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1. Describe interactions
between x-ray and matter in
the diagnostic energy range

i (Photoelectric, Compton and
Lea rn I n g Coherent), including
1 H production, energy, effects
ObJeCtlveS on patient dose, and effects

on image quality.

What 3 interactions with
matter occur within the
diagnostic range?

» X-rays interact with matter in five
ways:
— Classical interactions
— Compton scattering
— Photoelectric effect
— Pair production
— Photodisintegration




Describe how Classical Interactions
occur:

Scattered
x-ray

Incident x-ray

Classical scattering
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What impact do Classical Interactions
have on image creation and patient
dose?

- No significant impact to the image
- Adds slightly to patient dose

Describe how Compton Interactions
Occur

« Split into groups and draw a Compton
interaction

Ejected electron

Scatired phoion
with il oss bnergy
7 £ o
—o~_ ]

Low-energy
High-energy scattered photon




What 3 things occur during
Compton Interactions?
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1) lonizes the atom making it unstable

2) ejected electron - compton/ electron or secondary with enough energy to go through
own interactions

3) incident photon directed in new direction = compton scatter

Compton Scattering

incoming
*XRay Photan

Likelihood independent of Z e
Electron
Cloud

+ Scattered photon:
— Will have less energy than incident photon
— Can scatter in any direction

— Will retain at least two thirds of incident photon
energy
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What impact does Compton Scatter
have on image quality and occupational
exposure?
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Which of the following x-ray interactions with
matter occur only at low energy ranges?

i%A. Coherent
B. Compton
C. Characteristic
D. Brems o 0% 0% ox
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Describe Photoelectric Interactions

Secondary \

x-rays

Incident photon

@

Ejected
photoelectron
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During a photoelectric interaction, the incident x-ray
energy must be the inner-shell binding energy of
the tissue atom??

A. Less than

B. Half

C. Equal to or greater o 0% 0% 0%
than ‘ﬁ

D. Double

|
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What impact do Photoelectric
Interactions have on patient dose?

A. Significantly
increases dose

B. Slightly increases

dose 0% 0% 0%
A=K TN
C. No impact dose & f s
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Photo-electric Effect

X-Ray Phaton

3 ~
z Electron
5

> Cloud

Usetihoad

« The ejected electron is called a photoelectron
— Energy it possesses will be the difference between incident
photon energy and binding energy of the orbital electron.
— It has enough kinetic energy to undergo interactions of its own
before filling a vacancy in another atom elsewhere.
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What can be done to increase the likelihood that]
a photoelectric effect will occur if it is needed tg
view a particular structure?

A. Compression
B. Increase mAs

%C. Administer 0% _ox_ox_ox
contrast Vs

D. Decrease kVp

]
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What else impacts the probability that a
Photoelectric Interaction will occur?

- increase atomic number of the tissue atoms = increase in interactions
- increase in energy decreases interactions
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X-rays can eject electrons from atoms.
This is known as:

A. Beam attenuation
B. Differential

absorption
C. Dynamicimaging . . o o
i\( D. lonization s

]

18



Secondary radiation occurs after every
ionizing event?

i% A. True

B. False
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What is Secondary Radiation?

» Follows ionizing events in the
body
+ Orbital electron vacancy filled
by another electron resulting in
a release of energy in the form
of a secondary x-ray photon
« Energy released is very
minimal since associated
binding energies of body
tissues is low
— Contribute to patient dose
— Not to image production

20
Which of the following is a major
source of occupational exposure?
A. Photodisintengration
B. Pair production
C. Photoelectric
interactions o 6 0% 0%
* D. Compton w
interactions A
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Which interaction in the diagnostic
range involves total absorption of the
incident photon?

A. Pair production

B. Photodisintegration

C. Compton effect

i% D. Photoelectric effect smemsmn
PV A

S0

15
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Which interaction, within the
diagnostic range, does not involve the
removal of an orbital electron?
A. Pair production
B. Photoelectric
effect

C. Compton effect = :% ==

%D. Classical LS
scattering
15
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Which of the following contributes to

image fog?

A. Classical

B. Photoelectric

C. Pair production
% D‘ Compton 0% 0% 0% 0%

15
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Learning Objectives

Relate differential absorption to x-ray beam interactions with the
human body and image formation. \
Describe the x-ray interactions termed photoelectric effect and
Compton effect.

Describe the process of radiographic image formation.

Explain the process of beam attenuation.

Identify the factors that affect beam attenuation.

State the composition of exit radiation.

State the effect of scatter radiation on the radiographic image.
Explain the process of creating the various shades of gray in the
image.
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Producing An Image

« X-ray photons must pass through tissue and
interact with an IR.

* Quantity and quality of the primary x-ray beam
affects its interaction within the body’s tissues.

« Composition of the anatomic tissues affects the
x-ray beams interaction/attenuation.

« Radiation that exits the patient is composed of
varying energies and interacts with the IR to form
the latent/invisible image.

Copyright® 2016 by Elsevier Inc.
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Define Differential Absorption

Primary xcray photon

X-ray photons that are
‘absorbed by the part.

X-ray photons that
become scatter radiation

Image receptor

X-ray photons that penetrate
the part to help form the image




What is the difference between transmission
and absorption?

Transmitted
photon
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28
Beam Attenuation
* Reduction in the energy or number of photons in the
primary x-ray beam
» Occurs as a result of the photon interactions with
the atomic structures that compose the tissues
29
What two processes occur during beam
attenuation in the diagnostic range?
A. Absorption &
disintegration
B. Disintegration &
0% 0% 0% 0%
casscades —
f“f Ay
C. Casscadgs & S
scattering
D. Scattering &
absorption
30
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Photoelectric effect

Incident photon interacts
with an inner orbital, K o
L, electron, giving all of
its energy to the electron,
sjecting it from orbit. The
photon is “absorbed”

B

“The ejected electron (photo-

the electron’s binding energy.

Absorption

There is a vacancy in the
inner orbital shell, K or L,
which must be filled. One of
the electrons from the outer
orbital shell, usually the next
orbit out, drops to the void

As the electron drops to the
void, its excoss
energy as a secondary
photon.

Copyright © 2016 by Elsevier Inc.
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Compton effect

Photon interacts with an outer
orbitel efectron, imparting
some of its energy to the
electron, ejecting it from orbit

S tt . T::}ejez;uled elec:;lon ('(;omvl}i?;l‘n
ron) leaves the som
cattering e

imparted by the photon

B

‘The photon continues on an
altered path, scattered, with
less eneray (longer wavelength)
than before the collsion.

Copyright © 2016 by Elsevier Inc.
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Coherent scattering Scattered photons

Low-energy x-rays Do not contribute any useful
Typically, do not interact with IR information
Contribute to the radiation exposure
of the patient and others

Copyright © 2016 by Elsevier Inc.
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What 4 factors affect beam
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attenuation?
34
Tissue . ng does.increasing tissue
A thickness increase beam
TthkneSS attenuation?
100 x-rays incident
Number of x-rays
at beginning of
each centimeter
of tissue interval
100
|
50
5cm of ; E 215
tissue é 5 § s %
Cop) 2016 by EL
35

Will bone, muscile, fat, or air have a
great impact on beam attenuation?
Why?

36
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+ Higher atomi bers indicat
Type of Fecls ir ey oo o mere
Tissue with
BONE FAT AlR
37
« Atomic particles thathare morg dense or
H compact attenuate the x-ray beam more.
Tlssue Bone, muscle, fat, and air account for
i t of the b e tion in th
Denslty hmuonia?] bozy‘eam attenuation in the
Measured in kg/m?
Density
38
What impact does beam quality
have on beam attenuation?
Higher-  Shorter wavelength with higher
Penetrating frequency
X-rays * More likely to be transmitted
L » Longer wavelength with lower
ower- frequency
Penetrating h . .
X-rays . More_llkely to interact with the
atomic structures and be absorbed
39
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Low-energy
(kVp) beam

Beam Quality (Cont.)

R

Most x-ray photons are
absorbed. Few emerge to
strike the image receptor.

Copyright © 2016 by Elsevier Inc.

High-energy
(kVp) beam

Photons have more energy
to penetrate the part,
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Tissue Thickness
Increasing thickness
Decreasing thickness
Tissue Atomic Number
Increasing Atomic Number
Decreasing Atomic Number
Tissue Density
Increasing tissue density
Decreasing tissue Density
X-ray Beam Quality
Increasing beam quality

Decreasing beam quality

Y
1

Absorption

Copyright © 2016 by Elsevier Inc.

Split into groups and complete the
chart without using your textbook.

Factor Beam Attenuation

Transmission

41

Primary radiation

Scattered
radiation\

Transmitted

radiation Image receptor

Scattered
radiation

42
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Increased

Imaging N
Effect
(Cont.)
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Shades of gray or
brightness recorded Y
in the radiographic ) = Decreased
image make tissue \ } brightness
visible.
Copyright © 2016 by Elsevier Inc
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Factors that decrease x-ray absorption

include:
A. Increased tissue
density
ﬁ B. Increased beam
quality
C. Increased tissue i
thickness 5SS
. ,’f ;’J y‘j ,.*'f
D. Increased atomic &8s
number

44
Which of the following will increase
beam attenuation?
A. Higher kV
B. Decreasing tissue
density
i%c. Thicker anatomic o o on 0%
part #‘T
D. Lower atomic P
number
45
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