easy to take several X-rays in quick suc-
cession, however, as might be done to examine the 
upper gastrointestinal tract. An alternative is to use 
fluoroscopy, in which a screen coated with special 
compounds is used in the place of film. These com-
pounds fluoresce when struck by X-rays. Advantages 
are that the image is immediate (no film to develop) 
and moving images can be viewed. The image can be 
made brighter by an image intensifier—a television 
camera-like device that amplifies the image—and 
a permanent record can be made by capturing this 
final image either digitally or on film.

An ultrasound unit adapts sonar to medical pur-
poses. The unit consists of a probe; electronics to 
generate, receive, and analyze signals; and a mon-
itor to display the results. Such a device is relatively 
inexpensive compared with other types of scanners, 
and at the intensities used, ultrasound waves do not 
harm the body. The ultrasound probe contains a 
transducer, a crystal that can change electrical sig-
nals into sound waves and can also act as a receiver 
changing sound waves into electrical signals. During 
the examination, a gel is spread over the patient’s 
skin in the area of interest. The gel provides good 
acoustic coupling between the probe and the 
patient’s body tissue. To create an image of struc-
tures as small as 0.04 inch (1 millimeter), ultrasound 
frequencies between 3 and 7 megahertz are used. 
The crystal inside the probe emits sound waves while 

rapidly rocking back and forth, producing a wedge 
of sound pulses. The crystal then becomes a receiver 
and picks up sound echoes that form as the sound 
passes from one type of tissue into another. Distance 
can be determined from the time elapsed between 
sending a pulse and receiving the echo. Combining 
this distance information with the direction and 
intensity of the echo allows a computer to build an 
image of the structures inside the body.

This image is displayed on a monitor screen 
and can also be printed for a permanent record. 
The probe is moved around to provide the least 
obstructed view of the target. Since ultrasound waves 
pass easily through soft tissues such as the liver and 
fluid-filled organs such as the gallbladder or the 
uterus during pregnancy, ultrasound is particularly 
useful to examine these organs. Ultrasound does 
not penetrate bone or gas, and the latter property 
makes it difficult to examine the digestive tract with 
ultrasound.

Like ultrasound, magnetic resonance imaging 
(MRI), uses no potentially harmful radiation, but it 
is the most expensive of the imaging techniques. MRI 
uses a very large, superconducting magnet. Once 
the magnetic field is established, superconducting 
magnets require very little electrical power. To be 
superconducting, the magnet is wound with niobium-
titanium wire and maintained at liquid helium tem-
perature (about five kelvins above absolute zero). 
The magnet itself is in the form of a very large, hollow 
cylinder into which the patient can be inserted. The 
magnetic field inside the cylinder is uniform and very 
strong, typically 0.5 to 2.0 tesla; for comparison, the 
strength of the earth’s magnetic field is only about 
0.00005 tesla near the surface. There are also three 
sets of much smaller (0.0018 to 0.0027 of a tesla) “gra-
dient” magnets, which are used to tweak the magnetic 
field at pinpoint locations during the scan. Hydrogen 
atoms are among the most abundant atoms in soft 
tissue. In a strong magnetic field, the spin axis of 
hydrogen nuclei (protons) precesses about magnetic 
field lines. The exact frequency with which it pro-
cesses depends on the proton’s surroundings, or the 
type of tissue in which it is found.

The patient rests on a table that moves into the 
tunnel formed by the magnet. The magnetic field 
causes no noticeable sensation, but claustrophobic 
patients may become anxious. To combat this effect, 
newer machines have wider tunnels or have one 
side open. An insulated wire coil may be placed on 

An MRI (magnetic resonance imaging) machine (photo 
courtesy of Jan Ainali)
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the patient over the area to be examined, or coils 
mounted on the magnet may be used. A brief pulse 
of radio frequency waves is broadcast from the coil 
at the same time that the gradient magnets adjust 
the magnetic field to the right value in a narrow slice 
of the patient. If the radiofrequency is at the pre-
cession frequency, then those protons with which 
it resonates will absorb energy. After the radiofre-
quency pulse, the protons produce an echo that radi-
ates energy back to the coil. Analysis of this energy 
allows the identification of the type of tissue, which, 
along with location information from the gradient 
magnets, allows a computer to construct an image 
of the internal tissues of the patient. The image can 
be either two-dimensional or three-dimensional, as 
needed. Two-dimensional slices can be vertical, hori-
zontal, or in any plane desired.

A scan of the brain and spinal column can detect 
areas of damage to the myelin (insulating sheath) 
surrounding nerve fibers that is the hallmark of 
multiple sclerosis. MRI scans are also used in diag-
nosing tumors, infections of the brain, strokes, 
torn ligaments, and many other conditions. As with 
X-rays, contrast agents may be injected into the 
patient to make certain tissues or systems stand out. 
For example, the blood vessels in the heart may be 
examined in this fashion. Depending upon the size 
of the region to be scanned, the procedure takes 
from twenty to ninety minutes, and the patient must 
remain as still as possible during this time. Currents 
in the gradient magnets produce loud thumping 
sounds. These may be masked by providing the 
patient with music through earphones during the 
examination. Physicians now depend heavily on MRI 
investigations, and the 2003 Nobel Prize in Medi-
cine or Physiology was awarded to Paul C. Lauterbur 
and Sir Peter Mansfield for their work leading to the 
development of the MRI technique.

A nuclear medicine scan, also called nuclear radi-
ology or isotope study, uses radioactive pharmaceu-
ticals that have been injected into or ingested by the 
patient. The radiation dose to the patient is strictly 
controlled and is the least possible for the procedure 
to be effective. The radioactive isotopes used emit 
gamma rays—essentially high-energy X-rays—which 
easily pass through the body and are observed by an 
array of gamma detectors. The patient lies on a table 
while the detector array is positioned near the target 
organ. In some applications, the array slowly scans 
a region. A computer receives information on the 

location and intensity of the detected gamma rays 
and constructs an image from this information. The 
image is fuzzy and lacks the fine detail that can be 
seen with X-rays or ultrasound, but it shows directly 
how well the target organ functions.

To be useful for this purpose, radioactive isotopes 
must emit penetrating gamma rays, have a short half-
life, and either be taken up by the target organ or be 
capable of being attached to a molecule that is taken 
up by the target organ. A short half-life is desirable 
to ensure that the isotope will cease to be radioactive 
not too long after it has served its purpose. Techne-
tium-99m is frequently used because it is taken up by 
the thyroid and salivary glands (if those are the tar-
gets), it can be used to tag other biologically active 
molecules, and its half-life is only 6.01 hours.

For a thyroid study, the patient may be given a 
drink or a pill containing iodine-123 (13.1-hour 
half-life). About twenty-four hours later, the gamma 
emission from the thyroid gland is measured. This 
procedure shows how well the thyroid works in gen-
eral. The patient may then be injected with techne-
tium-99m and several scans made over the next hour. 
This provides another measure of the thyroid’s func-
tioning. It also allows a measure of the thyroid’s size 
and shape. Any area of inactivity suggests a blockage 
or damage, while an unusual area of activity sug-
gests an abnormally high tissue growth rate such as a 
tumor. In general, a region of rapidly growing tissue 
shows up as a hot spot on a nuclear medicine scan, 
which makes it possible to see a healing bone frac-
ture that an X-ray might miss.

A positron emission tomography (PET) scan is a 
special type of nuclear medicine scan that capitalizes 
on a property of the gamma rays emitted during posi-
tron annihilation. Positrons are positively charged 
and are the electron’s antiparticle. Since they are 
oppositely charged, positrons and electrons are 
strongly attracted to each other, and as soon as they 
touch, they mutually annihilate, converting their 
energy into two gamma rays emitted at precisely 180 
degrees to each other.

A gantry houses a large ring of gamma ray detec-
tors arranged like a doughnut on its side. The patient 
rests on a movable table that carries the patient into, 
and perhaps through, the detector ring. Depending 
upon the purpose of the examination, one of sev-
eral radioactive pharmaceuticals is administered. 
For example, fluorine-18 (half-life 109.8 minutes) is 
attached to glucose molecules and used to monitor 
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the brain’s metabolism. Since active areas of the 
brain draw the most glucose, a PET scan can watch 
the brain at work. When a fluorine nucleus emits a 
positron, the positron encounters an electron almost 
at once and is annihilated. The gamma ray detectors 
continually register hits from natural background 
radiation, but if two detectors located 180 degrees 
around the ring from each other record gamma rays 
of the right energy (0.511 million electron volts) and 
within a few nanoseconds of each other, it is virtually 
certain that they originated from a positron annihila-
tion in the patient. A computer then draws a straight 
line between the two detectors and through the 
patient. Where two or more lines intersect is the loca-
tion of the activity.

A single photon emission computed tomography 
(SPECT) scan is similar to a PET scan, but it detects 
only one photon at a time instead of a pair. To define 
the direction of a gamma ray photon, a collimator is 
placed in front of the detector array. The collimator 
is a slab of 2-inch (5-centimeter) long lead straws 
pointing at the patient so that a gamma ray can reach 
the detector only by traveling up a straw. This colli-
mator and detector array is called an Auger camera. 
A ring of cameras around the patient allows a com-
puter to construct a three-dimensional image of the 
target organ. SPECT combines the organ function 
information of nuclear medicine with some of the 
resolution of a computed tomography (CT) scan.

The CT apparatus consists of a movable table on 
which the patient rests and a gantry that houses the 
X-ray equipment. A doughnut hole in the gantry 
is large enough for the patient and table to pass 
through. An X-ray tube is mounted in the doughnut, 
and an array of X-ray detectors are mounted in the 
doughnut directly opposite from the X-ray source. As 
the doughnut rotates all the way around, the X-ray 
beam is sent through a narrow “slice” of the patient. 
Instead of the normal X-ray silhouette of the patient 
as illuminated from one direction, silhouettes from 
all directions are obtained, but only as numbers, not 
yet as images.

The information available consists of where the 
detector was when it picked up the signal and how 
strong the signal was. As the scan continues, a com-
puter uses this information to construct an image of 
that slice of the patient. While the doughnut carries 
the X-ray tube and detectors around and around the 
patient, the table advances slowly and continuously 
until the whole body (or the desired segment) has 

been scanned. Blood clots and ruptured vessels in 
the brain are easily detected, as well as tumors in soft 
tissues such as the liver.

Uses and Complications
Bones, bone breaks, and some tumors show up well 
on an X-ray, but soft tissue images may require addi-
tional techniques. For examination of the upper 
gastrointestinal tract, the patient is given a barium 
solution to drink while standing in front of the X-ray 
detector. Barium blocks X-rays and coats the esoph-
agus and stomach lining, thereby outlining them in 
detail on the X-ray. In the “barium swallow,” a quick 
series of X-rays is taken to follow the progress of 
the barium into the stomach. Constrictions in the 
esophagus, the action of the stomach valve, and the 
presence of a hiatal hernia (the upper part of the 
stomach bulging through a weakened diaphragm) 
become visible. As the barium proceeds, a stomach 
ulcer may stand out in outline.

To check for kidney stones and to examine the 
kidneys, ureters, and urinary bladder, an intrave-
nous pyelogram (IVP) is performed. First, a contrast 
solution (based on iodine, which blocks X-rays) is 
injected into the patient’s vein. The patient may feel 
a brief warm flush as the body reacts to the iodine, 
but this reaction passes quickly. The solution used 
soon passes through the patient’s system: through 
the kidneys, through the ureters, and to the bladder. 
A series of X-rays is then taken in which kidney stones 
may be revealed; any swelling of a kidney or blockage 
of a ureter will show up, if present.

The angiogram, a similar but more extensive pro-
cedure, is used to examine the blood vessels of the 
heart or other location. In this procedure, a catheter 
(fine plastic tube) is inserted into the femoral artery 
at the groin or into a blood vessel in the upper arm. 
The patient is given medication for pain and anxiety. 
Using a fluoroscope monitor, the physician maneu-
vers the catheter to the desired location and then 
injects the contrast solution through the catheter. 
Several X-rays are taken from various angles, and any 
blockages or constrictions are generally apparent. 
The catheter is then withdrawn, and the patient is 
required to rest.

CT scanning represents a major step forward in 
X-ray technology. A patient might suffer a sudden 
loss of muscle control and feeling in part of the body 
(possible stroke). The doctor would like to X-ray the 
brain for signs of a ruptured or blocked blood vessel, 



Principles of AnatomyImaging and Radiology

290

but contrast agents are not useful for the brain. 
Without them, internal organs and tissues appear 
only as faint ghosts in an X-ray. A CT scan uses com-
puter technology to convert special X-ray images into 
clear views of the organs.

While prudence dictates that radiation exposure 
be kept to a minimum, the medical benefits of pro-
cedures using radiation generally outweigh the risks. 
Provided that a radiation dose is not overwhelmingly 
massive, the body has amazing recuperative prop-
erties and is able to repair most radiation damage. 
Everyone is exposed daily to background radiation 
from naturally occurring trace amounts of radioac-
tive elements and from cosmic rays. None of the typ-
ical imaging procedures generates radiation above 
allowable limits, but it should be noted that a med-
ical procedure may expose the target organ to many 
times the average body dose.

A typical X-ray image shows different types of 
tissue as various shades of gray. Advances in medical 
imaging include digitizing any image and using 
powerful computer programs to enhance the subtle 
differences between different types of tissue, even 
coloring them so that they are immediately obvious 
to the physician. Three-dimensional images can be 
constructed and rotated so that they can be exam-
ined from every angle. A physician can see exactly 
what problems will be encountered in removing a 
tumor. Computers can scan X-rays used to screen for 
breast cancer, called mammograms, and draw the 
radiologist’s attention to any questionable regions. 
Finally, computers can merge images from comple-
mentary techniques such as PET (shows function-
ality of the organ) with MRI (shows high-resolution 
detail) to give a more complete view.

Perspective and Prospects
On November 8, 1895, Wilhelm Conrad Röntgen 
(1845–1923) made an astounding and disquieting 
discovery. Many scientists of the day, including 
Röntgen, were studying cathode rays. The required 
apparatus was an evacuated glass tube with electrodes 
sealed inside at either end. When a high voltage was 
placed across the electrodes, cathode rays (elec-
trons) streamed from the cathode, and where they 
struck the glass tube, the glass fluoresced.

Röntgen covered the tube with black paper and 
darkened the room, but still a fluorescent screen 
some distance away from the tube glowed whenever 
he operated the tube. Since cathode rays cannot 

travel far through air, Röntgen deduced that some 
unknown type of radiation must be coming from 
the tube. He called it X radiation (X for unknown). 
Placing bits of wood or metal between the tube and 
the screen cast shadows on the screen, some darker 
and some lighter. The key moment came when 
Röntgen held up a small lead disk. The expected 
shadow of the lead appeared, but holding the disk, 
Röntgen saw the shadows of his finger bones. He 
opened his hand, and the shadowy skeleton hand 
opened. Röntgen wondered if he could be hallu-
cinating. In those days, some people believed that 
dreaming about or imagining seeing a skeleton was 
a premonition of one’s impending death. Röntgen 
was concerned that others might think him insane if 
he were to describe what he had seen, so he needed 
proof.

In the ensuing weeks, Röntgen made an intense 
study of the properties of X-rays. Three days before 
Christmas, he placed photographic film in a black 
paper package and had his wife, Bertha, place her 
hand on it while he exposed it with X-rays for fif-
teen minutes. The photograph showed the bones 
of Bertha Röntgen’s hand, with a ring on her finger. 
Röntgen sent a copy of the photograph along with 
an explanation to a friend, but it soon found its way 
into newspapers all over the world. Only four months 
after the public announcement, Thomas Edison’s 
company began marketing “complete outfits for 
X-ray work.” While some considered looking at skel-
etons while people were still using them revoltingly 
indecent, the medical usefulness of X-rays was imme-
diately apparent. The first Nobel Prize in Physics ever 
awarded went to Röntgen in 1901 for his discovery 
of X-rays.

In spite of the obvious medical advantages, rela-
tively few doctors used X-rays at first, but the public 
found them a source of entertainment. Edison built 
a fluoroscope for use at amusement parks. Looking 
through a hooded visor, spectators placed their 
hands between an X-ray tube and a fluorescent 
screen and watched their bones wiggle as they moved 
their hands. Casual exposure to X-rays continued 
into the 1950s with the use of fluoroscopes by shoe 
stores to see how well shoes fit.

The widespread use of medical X-rays was ham-
pered by the lack of trained operators and proper 
equipment. This situation changed with World War 
I, when X-ray teams were trained and equipped 
by the hundreds. Marie Curie was a prime force 




