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Anatomic Imaging: Why now?
1. To enhance your understanding of
human anatomy
2. To introduce you to clinical radiology

Radiology is… The branch of the health sciences dealing with radioactive
substances and radiant energy and with the diagnosis and treatment of
disease by means of both ionizing and nonionizing radiation.
Dorland's Medical Dictionary for Health Consumers.
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Intro to Anatomic Imaging

Objective:

Given commonly seen medical images
Identify this
a.
b.
c.
d.

Type of energy used
Orientation of the subject
Characteristics effecting appearance
Major structures in common images

In these modalities
1.
2.
3.
4.
5/28/22

Conventional Radiography (Plain film, x-ray)
Computed Tomography (CT, “cat scan”)
Magnetic Resonance Imaging (MRI)
Ultrasonography (US, Sonography)
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Radiographs
a.k.a. X-ray or Plain Film
A beam of ionizing radiation is sent
from the x-ray tube, through the
subject towards the film or digital
cassette.

Each photon reaching the film
darkens the spot it hits.
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Radiographs
The resulting image is a 2D representation of a 3D subject.
What determines how many
and which photons reach
the film?
Air is Radiolucent (black)
Metal is Radio-opaque (white)
Everything else is shades of gray

What do you see?
What can you tell about the
relative positions of the
objects? Why?
5/28/22
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X-Rays & Density
•

Higher density matter
absorbs more of the x-ray
beam (more atoms stop
more photons) so less of the
beam passes through to hit
the film. These structures
appear white or light gray.
matter
absorbs less of the x-ray
beam (more space between
atoms for photons) and
most of the beam strikes the
film. These structures
appear black or dark gray.
But there’s more to it than just
density…
5/28/22

Can you explain what has happened here?
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Radiographs
What we are able to see in an image depends on;
1. Intensity of the x-ray beam.
2. Total mass the beam has penetrated.
3. Relative densities of adjacent structures.
4. Relative positions of tube, patient and film.

Greatest detail is seen at interfaces of
differing densities.
5/28/22

Details are obscured where they overlap
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Radiograph Rules of Orientation
A PA view is when the x-ray beam
comes from behind the patient and
passes from Posterior to Anterior to
hit the film in front of the patient.

A Lateral view is when the
x-ray beam passes through the
patient from one side to the
other.
Which is his left arm?
Which is his right leg?
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Radiograph Rules of Orientation
A PA view is when the x-ray beam
comes from behind the patient and
passes from Posterior to Anterior to
hit the film in front of the patient.

A Lateral view is when the
x-ray beam passes through the
patient from one side to the
other.
Which is his left arm?
Which is his right leg?
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Computed Tomography (CT)
•
•
•

Tomography is from the Greek “tome”, for slice.
Gantry holds x-ray tubes and multiple detectors which rotate around
the patient.
The result is a series of 2-D slice-like digital images.

Voxel = a
3-dimen
sional
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pixel.
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Computed Tomography (CT)
Orientation: Imagine the patient lying supine, and you
are standing at the foot of the bed.
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Its All Relative
Can you identify these objects?

Because we’re still using x-rays, the gray-scale is still based
on density, as in plain films, but with greater resolution.
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Its All Relative
Can you identify these objects?

How about now?
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Its All Relative
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CT Scrolling & Following
You are standing at the foot of the bed,
looking at the patient lying supine.

Hover here to play video

• video

• Describe what you see
• ID parts of each object
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Computed Tomography (CT)
Because it is digital, the
data can be reformatted in
multiple planes.
One set of data was used
to make these 3 images:
In what plane is each
of these images?
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Windows &
Contrast Media
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CT “Windows”
These two chest CT images are from the same set of data at the
same level, displayed “windowed” in different ways to highlight
certain structures.
Lung windows
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Soft tissue windows

Identify anterior, posterior, left and right.
Can you name any of the bony structures?
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Radiographs with Contrast Media
Contrast Agent = A highly dense (radiopaque) liquid or
suspension which is used to delineate structures by
filling cavities or enhancing vascular tissue in an image.
PO*
contrast

IV
contrast

Barium Enema
of the Colon

Lower
Extremity
Arteriogram

*PO = by mouth
(from the Latin
“per os”)

Fluoroscopy
= ‘moving
picture’
contrast
study

Can you identify orientation?
5/28/22

19

CT with Contrast
The addition of IV contrast agent increases the attenuation* of
blood vessels and highly vascularized tissues, increasing visible
detail in soft tissue.
Unenhanced
(without IV contrast)
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Enhanced
(with IV contrast)

*increased attenuation; hyperdense = terms used to describe any
tissue brighter than surrounding tissues, or brighter than ‘normal’
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CT with Contrast
The addition of IV contrast agent increases the attenuation*
of blood vessels and highly vascularized tissues, increasing
visible detail in soft tissue.

Enhanced with
PO (oral)
contrast
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*increased attenuation; hyperdense = terms used to describe any
tissue brighter than surrounding tissues or brighter than ‘normal’
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Magnetic Resonance Imaging (MRI)
• A radiofrequency beam and a massive
cylindrical magnet are used to manipulate
the natural magnetic properties of tissues.

Lumbar spine sagittal view
anterior

posterior

• Signal intensities are related to both the
density and mobility of protons (mainly
those in fat and water).
• Generally, gas is black, bone is very dark,
and fat is white. Relative grays of soft
tissues and fluid vary by water content and
technique.

Lumbar disc
protruding
into spinal
canal

Note: It is NO
T necessary to
understand
the physics inv
olved in creati
ng these
images. You n
eed only be fa
miliar with
the types of im
ages you may
encounter,
to facilitate re
cognizing the
anatomy.
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Magnetic Resonance Imaging (MRI)
Relative differences in soft tissues can be accentuated by adjusting techniques
(no contrast is used in these images)

T1 & T2 refer to features of the three-dimensional molecular environment that
T1 weighted axial brain MRI

surrounds each…blah, blah, blah…

T2 weighted axial brain MRI
Cortical bone
(dark)

Cerebrospinal fluid
in ventricles

Orientation
conventions
are the same
as CT scans

Soft tissues
(gray and
white matter)

Subcutaneous fat
(bright)
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Ultrasonography
• High frequency sound waves are directed into the body
• Echoes are reflected from the interfaces of tissues with different
properties.
Superficial

Deep
5/28/22

Probe contacts skin here

acoustic shadow behind hyperechoic bone
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Ultrasonography
•

Echogenicity = the degree of reflection of sound waves.
•

Intensity of the reflected signal depends upon the different characteristics of
adjacent tissues and tissue interfaces

•

Larger differences in tissue types = higher intensity of the reflected sound

Acoustic impedance (Z) is a physical property of tissue. It describes how much resistance an ultrasound beam
encounters as it passes through a tissue. Acoustic impedance depends on: the density of the tissue (d, in kg/m3) the
speed of the sound wave (c, in m/s). https://radiopaedia.org/articles/acoustic-impedance?lang=gb
5/28/22
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Ultrasonography

US images of ‘breast lumps’

• Fluids are least echogenic and
appear dark.
• Bone and gas are most echogenic
and appear bright.
US image of RUQ

Anechoic fluid in simple cyst

Homogeneous
fibroadenoma
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Doppler Ultrasonography
• The Doppler Effect* is a shift in frequency that occurs when echoes are
reflected from a moving object.
•

The sound of a car moving towards you changes as it passes and drives away.

• Sound only – fetal heart tones through mom’s abdominal wall
• Color Flow – carotid artery stenosis
•

http://www.youtube.com/watch?v=yuKu_6RhNOM&feature=player_detailpage

Used to visualize direction and velocity of blood flow.
Flow toward probe is red
Flow away from probe is blue
Flow perpendicular to the probe is
not detected.
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Δ frequency;
Lighter shades are faster
(i.e. arteries vs. veins)

*Not to be confused with the DOPE-LER effect which states that
stupid ideas seem smarter if they come at you really fast (WSR)
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Which
Modality?
How can you tell?
How is the information you
get from them different?
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Radiographs
What do you see?
What can you tell
about the relative
positions of the
objects?
Why?
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Ballpark* Radiation Doses
Study

Approximate effective
radiation dose

Comparable to natural
background radiation for:

CT of Abdomen and Pelvis

7.7 mSv

2.6 years

CT of Brain

1.6 mSv

7 months

Screening Digital Mammography

0.21 mSv

26 days

Chest X-ray

0.1 mSv

10 days

Dental X-ray

0.005 mSv

1 day

Extremity X-ray (hand, foot, etc.)

<0.001 mSv

<3 hours

*Dose is directly related to the machine, technology
and technique being used.
Data from https://www.radiologyinfo.org/en/info/safety-xray#6a8ccebd4e744364bc8b0326301ab3c8
Page was last reviewed on March 20, 2019. Radiological Society of North America, Inc. (RSNA).
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