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1. Who was Galen?

2. How does an X-ray machine work?

3. What are some uses for ultrasound imaging?

4.  EEG and ECG are two tests 
that have some similarities. What are these 
similarities? What are the differences? Use 
examples from the book to support your answer.

5.  Cause and Effect How has the endoscope 
changed the way many medical procedures are 
done and the recovery time patients need 
following the procedure?

What did you learn?Extended Vocabulary

compound microscope
computed tomography   
 scanning
contrast medium
electron microscope
endoscope
magnetic resonance imaging
positron emission tomography
radionuclide scanning
ultrasound imaging

Vocabulary

alveoli
antibody
endocrine gland
enzyme
gland
hormone
impulse
neuron
pathogen
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As you know, cells are the building blocks of  your body. 
Groups of  the same cells make up tissues. Groups of  tissues 
make up organs. Groups of  organs make up organ systems. The 
major body systems are the circulatory, digestive, endocrine, 
excretory, immune, muscular, nervous, reproductive, respiratory, 
and skeletal systems. 

The nervous and endocrine systems control and 
communicate with all of  the other body systems. 
In the nervous system, nerve cells, called 
neurons, pass messages throughout the body. 
The messages that go to and from cells are 
called impulses. In this way the nervous 
system communicates with the cells, 
and vice versa.

The endocrine system is made up 
of  glands, or organs that make chemical 
substances. The endocrine gland 
releases these substances, called 
hormones, into the blood. 
Hormones control many 
body functions.

2

What You Already Know

The nervous system passes 
information throughout the body.
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Another system that contains glands is the digestive system. 
In the stomach, glands make substances called enzymes that break 
down proteins.

The respiratory system carries oxygen into the body and 
removes carbon dioxide. When you breathe in, air moves into 
your lungs. From there it goes into smaller and smaller tubes. At 
the end of  all these tubes are tiny sacs, called alveoli. The 
circulatory system works together with the respiratory system. 
Oxygen enters the blood stream and is carried to the cells. Carbon 
dioxide moves from the blood into the alveoli 
and is sent out of  the body. 

The immune system fi ghts 
disease. It is constantly 
fi ghting off  pathogens, 
organisms that cause 
disease. One way your body 
fi ghts pathogens is by 
producing a type of  white 
blood cell. These cells make 
antibodies, which are chemicals 
that kill specifi c pathogens. 

In this book, you will discover 
how doctors fi nd out what’s going 
on in the different body systems. 
You will fi nd out how doctors can see 
into the body and check on how things 
are working. 

3

This is an X-ray of a hand.
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Before Body Imaging
Why do people get sick? What is the cause of  a disease? 

Does diet play a part in health? People have had questions about 
health for thousands of  years. People come up with theories that 
they try to prove. Over time, as they fi nd out more about the 
human body, their theories change. 

People have tried since ancient times to understand and 
explain what happens inside the human body. Not being able to 
see inside, thinkers came up with theories that today seem funny. 
At the time, however, people took these theories very seriously. 

One such theory is that of  the “four humors.” Greek thinkers 
came up with this theory in 400 B.C. to explain health and 
personality. A bodily fl uid represented each humor. The four fl uids 
were phlegm, blood, yellow bile, and black bile. The four humors 
were also connected with seasons, personal traits, organs in the 

body, and elements in 
nature. 

For hundreds of  
years, people believed 
diseases were caused 
by imbalances in the 
humors. They thought 
that good health was the 
result of  the humors 
being in balance. 

The four humors—phlegmatic, 
sanguine, choleric, and 
melancholic—were thought 
to affect the body’s health. 

13981_05-28_FSD.indd   413981_05-28_FSD.indd   4 5/25/2005   2:36:08 PM5/25/2005   2:36:08 PM

5

The Greeks used this 
theory to devise medical 
techniques. One treatment was 
bloodletting, in which a person 
was cut in order to bleed. It 
was thought that this let out 
the harmful fl uids in the body.

An ancient Greek doctor 
named Galen wrote a book on 
the four humors called On the 
Temperaments. Galen is one of  
the most famous ancient 
doctors. He studied organs by 
dissecting animals, and wrote 
books that had a great impact on medicine for hundreds of  years. 

Much later, in the 1500s, a man who is known for his artistic 
brilliance, Leonardo da Vinci, studied the human body. Through 
studying people, da Vinci learned about the circulation of  blood 
and the workings of  the human eye. He recorded these studies in 
his notebooks. 

Today it’s hard to imagine that people believed that something 
like bloodletting would help a sick person. Someone living at the 
time of  Galen or da Vinci, though, would have had a hard time 
believing that a machine could see inside your body! Today we 
have a whole range of  machines that enable us to see into the body. 

Many drawings of human anatomy 
appear in the notebooks of Leonardo 
da Vinci, including this study of the 
workings of the eye. 
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Microscopes
Why do scientists use microscopes? To see tiny skin cells, 

minute antibodies, pathogens, and more. They use them to see 
things that are too small to be seen otherwise. 

One important purpose of  microscopes is their use by doctors 
to see human cells and tissues. Doctors take specimens from their 
patients. Then they look at the sample through a microscope. 
This way, they can see what is happening in the cells and tissues.

But how do microscopes help? Microscopes magnify images of  
tiny objects. There are different types of  microscopes. One type is a 
compound microscope. It has two lenses, an eyepiece lens and an 
objective lens. Each lens is at an end of  the top of  the microscope. 

You can view a specimen 
through the eyepiece of 
a microscope. 

objective lenses

specimen

mirror

focusing knob

eyepiece lens
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The First Microscopes 
In the 1600s, a Dutch 
scientist, Antonius van 
Leeuwenhoek, created a 
double-convex lens 
microscope that could 
magnify objects nearly 
three hundred times. 
Microscopes in most schools 
are based on this one made 
in Holland. Robert Hooke, 
an English scientist, also 
built a microscope in the 
1600s. He used it to study 
the structure of plant cells. 

You can observe magnifi ed 
sweat crystals through a 
microscope. 

Between the two lenses is the 
focusing knob. This knob 
adjusts distance between the 
two lenses so that the specimen 
is in focus. The specimen rests 
on a base through which light 
passes. This light is refl ected 
from the mirror below. When 
the two lenses are used together, 
a specimen can be magnifi ed up 
to two thousand times.

Hooke’s microscope
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As you know, compound 
microscopes use more than 
one lens to magnify. Some 
objects, however, are too small 
to be seen with a compound 
microscope. For these objects 
scientists use electron 
microscopes. Electron 
microscopes do not use light. 
They use beams of  electrons. 
They can create images of  
objects, such as viruses, which 
are too small to be seen by 
other microscopes.

One type of  electron 
microscope is the scanning electron microscope, 
or SEM. Using electrons, SEMs can magnify something 
up to two million times. 

A scientist observes a magnifi ed image 
of an object on a monitor created by 
using an SEM. 

Tiny surface projections on 
a tongue, called papillae, 
look like this when seen 
through an SEM.

Electron 
Microscopes
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Magnifi ed image of epithelia, microvilli, 
and bacteria as seen with a TEM. 

The object that is being magnifi ed fi rst needs to be treated 
specially to activate the electrons. The electrons are beamed 
through a column that focuses them on the object. The beam 
is passed over the object. As it moves, electrons are bounced off  
the object. The microscope records the movements of  the 
electrons, making a picture. This picture appears on a monitor 
that scientists view.

A second kind of  electron microscope is the transmission 
electron microscope, or TEM. A TEM directs a beam of  
electrons through an object. When the electrons reach the 
object, they are sent in various directions depending on what 
they hit. The electrons that pass through are recorded and 
projected on a screen or photographic plate. Scientists read these 
pictures. TEMs can magnify something up to one million times. 
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X rays
X rays are electromagnetic waves with high energy. In some 

ways they are like the light we can see. But X rays have a much 
shorter wavelength than the light we see and can pass through 
objects that light cannot.

X rays are produced when high-speed electrons hit an object. 
The energy that is not lost as heat makes X rays. 

People make X rays using a special tube. X rays are produced 
in a glass bulb with no gases or air inside, called an X-ray tube. 
It contains two electrodes, an anode, and a cathode. 

X rays are used in medicine because of  their ability to pass 
through some substances. When X rays pass through a person 
and hit a plate, they make a picture. The picture is called a 
radiograph. The darkness the X rays cause on the plate varies with 
different parts of  the body. Bones and other parts of  the body 
that X rays cannot penetrate easily appear white on the 
radiograph. 

The First X rays

Wilhelm Conrad Roentgen, a German physicist, discovered 
X rays by accident in 1895. He was working with an object 
called a Crookes tube, similar to the X-ray tube shown 
below. During his experiment, he noticed that the tube 
was producing invisible radiation. He won the Nobel Prize 
for his discovery. 

3. Electrons strike the anode, 
and X rays are given off.

2. No air or gases 
are inside the tube.

1. Electrons stream 
from the cathode.

13981_05-28_FSD.indd   1013981_05-28_FSD.indd   10 5/25/2005   2:38:27 PM5/25/2005   2:38:27 PM

11

An X-ray picture, or radiograph, shows 
a person’s lower spine and pelvis.

A man’s head is being 
X-rayed. 

Fat and muscle appear gray 
on the radiograph because X rays 
can pass through these parts more 
easily than through bones. The 
easier it is for X rays to penetrate 
a part, the darker that part appears 
on a radiograph.

In this way, X rays can be used 
to take pictures of  organs inside the body. Bones and soft tissues, 
such as muscles, show up in the picture. Doctors use these 
pictures to determine if  bones are broken or if  there are problems 
in the tissues. This is called diagnosing an illness or condition. 
Using X-ray images is called diagnostic radiology. 

When a person gets a radiograph, a beam of  X rays passes 
through a part of  the body. The X rays are then captured on fi lm. 
Doctors read the pictures to aid in their diagnosis. The doctor 
will often share the results of  the X-ray image with the patient. 
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Sometimes doctors need to see organs that cannot be revealed 
by X rays. In this case, doctors give people contrast medium, 
a liquid or other substance that will show up on the X-ray.

A person must drink or inhale contrast medium, or a doctor 
will inject it. As the contrast medium travels through an organ or 
system, an X-ray picture is taken. The contrast medium will be 
visible on the X-ray picture. It will show parts of  the person’s 
body otherwise not seen.

Contrast medium is used for X-raying parts of  the stomach 
and intestines, muscle joints, the spine, and blood vessels. Such 
X-rays are used to diagnose diseases of  the torso. Scans that focus 
on the heart are very important for early diagnosis and treatment 
of  people at risk for cardiovascular disease.

Contrast X-rays

Contrast medium is used so that doctors 
can take an X ray of the stomach. 
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Radiotherapy is also used to destroy cancerous tissues. 

This power of  X rays can be used to help people. This is called 
radiotherapy. Doctors can use X rays to destroy diseased cells such as 
cancerous tissues. In this type of  therapy, cancerous cells are given a 
dose of  radiation that kills them. 

Radiotherapy, used in the treatment and relief  of  diseases, 
makes use of  deep tissue-penetrating rays, which react physically and 
chemically with diseased cells to destroy them. But there are other 
forms of  radiotherapy, which use infrared and ultraviolet rays. 
These therapies use heat lamps to relieve pain and infl ammation 
of  the tissues, such as in the treatment of  neuritis and arthritis.

X rays, however, can have some negative effects. Powerful X rays 
can harm healthy living tissue. For example, they can badly burn skin 
that is exposed to them too long. Doctors who use X rays take 
certain precautions. X rays are aimed at a specifi c part of  the body. 
Other parts are covered with protective materials. X rays are taken in 
a special room that keeps all the harmful rays contained in one place.

Radiotherapy
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Ultrasound
Another diagnostic method for seeing inside the body is 

ultrasound imaging. In ultrasound imaging, high-frequency sound 
waves are directed into a part of  the body. The sound waves are 
so high that the human ear cannot hear them. 

The body tissues that come in contact with the ultrasound 
waves refl ect the sound. These refl ected sound waves are used to 
make either a static picture or a moving picture of  the tissues. 

Ultrasound is performed with a scanner. The part of  the 
scanner that comes in contact with the body is called the 
transducer. It sends the sound waves and receives the echoes back. 
The pictures made from the refl ected sound waves are projected 
onto a monitor. Still images can also be printed. 

The ultrasound scan will give 
an image of this man’s throat.
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Ultrasound can be used to view many different parts of  
the body, such as the heart, bladder, and brain. It cannot be used 
on bone or parts of  the body containing air, such as the lungs, 
because these tissues do not conduct the waves. 

One widespread use of  ultrasound imaging is for viewing 
a fetus during pregnancy. Ultrasound waves are not harmful as 
X rays are, so many pictures can be taken. Doctors use the 
ultrasound to check the health, size, and due date of  the baby. 
Sound waves used in ultrasound tests are safe because they do not 
damage living tissues. X rays and other radiations used in 
diagnostic therapy might cause bodily harm if  not used properly. 

An echocardiogram, a special sort of ultrasound 
of a heart, will help doctors fi nd out how well 
the heart is working.
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CT Scanning
CT stands for computed tomography. It is also known as 

computed axial tomography, or CAT scanning. CT scans use 
X rays and a computer to make three-dimensional, or 3-D, 
pictures of  the inside of  the body.

Sir Godfrey Newbold Hounsfi eld and Allan MacLeod 
Cormack developed the CT scan in the late 1960s and 1970s. 
The fi rst scanners were very slow, often taking several hours. 
Newer scanners work in just seconds.

In a CT scan, a person lies on a table that moves through 
the tunnel-like scanner machine. Inside the scanner, beams of  
X rays are sent through the patient. A detector picks up the 
X rays. As the person moves through the scanner, the beams 
and detector move all the way around the body. All the rays 
picked up by a detector are transformed into 3-D pictures by 
a computer. 

CT scans use X rays, but they provide more detailed 
pictures than basic X rays. X rays show bones and dense 
parts of  the body; CT scans can show 
small details and soft tissue 
in a cross section.

Beams of X rays will be 
directed at the patient inside 
the CT scanner. The X rays and 
detectors move around the 
patient. 
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Results of a colorized CT scan 
of a patient’s head

Another important difference between a basic X ray and 
a CT scan is the kind of  picture each produces. Basic X-ray 
images are 2-D, or fl at. CT scans make 3-D pictures of  parts 
of  the body. This provides doctors with more information 
to diagnose patients accurately.

As with X rays, contrast medium is used in CT scans. 
A patient may drink a contrast medium or a doctor may inject 
one. The contrast medium will make certain organs show up 
better on the scan.

Doctors use CT scanners to look at the brain after an 
accident or a stroke. Scanners are also used to see the abdomen, 
chest, spine, and pelvis. 
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MRI 
Magnetic resonance imaging, also known as MRI, is another 

method doctors use to see inside a patient’s body to diagnose 
illnesses and conditions. MRI makes thin section pictures of  any 
part of  the body from any direction. Doctors can use the images to 
carefully examine internal organs, such as the heart.

MRI uses the principles of  nuclear magnetic resonance to make 
pictures. MRI places the body in a magnetic fi eld 
and emits radio waves. It stops and then records the 
body’s electromagnetic transmissions. It uses this 
information to make an image or a map of  the body. 

It makes a picture in a similar way to the CT 
scan. MRI pictures are very detailed. They 
are often used for scans of  the brain and 
nervous system. 

An MRI helmet is used when a child’s 
brain needs to be scanned. 

This MRI scan gives a very detailed 
image or a colorful map of the body.
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PET
Another way of  getting 

pictures of  internal tissues 
is positron emission 
tomography, or PET. 
In PET a radioactive 
tracer is injected into 
a patient. A glucose 
compound is also 
injected at the same time. 

When the positrons 
from the radioactive 
tracer hit electrons in 
tissues, photons are 
produced. These photons can 
be recorded by a scanner. 
This information is used to 
create a picture of  the tissues. 
The PET can show different 
processes and reveal data 
about them, which can help the doctor diagnose disease. 

PET scans are often used for getting pictures of  the brain. 
They are useful for diagnosing brain tumors and strokes. 
They also can be used to detect cancer and heart disease. 
Different colors on the scan show different levels of  activity 
in an organ. Doctors use this information to tell 
what is happening in that organ. 

This PET scan shows brain activity: 
blue represents low, and yellow 
represents high. 
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Radionuclide Scanning
Radionuclide scanning is another form of  internal imaging. 

In this kind of  scan, a doctor can inject a small amount of  
radioactive material into a patient, or the patient can drink it. 

A scanner that makes use of  X rays reads the levels of  
radioactivity in organs. Different types of  tissue will look different 
on the scan. In this way doctors can fi nd any abnormal activity in 
the organs and can make sure that organs are acting the way they 
should be. 

Different types of  radionuclide scanning are used for different 
parts of  the body. This type of  scanning, shown below, is used on 
the stomach, liver, bladder, intestines, bones, and other parts. 
Radionuclide scanning can be used to detect liver cirrhosis, bone 
cancer, and many other conditions. 

In this radionuclide scan of hand bones, 
the bones are colored orange. 
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ECG and EEG 
An electrocardiogram, or ECG, 

records the electrical activity in the heart 
on a screen and on paper. For an ECG, 
electrodes are put on a person’s body. 
Then the person may need to walk or 
lie fl at while the electrodes take in 
information about an electrical current 
in the person’s body. This current 
refl ects the working of  the heart. In this 
way an ECG can help show activity that 
may lead to a heart attack.

Similarly, an EEG, or electroencephalogram, records electrical 
activity in the brain. Electrodes are put on a person’s head. An 
EEG records brain waves and is often used to diagnose a disease 
called epilepsy. EEG can also detect brain damage and can chart 
the different stages of  sleep.

The ECG monitor shows 
electrical activity in the heart. 

The different stages of sleep as detected on an EEG

falling asleep

deep sleep

dreaming (REM sleep)
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Endoscopes
Another tool scientists use to see inside 

the body is called an endoscope. It is a small 
tube with a light on the end that doctors can 
use to look inside different body cavities. 

An endoscope is a thin, fl exible tube 
with a lens and light on the end. The tube 
takes pictures inside the body. A doctor 
can look at these pictures as the endoscope 
is moved around. The doctor inserts the 
endoscope through an opening in the 
person’s body such as the mouth. 
Sometimes the endoscope is inserted 
through an incision in the skin. Usually 
patients are given a local anesthetic so 
that they don’t feel any pain from 
the procedure. 

Doctors also use endoscopes to 
perform surgery. Small surgical 
instruments can fi t through the endoscope 
tube. This enables doctors to see inside a 
patient’s body and perform delicate surgical 
procedures without making a large cut. 

The endoscope 
is a long, fl exible 
tube with a lens, 
light sources, 
and eyepiece. 

Light source 
attaches here.

eyepiece

endoscopic view 
of the vocal cords
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The First Endoscopes
In the early 1800s, doctors fi rst 
made attempts to look inside the 
body. Early endoscopes, like the one 
shown here, were rigid and used 
a candle for light. 

tip of endoscope, 
which goes inside 
body

early endoscope 
with candle

The doctors can make a small opening 
and insert the endoscope. While 
watching through the endoscope, they 
use tiny instruments to complete 
the surgery. Smaller incisions usually 

mean a shorter recovery time for 
the patient. 

Body imaging is a complex part of  
medicine. It offers doctors many ways to 

see details in the human body that were 
previously impossible to see. Body imaging 

allows doctors to diagnose and treat illness, 
disease, and damage more accurately, thus saving 

lives. X rays, ultrasound, CT, PET, radionuclide scanning, 
MRIs, ECG, EEG, and endoscopy all have different applications 
that help doctors diagnose different problems. And body imaging 
technology is always improving. In the future, doctors will be able 
to see even better into the human body. 
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Glossary
compound microscope  a microscope that has two lenses—

an eyepiece lens and an objective lens

CT scanning  computed tomography scanning; uses 
X rays and a computer to make 
3-D images of  internal organs

contrast medium  a liquid or other substance that will 
show up inside the body on an X ray 
or other type of  body imaging

electron microscope  a microscope that uses beams of  
electrons to create images of  objects 
too small to be seen by other 
microscopes

endoscope  a thin, fl exible tube with a light on 
the end that doctors use to look inside 
different body cavities

MRI  magnetic resonance imaging; a method 
that uses nuclear magnetic resonance 
to make pictures

PET  positron emission tomography; injects 
radioactive tracer into a patient to show 
processes in the body

radionuclide scanning  a method that uses radioactive material 
and X rays to fi nd abnormal activity in 
the body

ultrasound imaging  high-frequency sound waves are 
directed into a part of  the body, 
producing an echo that is then made 
into an image
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1. Who was Galen?

2. How does an X-ray machine work?

3. What are some uses for ultrasound imaging?

4.  EEG and ECG are two tests 
that have some similarities. What are these 
similarities? What are the differences? Use 
examples from the book to support your answer.

5.  Cause and Effect How has the endoscope 
changed the way many medical procedures are 
done and the recovery time patients need 
following the procedure?

What did you learn?Extended Vocabulary

compound microscope
computed tomography   
 scanning
contrast medium
electron microscope
endoscope
magnetic resonance imaging
positron emission tomography
radionuclide scanning
ultrasound imaging

Vocabulary

alveoli
antibody
endocrine gland
enzyme
gland
hormone
impulse
neuron
pathogen
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