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Protect Your License!

It is much to your
advantage, both
financially and for time
and trouble, to make

certain that your license is

in the status you intend fo
it to be.

Some examples of
license status are:

Current and in good
standing; Late but
otherwise in good
standing; Suspended
due to investigation or
other action; Revoked
(license lost due to
wrongful action);
Expired (failure to
renew - definitely not
in good standing);
Retired (takes formal
action on your part);
Reinstated , (restored
from any of the above
statuses, except
Current and Late).

When someone thinks he
will not need his license
anymore, the majority of
Medical Limited X -Ray
License holders just let
their licenses expire; i.e.,
just fail to renew.

To stay Current, just keep
your Continuing Credits
(CE) up to date, renew on
time, and do not take

wrongful actions. This also

avoids/prevents the

statuses of Late,
Suspended, and Revoked.

The CE requirementis 20

credits for each 24 -month

certificate period (10

r credits per year on
average).

Now, learn how to
Protect Your License
even when you think you
will not need it anymore

You know the old saying
oOYou never Kk
youbdre gonna

IF you just fail to renew,
(which defaults to

Expired license), and
then later on, you find that
your license really would
serve you well, it might be
costly to reinstate.

You can reinstate an
expired license, but you
will have to submit
documentation of all
required CE credits for all
the years you did not
renew. Pluspay all past
due fees, and a late
renewal fee. For example,
if your license has been
expired for 6 years, you
will have to obtain 60 CE
credits, pay 6 years of
past due fees, and pay a
late renewal fee.

But, if you retire your
license, you can reinstate
at any later date, and you

INSIDE: Direct Reading

only have to obtain 20 CE
credits and pay the
reinstatement fee.
event of inactivity in
excess of 2 years, the

N (Board might request other

I documentation to

establish current
competency levels.

To Retireyour license go to
www.resxrn.come Click
Links(All Links), * Go toState
X-Ray Licensg# Click
Affidavit of Retirement from
Practice in Tennessee.

To Reinstat your license go
to www.resxrn.come Click
Links(All Links), * Go toState
X-Ray Licensg+ Click TDH
Application/Forms Board of
Medical Examinersor
Osteopathic if your license was
with the Board of Osteopathic
Examinersy Select
Application Instructions for
License Reinstatement
(PH-3556)(toward the bottom).
If you have not heard from
the Board within the time
mentioned on the Instructions,
call them.

In the
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This Bulletin Board is free to doctors and
techs. We will include items as long as
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LETTERS TO THE EDITOR

Dear X -Ray News,

/ want to thank all of
you at XRN for the nice
holiaay letter. [ just
wanted to let you know
how much | appreciate
everyoneds
providing
services in education
and continuing
education that you do. |
cannot think of one
thing that can be done
to improve on that
would better serve us.
The entire staff is to be
commended on a job
very well done.

Happy Holidays,
Dr. E.G., Crossville

efr
ous

Dear RES,

My thanks to all of the
instructors for sharing
their knowledge and
years of experience. /
wish | could take one of
you to work with me in
my office. | will do my
very best to be a
radiographer who
applies the principles
you taught me.

P.M., McMinnville
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TEST YOUR KNOWLEDGE

1. Name the large opening in the occipital
bone.

a. inion

b. foramen magnum

c. auditory meatus

d. sella turcica

2. At what age are the sinuses completely
developed?

a. 8

b. 10

c. 14

d. 18

3. The CR for a PA projection of the wrist
is directed to the:

ANSWERS TO
TEST YOUR KNOWLEDGE
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DID You KNOW?

b That in 1918 Eastman introduced
radiographic film.

b That in 1920 the Society of
Radiographers was formed.

b That in 1853 Charles Gabriel Pravaz and
Alexander Wood invented a hypodermic
needle fine enough to pierce human skin.

b That in 1950 the cardiac pacemaker
was invented.

b That in Virginia it is illegal for any

- person to willfully and negligently permit
a. mid -carpal area haltered h fth ‘
b. third carpometacarpal area 2117 CITAE IR e SIS (I il s @ el
c. radiocarpal joint year or more to go at large or to take such
d. scaphoid I n the Iong ru n, horse to any place of public worship.
4. The upper most portion of the lung is men on Iy h It Wh at b That in 1907 The American flag had 45
termed: stars. Arizona, Oklahoma, New Mexico,
a. costophrenic angle I G v hh+ “mc @k rj"° S
B B they sl at . to the Union yet. : ’
c. base Henry David Thoreaf
d. hilum b That in 1907 there were about 230
reported Murders in the ENTIRE U.S.A!
|
J T N E I C 1 F U S N I Q PM F Y Z R W FUN TIME.
The words used in this word seard
x b B Y R reEmo T 1S NEDGWXEC puzzle are taken frodR-058 The
CHX FATC I ALGVMA® RUBTEWTDB G C H Coconut- Demonstrating
L LT NR B HEF LG 2ZAWGIXECT 2 MEwW Rad!ographlc Densitgontained in
this issue. Words may read
R K RWP NWFNZDDAZHPL GNPM normally, from right to left, bottom
T R LYV NOTUDW I MRBV S PTONTT to top, top to bottom, or on any
diagonal.
C F NS B F R I OHEUPEWHJIR I L P O C Solution is on page 2.
E K C K T KDL TV N GMNNTO L CRT coconut
beverage
L R ZMMU®RU I E A A FE B AUUHT J B V facial
E L UMV CUBARMMTLIKURNMTECTC VM pllagnost]c
information
O B T S E L K C E G E I N J L O I R Z AT electrodes
T M R NOMU RUZPTCNTETLF X CNT R W F electromagnetic
overexposure
O L T VR PMJ T UTOTZ CLIROTFCG WN interact
HR QT Y A X RTTR RIKS L OTGCOA ATRQ attenuation
transmission
P N X T I P O E A KHE L T X CR R R Y G structures
T M L L DDULlLRI RNZRSNIRME J NH receptor
radiolucent
R K L B E GRVMEMNZ K GO CATTNN insufficient
R I T S L QP W Y L V FWTK X TNTHW factors
densitometer
M K WM E GA T L OV O 1L I K J I | WDT photoelectric
c 1 T E NGAMGOT RTCELENU OTZ RTD QDK milliamperage
collimation
N T R A N S M I S 1 O N T X L F B z C kilovoltage

cmCs
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Demonstrating Radiographic Density
by Terry Seals, MS, RT, (R)(T)(ARRT)

oconut

The coconut was brought to the United States by way of
south Florida during the 1880's when a ship wrecked off
shore and thautsthat the ship was hauling broke free and
floated toward the coast. Because coconut trees or cocon

palms require warm conditions for successful growth and ¢

intolerant of cold weather, these nuts flourished. This new
prospered and spread quite abundantly in the Florida
temperatures that rarely fell below 45°F. When this palm
paradise was discovered, it was very easy to name this
tropical looking, coconut laden villaggalm Beach

The coconut palm is grown throughout the world, for
decoration as well as for its many culinary and-nolnary

uses. Almost every part of the coconut palm has some hur

use. It has provided food, shelter, and transportation for
centuries. Additionally, coconut
products can be found in the form
of oils, fiber, and charcoal. Ropes
baskets, and brooms can be mad;
from coconut byproducts. Coconut
shells are often used as container
(Image A and may be brightly
decorated.

Though its name suggests it is a
nut, the coconut has always been
regarded as a fruit. When the coconut is young, it has
properties like fruit. As it matures, it becomes more like a
Actually, the coconut is not a nut or a fruit; it is a seed. Wh
the coconut shell is cracked open, it contains a fleshy whit
and somewhat sweet meat that can be eaten raw. Coconu
can be extracted from the meat. Also found inside the holl
center of the coconut is coconut water. The nutritious coc
water can be consumed as a beverage.

Coconut water is often confused with coconut milk.
Coconut milk is a sweet, milky white, creamy product deriy

Image A. Coconut shell used
as a container.

from the meat of the mature coconut. Coconut milk is made
by grating the meat, soaking it in hot water, and squeezing i

This process extracts the coconut mikkrich, dense liquid,
very high in protein and fat.

A coconut was used for this
project to demonstrate radiograph
density.Image Bshows the

,tcoconut used during the following
srexperiments. The coconut was
trgiven a face with washers for the
eyes, a.dlme for the nose, and Image B.The coconut used for
paperclips for the mouth and earsine experiments.

These metallic objects absorlyays

differently than the coconut and are easily identified on
radiographic images. Because of the thickness differences
between the coconut meat and the coconut water found in the
hollow center, the meat and water are demonstrated
differently on a radiographic image. The thicker coconut meat
will absorb many of the

x-ray photons that hit it. The hollow
inside of the coconut may contain
some coconut water which will
absorb few of the-xay photons that
hit it. As a result, the coconut meat
will display lighter and the hollow
inside will display darker on the
radiographic imagdmage 1lis a
radiographic image of the coconut.
Demonstr_ated are the lighter areas Image 1. A radiographic
representing the coconut meat, and th&ge of the coconut.
'Wdarker areas representing the coconut

€center, as well as the metallic facial features.

T X-Rays

oy The use of radiographic imaging is an integral part of
ordiagnostic medicine. Understanding how the radiographic
image is produced is essential for the radiographer. A primary
responsibility of the radiographer is to evaluate radiographic
images to determine if sufficient information exists for a
diagnosis. Evaluating the image includes evaluating
.radiographic density. This project provides an introduction to
the nature of the radiographic image and some of the factors
that affect its density.

=]

e
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X-rays are a form of electromagnetic radiation. They are
similar to white light waves, but with a much shorter
wavelength. Because of this short wavelengttays are very
energetic and highly penetrating-r&ys were accidentally
discovered in 1895 by a German physicist, Wilhelm
Roentgen. Through experimentation, Dr. Roentgen realize
this new ray was able to penetrate material, including the
human body as well as the walls of his laboratory. Roentge
delivered a pape©n a New Kind of Raysletailing his
findings in December of 1895. In the paper, he acknowled
that he did not know the precise nature or purpose of thesg
new rays. He chose to name this new discoxeny, sincex
is the mathematical symbol for unknownrays are also
known as Roentgen rays in honor of Dr. Roentgen. For hig
discovery, Roentgen was awarded the first Nobel Prize in
Physics in 1901. At the time, most people did not underst

the magnitude of Roentgen's achievement. However, it soor

became clear that he had stumbled upon something vastl
significant for the advancement of not only medicine, but
for science as a whole. Eventually, it was realized thayg
could not only image the human body, but could also caus
serious injury to human tissue. Many of the earhax
researchers developed radiation burns and cancer becaus
the exposure they received working with these new rays.
These tragedies led to greater awareness of radiation haz
for health care workers. Today, lead barriers, aprons, gogg
and shields are used to protect patients as well as health ¢
workers from overexposure terays.

X-rays are produced inside a glass envelope calleeray x
tube. The tube contains two electrodes: a negatively charg
cathode and a positively charged anodeays are created

when free electrons are accelerated from the cathode to the

anode. When these high velocity electrons collide with the
metal anode,-xays are created. In addition to creatingays,
this process also creates large quantities of heat.

To produce a radiographic imageray photons must pass
through the patientds anat
receptor. Thémage recepto(lR) can be described as a
device that receives the radiation exiting the patient. An
example of an image receptor wo
be a cassette containing screens
film, also called a filrrscreen syste|
(Image C) A radiographic image ig
created by exposing a patient to a
primary xray beam. The-xay beamimage C. A cassette
may be referred to dmam, photons&xmt?ﬂini”g| SCffeen$ and film is
or radiation. The primary xray ?;CZ;?::_F’ eoranimage
beam leaves the-pay tube and
passes through the collimator toward the patient. As the
primary beam passes throug
lose some of its energy. This decrease in the energy of the
primary xray beam is called attenuation. Beam attenuation

occurs becausetherxay photons i nteract
anatomy. Three distinct processes occur during beam
attenuationabsorption, scattering, and photon transmission

Absorption
As the primary xray beam passes into the patient, some of
the xray photons are completely absorbed by the patient. In
dt his scenari o, al | of the phec
patient. The absorption characteristics of the anatomy are
*ldetermined by its composition, such as its thickness and
atomic number. The probability that a photon will be
Jécompletely absorbed by the patient increases as the thickness
° or the atomic number of the anatomy increases. Therefore, in
dense structures such as bone, absorption of photons is very
likely. Absorption of photons in less dense structures such as
air filled cavities is less likely to occur. When photons are
absorbed by the anatomy, they contribute to the radiation
Niexposure of the patient.

Scatter
Is Not all of the primary xay photons arabsorbedby the
patient. Instead, some of the photarteractwith the
epatientds anatomy. These
within the patient and their direction of travel is changed.
e Photons with a new direction of travel have less energy than
primary beam photons. This process is called scattering.
srPhotons with a changed direction of travel are called sedtter
jiehotons or scattedx-rays orscatterradiation. Scattered
abhotons may be absorbed within the anatomic tissue of the
patient and increase the pati
leave the patient to interact with the image receptor resulting
in fog on the image, or they can exit the patient and contribute
to the radiation exposure of anyone near the patient, including
the radiographer. Scatter radiation is detrimental to the
radiographic image and it is detrimental to human tissue.

Transmission
If an incoming xray photon passes through the anatomic

part without any interaction with the atomic structures, it is
ccalled transmission. These transmitted photons that emergg 54
from the patient are referred toedt or remnantradiation.
Scatter radiaton can also be a part of the remnant rays.
Remnant photons exiting the patient will do so with varying
energies. The information carried by this remnant beam
(varying amounts of scattered and transmitted photonst

be transferred to an image receptor to become the invisible,
latent image. The latent image is converted to a permanent,
visible image by processing chemicals.

Areas within the anatomy thabsorbprimary photons (such
as bone) create the light areas on the radiographic image.
Areas in the patient that absorb many photons are called
radiopaque Primary photons that atensmitted througlthe

Fpatient (such as lungs) create the black areas on the
» radiographic image. Areas in the patient that allerays to

phot

e

t

(Continued on pagé)
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easily be transmitted are calletliolucent Anatomic tissues
that vary in absorption and transmission (such as soft tissu
create a range of dark and light arewaarying shades of gray
on the image.

This variation of beam attenuation as radiation passes
through different structures in the body is known as
differential absorptionWith differential absorption, some of

the xray beam is absorbed by the anatomy and some of th

beam passes through the anatomy. The term differential is
used because varying anatomic parts absorb-thg ghotons
differently. Differential absorption of the primaryray beam
will create a radiographic image that structurally represent
theanatomy of interest (AQlI)

A number of factors combine to determine the quality of {
radiographic image. By manipulating these factors, the
radiographic image can be changed. There is no one perfe
combination of factors that must be used for each exposur
Rather, a number of possible combinations can produce v
acceptable diagnostic radiographs. The radiographer is
responsible for finding an appropriate combination of factg
unique for each exam, that will produce a quality radiogray
This combination should ke
to a minimum, while producing a high quality radiograph fa
interpretation by the physician.

The radiograph can be described as adimtensional
image composed of a variety of black, gray, and white
shadows. The amount of theay beam absorbed
(attenuated) by the anatomy determines the radiographic
density of the shadows on the radiograph. laek areason
the image represent less dense anatomic structures that h
allowed many of the primary-rays to pass through the
anatomy to the image receptor. Tgray areason the image
represent moderately dense anatomic structures that have
absorbed the-ray beam to varying degrees. TWhkite areas
on the image represent dense anatomic structures that ha
absorbed many of the primaryrays.

The extent to which the image receptor is affected during
X-ray exposure depends on the numberys reaching it.
A diagnostic radiograph should have adeqdatesity(overall
darkness), appropriat®ntrast(shades of gray), clear
recordedletail (definition and resolution), and minimal
distortionor magnification (size and shape) of the anatomy
being examined.

Of these four image properties, only radiographic density
will be considered for this project.

Radiographic Density

Radiographic density is the amount of overall darkness
evident on the image after processing. The image must hav
sufficient density to visualize the anatomic structures of
interest. An image that is too light has insufficient density.
Conversely, a radiograph that is too dark has extreme or

excessive density. In either case, the anatomy is not well
demonstrated. The radiographer should evaluate the overall

Iedensity on the radiograph to determine whether it is adequate
to appropriately visualize the anatomy. The radiographer must
also establish whether the radiographic image is diagnostic or

S

h

is unacceptable. The ability to determine when a radiograph
unacceptable as a result of either insufficient or excessive
density requires knowledge of radiographic factors that

is deemed unacceptable due to a density problem, it is
necessary to determine which factor(s) contributed to the
density error. Knowledge of factors that affect radiographic
density is critical to developing effective problswmiving
skills. Factors thadirectly affect density are considered
controlling factors whereas factors thatdirectly affect
density are consideredfluencing factors

»c Radiographic density on a piece efay film can be

e

ordensitomete(image D) A

r<Sensor that measures the amount
yrlight transmitted through a piece o
¢film. The film is placed on the

r

a

measured with a device known as

densitometer has a photoelectric

densitometer between the light
source and the sensor, and the den®i
of a specific spot on the image is  gare;
measured. The measured density i§im.
displayed as a number on the
densitometer. These density numbers are expressgica

density(OD) numbers. Radiographic film densities range

D. A densitometer
ures the radiographic
ty on a piece ofray

is

emanipulate density, as well as clinical experience. If an image

from OD 01 4.0. Therefore, each different shade of gray from

white to black will have a different optical density number.
The greater the OD number, the greater the density.

Milliamperage and Exposure Time (mAS)
Theprimary controlling factor for radiographic density

vemilliamperagesecondg¢mAs). The product of milliamperage

(mA) and exposure time (s) has a direct relationship with the

Quantityof x-rays produced. Milliamperage and exposure time

Vi

together control theumberor amountof photons in the
primary xray beam. They are multiplied and referred to as

mAs. The radiographer can control radiographic density with

the mAs selected for each radiographic exposure.
Radiographic densitncreasesas thequantity of photon

the primary beam imcreased The quantity of photons in the
primary beam can be increadgdincreasing the mAs

Radiographic densitgecreasesas thequantity of photons
the primary beam idecreasedThe quantity of photons in the
primary beam can be decreassddecreasing the mAs

Therefore, the radiographer can manipulate radiographic

density by adjusting the mAs. Because mAs is the product of

milliamperage and exposure time, changing milliampeoage

(Continued on pag@é)
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time has the same effect on
radiographic density.

To demonstrate radiographic
density, the coconut was
radiographed and can be seen in
Image 1 This image displays
appropriate
radiographic
density. Itis
neither too light
nor too dark. The coconut was
radiographed in thanterio-posterior
(AP) projection on top of the-say table
(Image E)using 2 mAs, 52 kVp, and a
40-inch source tamage receptor

. __distance(SID). The primary xray beam

Image E. Radiographing . .

the coconut in an Ap _ was directed perpendicularly to the

projection on top of the center of the coconut, and the beam w

x-ray table. closely collimated. The anatomy of the
coconut is well visualized because of the appropriate
radiographic density.

Image 1 is considered the standard and subsequent ima
will be compared to it.

A change in mAs results in a correspondiligct change in
radiographic density. For example, when rtié&s is
increasedradiographic density is increaspathen thanAs is
decreasegradiographic density is
decreasedWhen an image is too
dark, it has excessive density, and
decrease in mAs is necessary to
correct the density erromage 2
demonstrates excessive
radiographic density and should be
repeated. To produce Image 2, 4
mAs and 52 kVp were used. Note
that the mAs used to produce Imag S
2 was two times adouble the mAs T{Q‘;‘ngoenﬁt'rl?e'i ;i‘i';’f;f;‘;“
used for Image 1; thereforie
radiographic density is doubled

For a radiographic image that must be repeated due to
excessive density, the mAs used on the repeat image is
adjusted by a factor of two. When the radiographic density
excessivethe mAs should be decreased by Y. In the case
Image 2, because of excessive density, the image should
repeated. The mAs used for the repeat image should be
the mAs used on the dark image. This decrease in mAs fo
repeat will allow the repeated image to look exactly like
Image 1. If a radiographer produced Image 2 using 4 mAs
52 kVp, the excessive density should be recognized, and !

Image 1. This radiograph
displays appropriate density.

radiographic density.

mAs (Y2 of the original mAs) should be used for the repeat,

The mAs can be decreased by % either by decreasing the
milliamperage by Ybr decreasing the exposure time by %.

Decreasingeither milliamperageor exposure time by Y2 will
decrease the mAs by Y. Decreasing the mAs by ¥ will
decrease the radiographic density by ¥2. For the repeat, 2 mAs
should be used and will produce the same density found on
Image 1.

When an image is too light, it has
insufficient density, and an increas
in MAs is necessary to correct the
density errorimage 3exhibits
insufficient density; it is too light
and should be repeated. In general
for a radiographic image that must
be repeated due to insufficient
density, the mAs used on the repes
image is adjusted by a factor of two.image 3. This radiograph
Specifically, the mAs used on the ligxhibits insufficient density.
image must be doubled for the repeat.

The mAs can be doubled lejtherdoubling the
amilliamperageor doubling the exposure time. Doubliegher
> milliamperageor exposure time will double the mAs, and
therefore double the radiographic density. Image 3
demonstrates insufficient radiographic density and should be
gerepeated. To produce Image 3, 1 mAs was used.

For a radiographic image that must be repeated due to
insufficient density, the mAs used on the repeat image is
adjusted by a factor of two. In this case, because the original
image is too light, the mAs used for the repeat image must be
two times the mAs used on the original image. If a
radiographer produced Image 3 using 1 mAs and recognized
the insufficient radiographic density, then 2 mAs (two times
the original mAs) should be used for the repeat. The mAs can
be doubled by doubling the milliamperagredoubling the
exposure time. Doublingithermilliamperageor exposure
time will double the mAs and therefore double the
radiographic density. For the repeat, 2 mAs should be used
and will produce the same density as found on Image 1.

Collimation
The remnant radiation received by the image receptor is
from two sources: primary-says and scatteredrays.
Scatter radiation that reaches the image receptor does not
provide anydiagnosticinformation about the anatomic area.
_Scatter radiation reaches the image receptor from all
I'directions and produces a fairly uniform density over the
Olentire image. This veil or haziness is in addition to the density
b‘produced by the primary-pays striking the IR and is known
? (as fog. When fog is present, the effect is as if the image is
I being viewed through a cloud. Therefore, the image is
degraded. Any change in the size of the primargyxfield
awill alter the amount of primary radiation reaching the patient.
2 Collimation is a process where the primarsay beam is
reduced in size to the size of the AOI. In most moderrayx
machines, a collimator is attached to they tube housing
(Continued on pag8)
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and can be easily used to manipulate (collimate) the size ¢
the xray beam. A collimator consists of two pairs of lead
shutters at right angles to each other. These lead shutters
be adjusted to resize the beam to correspond to the size g
anatomy being imaged. When properly adjusted, the
collimated light field represents the radiation field.

Increased collimation results in a smaller primainax
beam size. This tighter collimation of the primaryay beam
has the effect of reducing the number of primary photons
exiting the collimator and thus reduces the patient exposu
Because less primary radiation reaches the patient, this in
reduces the amount of scatter radiation produced within th
patient. This decrease in primary and scatter photons redu
the number of photons reaching the image receptor. Fewe
photons reaching the image receptor decreases the amou
density on the radiograph.

A larger field size, or decreased (less) collimation, increa
the amount of tissue irradiated and increases the amount
scatter radiation (produced primarily by the patient) reachi
the image receptor. This in turn
increases the amount of density on
the radiographimage 4was
exposed exactly like Image 1, exce
the collimation was decreased,
resulting in a larger primary beam.
This larger primary beam allowed
more primary radiation to reach the
image receptor. Additionally, the |
increased number or primary

Image 4. This radiograph
photons caused more scatter to be was exposed exactly like

B?age 1, except the

created and reach the image receptOr-2° -
collimation was decreased.

This increase in the amount of

remnant radiation reaching the image receptor resulted in
greater radiographic density. Therefore, one method of
reducing the amount of scattered radiation produced,
maintaining appropriate radiographic density, and reducing
the patientdés dose is to r
collimation) with collimators, cones, or other belmiting
devices. The effect of collimation on radiographic density i
more visible when imaging large anatomic areas, performi
examinations without a grid, or when using a high
kilovoltage.

Kilovoltage Peak (kVp)

Theenergyof primary xrays created during an exposure i
controlled by theilovoltage peakkVp) selected. The higher
the kVp, the greater the energy of the primanays created.
Sincekilo means 1,000, kilovoltage means one thousand
volts. Thep stands for peak. Therefore, kVp means
kilovoltage peak, or the peak energy of the primargys
created. The term kVp is often shortened to kV.

Kilovoltage peaknfluencegadiographic density because i
alters thepenetrating abilityof the xray beam. Increasing

kVp increases the number of primary photons penetrating the
nf anatomy and exiting as remnant photons. This increased
guantity of radiation reaching the image receptor increases
cradiographic density. Adjusting
f radiographic density can be achievdy]
with kilovoltage by using the 15%
rule. The 15% rule states that
increasing kVp by 15% doubles the|
radiographic density on an image.
Image Sillustrates the change in
redensity when kVp is increased 15%
wIn Image 1, the kVp used was 52 a
ethe density created was acceptable. image 5. This radiograph
cThe kVp used for Image 1 (52) was 'c;'grslgi?teshthe E\*}an.ge in
r increased by 15% (52 multiplied ~ 2i2¥ iR R
nitimes .15 equals approximately 8; 52
plus 8 equals 60) to 60 kVp for Image 5, and the result is an
increased density. To correct the excess density found on
31;Image 5, for the repeat, the 60 kVp should be decreased by
q(15% (60 multiplied times .15 equals approximately 8; 60
*minus 8 equals 52) to 52 kVp.

Decreasing kVp decreases the quantity of radiation reaching
the image receptor and decreases radiographic density. Also,
decreasing kVp by 15% decreases the radiographic density by
%.Image 6illustrates the decrease i
density caused by a 15% decrease [z
kVp. Again, Image 1 demonstrates
an appropriate radiographic densit
The kVp used to produce Image 1
was 52 and the resultant density is
acceptable. For Image 6, the kVp
used for Image 1 was decreased b
15% (52 multiplied times .15 equal imae 6. This radioaranh

aapproximately 8; 52 minus 8 equals jase &, T adooeeh
44) to 44 kVp, and the image displaygnsity caused by a 15%
insufficient density. To correct the decrease in kvp.
) insufficient density found on Image 6,
for the repeat, the 44 kVp should be increased by 15% (44¢ 3 s
multiplied times .15 approximately equals 7; 44 plus 7 equals
s 51) to 51 kVp.

n¢ Kilovoltage peak affects not only the radiographic density

but also other aspects of the image, such as contrast; therefore,
kilovoltageis not the primary factorto manipulate for

changes in radiographic density. It is, however, sometimes
necessary to adjust radiographic density by changing the kVp.
Whenever possible, a high kVp, low mAs technique should be
used for quality diagnostic images and to reduce patient
exposure.

Source to Image Receptor Distance (SID)
The distance from the source of the radiation in thayx
tube to the IR is known as tkeurce tamage receptor
t distance(SID). The routine SID for procedures performed on
(Continued on pag®)
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the xray table is forty inches. The SID selected has a
significant influence on density. Because of the divergence
the xray beam, the intensity of the radiation will vary at
different distances. Thenay intensity decreases as the SID
increases. This relationship between distance aiag keam
intensity is best described by theverse Square La@SL).
The Inverse Square Law states thatititensityof the xray
beam ignversely proportionato thesquareof the distance
from the xray source. Because beam intensity varies as a
function of the square of the distance, SID affects the quar
of radiation reaching the image receptor. As SID is increas
the xray intensity is spread over a larger area. This decreg
the overall intensity of the-say beam reaching the image
receptor. As SID increases, density decreases; as SID
decreases, density increases. Because of the diverging
properties of xays, changes in SID also affect other qualiti
of the image and should not be used routinely to manipulat
density.

The Inverse Square Law can be written as the formula:

n}

n

[T

I
I,

D..|Fl.
Ll 1

In the inverse square formulagquals théntensityof the
beam at théirst distanpelz equals thentensityof the beam at
thesecondlistance;d; equals tisguareof thefirst distance;
and d§ equals theguareof thesecondlistance. Essentially,
what this states is that the amount of radiation decreases
distance from the tube increases. Using this formula, wher
distance is doubled, the intensity at the new (doubled)
distance i®nefourththe initial value.

A change in SID requires that a new mAs must be used
order to maintain the same original density on the radiogra
Maintaining consistent densities when the SID is altered
requires that the mAs be adjusted to compensateD&hsity
Maintenance Formulaalso known as th@As/Distance
Compensation Formularovides a mathematical formula fo
adjusting the mAs when changing the SID. The following
Density Maintenance Formula represents how mAs shoulg
changed in order tcompensatéor a change in distance in
order to maintain the original density:

mAs; df
=3

-
rs

N

1

mAs,

In the Density Maintenance FormuiaAs equals thenAs
used at théirst distancemAs equals thenAsused at the
secondlistanced; equals tisguareof thefirst distance;
and d§ equals theguareof thesecondlistance.

Because increasing the SID decreasespbeam intensity
and therefore the density, the mAs must be increased
accordingly to maintain density. Fomage 7 the SID was

increased to 80 inches. The other technical factors used fo

e
AS

[1]

r

Image 1 were used for Image 7.
Notice the significantecreasen
radiographic density on Image 7 as
result of the 80 inch SID. This imagy
would need to be repeated to obtai
the correct density. For the repeat,
when using an 80 inch SID the mAS
should be increased. To determine
how much to increase the mAs, the

Density Maintenance Formula shoulthage 7. This radiograph
tbe used. shows a significant decrease
in density as a result of
increased SID.

mAs;  dy

mds, d3
To use this formulanAg would be the original mAs used

for Image 1, which would be 2. The correct mAs for the 80

éinch distance is representedms which would be currently
unknown as indicated by theé The original distance used to
produce Image 1 is representedd;/ and would be 40
inches. The new distance is represented sy and would be
80 inches. Substituting the correct numbers into the formula
would look like the following:

2 40?
¥ 802

The first step in solving this formula is to square the
distances, or multiply the distances by themselves. This would

asresult in:
I 2 40x40 2 1600
X BoEXED . X gan0

n The next step is to cross multiply:

p X (1600) = 2(6400) or 1600X = 12,800

To solve for X, 12,800 is divided by 1600 or:
_ 12,800
T 1600

X=28

Therefore, if the same technical factors used for Image 1 are
used when the SID is changed to 80 inches (doubled), the
radiographic density will be insufficient (4 x too little) as
demonstrated in Image 7. Using the Density Maintenance
Formula, 8 mAs should be used when changing the SID from
40 inches to 80 inchebnage 8is the same as Image 7, except
the mAs is changed to 8 as calculated using the Density
Maintenance Formula. This change in mAs increases the
radiographic density allowing this image to look similar to
Image 1. When it is necessary to change SID, mAs should
also be changed to maintain density.

When theSID is decreased, the density increasiesrefore
the mAs must be decreased accordingly to maintain density.
Image 9demonstrates how density changes when the SID is

(Continued on pag&0)
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decreased. For Image 9, all technidgg
factors used for Image 1 were kept
the same, except the SID was
decreased to 20 inches (cut in half)
This change in the SID causes
excessive radiographic density.
Because Image 1 has appropriate
density, when changing the SID,
mAs will also need to be changed. |mage 8. By increasing the
To repeat Image 9 using a 20 inch mAs to 8, the density is
SID but maintaining appropriate ~ n¢reased in this image.
density, the mAs should be decreased.

The Density Maintenance Formula
can be used to accurately calculatg
the appropriate mAs.

mds;  dy
mAs; dj

To use this formulanAs would
be the original mAs used for Imag
1, which would be 2. The correct
mAs for the 20 inch distance is his radi h
represented bynAs which would behage how Genat ohanges
currently unknown as indicated by when the SID is decreased.
theX. The original distance used to
produce Image 1 is representedd’ and would be 40
inches. The new distance is represented;y and would
20 inches. Substituting the correct numbers into the formu

would look like the following:
a0
T oap0

or
The next step is cross multiplying:

X (1600) = 2(400) or 1600X = 800

1600

200

- 7
“ .
X 4

Solving for X requires 800 be divided by 1600 or:
800
1600

Therefore, if the same technical factors used for Image 1
used when the SID is changed to 2
inches (halved), the radiographic
density will be excessive (4 times
too much) as demonstrated in Imag
9. However, if the mAs is also
changed when the SID is changed,
the radiographic density is
appropriate as demonstrated in
Image 10 For Image 10, 0.5 mAs

orX = 0.5

. o Image 10. This radiograph
was used (instead of the original 2 shows that when SID

anges, the mAs must also
ange accordingly to
maintain appropriate

mASs) due to the 20 inch SID, and ﬂfé}
density is appropriate.

density.

Changes in the SID create changes-mayintensity and
therefore changes in radiographic density. The Density
Maintenance Formula can be used to compensate for the
effect that changes in distance have on radiographic density.
As with kVp, SID affects not only the radiographic density
but also other aspects of the image, such as detail and
distortion; therefore, SID shouttbt be used as tharimary
factor to make changes in radiographic density.

Object to Image Receptor Distance (OID)
Theobject to image receptor distan@@ID) is the distance
from the object being radiographed to the image receptor. The
OID has a slight effect on radiographic density. A very large
OID may decrease density. A large OID is sometimes called
theair-gap techniqudecause of the large gap of air between
the object and the image receptor. This air gap can act as a
grid by helping to prevent scatter from reaching the image
receptor, thereby decreasing radiographic density. In some
situations, it is difficult to minimize OID because of factors or
conditions beyond the radiographer's control. For example,
when radiographing the cervical spine in the lateral position,
there is a considerable distance between the cervical spine and
the image receptor (large OID) due s
the shoulders. The most significant E‘p
impact an increased OID has on an
image is magnification. For this
reason, it is imperative that the
radiographer position each patient g
kthat the anatomy of interest is as
aclose to the image receptor as
possible. Foimage 11 the technical
factors were kept the same as for
Image 1 except the coconut was raig€f .= Image 1. except

four inches the coconut was raised four
above the inches above the image

image receptor.
receptorimage Fshows the
coconut placed on a radiolucent
sponge. The sponge created an
OID of four inches. As
Image F. The coconut is placedlemonstrated, this increase in OID
on a radiolucent sponge to cregiyd minimal impact on

an OID of four inches. . . .

radiographic density. However, the

increased OID caused magnification of the anatomy. In most
situations, changes in the OID are not adequate enough to
cause substantial density changes. Although the amount of
OID necessary to visibly affect image density has not been
standardized, the radiographer should strive to minimize the
OID whenever possible.

Grids

A radiographic grid is a device that is placed between the
patient and the image receptor to absorb scatter radiation

Image 11. This radiograph
d the same technical

c

(Continued on pag#&l)
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exiting the patient. Limiting the amount of scatter radiation
reaching the image receptor improves the quality of the
radiograph. The first grid, a grid diaphragm, was invented
Dr. Gustav Bucky in 1913. This grid was stationary and du

to its construction, it was not very practical. Dr. Hollis Potte

i mproved Dr . Buckyds inven
would move the grid during the radiographic exposure. Ma
x-ray tables are equipped with a moving grid permanently
mounted underneath the table top -
and above the film (Bucky) tray.
When a cassette is placed in the
Bucky tray(Image G) the grid is
used. This grid is mounted in a
frame and moves under theay
table during the radiographic
exposure. The grid and the

. Image G. A cassette placed
movement mechanism are Known @she Bucky tray.

a reciprocating grid. It is also called
a PotterBucky diaphragnafter the inventors, but is usually
referred to simply as Bucky

In addition to absorbing scatter radiation, grids
unfortunately also absorb some of the primary radiation.
When a grid is used, it is placed under thayxtable,
between the patient and the image receptor. A grid is mad

a series of radiopaque strips which alternate with radiolucer
interspace material. The radiopaque strips are made of a de

material, usually lead. The radiolucent interspace material
often plastic or aluminum. These materials are pressed
together and produced as flat sheets. Grids are designed {
allow the divergent primary beam to pass between the lea
strips and the scatter to be absorbed by the lead. This grid
construction allows the primary beam to reach and interac
with the film image receptor, while absorbing the scatter
radiation. The efficiency of the grid depends on the height
the lead strips and the distance between them. The efficie
of each grid is determined by the grid ratio, which can be
calculated by using the formula:

height of lead strip (h)

Grid Ratio = —— — ————
distance between lead strips (d)

Typical grid ratios are 6:1, 8:1, 10:1, 12:1, and 16:1. High
ratio grids (16:1) absorb more scatter, preventing it from
reaching the image receptor. Therefore, higher ratio grids
more efficient in removing scatter from the image. Higher
ratio grids also require somewhat more accuracy in patien
positioning. Each grid ratio is assigned a grid conversion
factor to indicate its efficiency. Grid conversion factors are
used to help determine the proper mAs to use with a spec
grid. Lower grid ratios (5:1) have lower grid conversion
factors, and thus require less mAs than higher ratio grids.
following table lists commonly used grids and their grid
conversion factors:

Grid Ratio Grid Conversion Factor
No Grid 1
b\ 5:1 2
e 8:1 4
by 10:1 & 12:1 5
t 16:1 6 t ha

Because of their construction, in addition to absorbing
scatter, grids also absorb some of the primary beam. Because
some primary photons are absorbed and do not reach the
image receptor, density decreases
when using a gridmage 12
demonstrates what happens to
density when a grid is used. This
exposure was made exactly like
Image 1, except a 10:1 grid was
used. Notice the decrease in densi
due to the absorption of some
primary radiation and scatter by _thlmage 12. This radiograph
grid. Therefore, when using a grid, spows decreased density
changes to the technical factors arewhen a grid is used.
required in order to maintain density.

It is preferable to always chang#s for grid changesxcept
in Chest radiography.

When Image 12 is repeated, greater mAs must be used. To
i determine how much to increase the mAs, the following grid

[¢)

D

conversion factor formula is used:
mAis, GCH

; mds, GCF,

In this formula, mAg represents the mAs used without a

t grid, mAs represents the mAs used with the grid (it is the

unknown),GCF, represents the grid conversion factor for no
ogrid, andGCF, represents the grid conversion factor for the
ngrid being used. For Image 1, 2 mAs was used without a grid
and the density is appropriate. If the mAs is not changed when
the use of a grid is changed, the density will be insufficient
(Image 12). To produce an image with a density similar to
Image 1 while using a grid, the grid conversion factor formula
can be used to determine the necessary mAs.

mA.S'i GCFl
~ GCF,

Al To use this formula, th6CF, is 1 (see the grid conversion
table above) since no grid was used for the first image; the
[ GCR,is 5 because a 10:1 grid is usethg is the mAs used
for Image 1 which is 2; amhAs is unknown and will be
/indicated a.
21

5

LS

mAs,

f

X

T (Continued on pag&2)
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The next step is to cross multiply which yields:

1X¥ =2(5) orX =10

By using the grid conversion factor formula, the appropri
mASs to image this coconut when using a 10:1 grid can be
calculated and is found to be 10
mAs. Image 13llustrates the
density produced by using a 10:1
grid and 10 mAs. This increase in
mAs produces the necessary
density, but it also causes an
increase in the
Because of this increased dose to
the patient, every effort should be [
made to expose the patient correct® —
the first time to avoid repeats. mage 13. This radiograph

.. . shows the density produced
Additional ways to reduce the patiem; using a 10:1 grid and 10
dose would be to increase collimatioms.
and use a lead shield for the patient
whenever possible. The problem of scatter increases whe
imaging large anatomic areas such as the abdomen, pelvi
hips, and chest. Therefore, it is important to use a grid whe
imaging thick parts of the body. Using a grid will absorb
much of the scatter produced and generate a more accept
image.

Here is another way to use the grid conversion factor. In
instances as above, your original mAs is 2 with no grid anc
you make a second exposure using a 10:1 grid. Since the
conversion factor for a 10:1 grid is 5, simply multiply 5 time
the original mAs. The new mAs is 5x2, or 10 mAs. This is
simple method, unless you are changing from one grid rat
another grid ratio. In this case, the formula works great.

Processing

After the xray beam interacts with the patient, the remna
Xxrays contain information
information must be transferred to an imaging receptor. A
common method of recording this image is radiographic fil
When remnant-xays interact with radiographic film,latent
imageis formed. The latent image is not visible until the
radiographic film is processed. Once processed, the latent
image converts to a permanent or manifest image. When
using film, the conversion of the latent image into the

permanent image takes place inside an automatic processo

Before the automatic processo#ay films were hand
processed in tanks of chemicals. Hand processing, perforr
correctly, takes approximately one hour to complete.
Automatic processing can be completed in as little as 30 t
seconds. Inside the automatic processor are ftiued tanks
of liquids: thedeveloperthefixer, and thavash waterAlso
found in the processor is a hot air film dryer. When the film
placed in the processor, it is transported through each of t
liquid tanks and the dryer by a series of rollers and gears.

rollers and gears work together to precisely regulate the
amount of time each film spends in any one tank.

Upon entering the processor, the film is first submerged in

the developer tank. Found within the developer tank are

qtvarious development chemicals. This chemistry interacts with
the film and converts the latent image into a visible image.
From the developer tank, the film is transported into the fixer
tank. Fixer chemistry is responsible for removing all of the
unexposed portions of the film, thus clearing the image. The
fixer also stops any further development of the film and
hardens the image for permanent storage. Once a film has
been submerged into the fixer chemistry, it can be exposed to
white light without damage. Water is found in the wash tank.
The wash water is responsible for removing any developer or
fixer remaining on the film. Then, hot air from the dryer
allows the film to dry before it exits the processor.

As films make their way through the developer and fixer
tanks, chemicals are used as each film is processed. For the
tanks to maintain full levels of chemicals, a replenishment
system is responsible for replacing processor solutions. The

N replenishment system consists of a series of pumps, plastic
S,tubing, and plastic storage tanks. As developer and fixer
2rchemicals are used by film retention, the replenishment
system adds the appropriate amount of chemistry from the
astorage tanks via tubing to the appropriate chemistry tanks in
the processor to replace the used chemicals. This
replenishment allows the developer and fixer tanks to

ni

j constantly operate at full levels, providing the opportunity for
geach new film to enter a full tank of chemicals.
S Problems with processing can affect radiographic density.
a The time each film spends in the developer, the chemistry
otemperature, and the replenishment rate all contribute to
image density. Film is transported throughout the processor by
a series of gears and rollers known as the transport system.
The speed of film transport must be constant to assure each
film spends the correct time in each tank. Any change in Llh
time a film spends in the developer can alter image densi f
Increasing time spent in the developer tank indrease
m . e : .
density. Decreasing time spent in the developer tank will
decreasalensity. Also, the greater the solution temperature,
the more active the developing agents become. An increase in
temperaturéncreaseghe density of the resultant image.
Likewise, a decrease in solution temperatigereases
density on the image. Finally, ovegplenishment of the
developer tank will also increase image density, just as under
n'replenishment will decrease image density.
Film processing is as important as technical factors and
h patient positioning in producing a quality radiographic image.
The importance of maintaining a processor quality control
program cannot be overemphasized. Monitoring processor
jperformance can assistray facilities to more consistently
heproduce optimal radiographic images.
T
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Air -Fluid Levels

The more mass a substance has, the more it is influence
gravity. Substances with a lot of mass (fluid) are influence
by gravity more strongly than substances with very little m
(air). To properly demonstrate an-8irid level within a
patient, the xay beam must be horizontal to the floor caus
the xray beam to pass parallel to thefhiid border. When
fluid or free air is suspected within a patient, an upright im
may be requested. With a patient in the upright position,
gravity forces the heavier fluid to sink as far down as
possible. Additionally, the upright position allows the very
light air to rise as high as possible. To allow the fluid to lay
at the bottom and/or the air to rise, the patient should be
positioned in the upright position for approximately 10
minutes prior to the exposure. If anfiiid level exists, an
x-ray beam horizontal to the floor will demonstrate the leve
Air-fluid levels may be commonly found in the chest,
abdomen, and skull. For that reason, these exams are
performed in the upright position to radiographically
demonstrate the afluid level. An excessive amount of fluid
can cause a decrease in radiographic density and will reqt
an increase in kVp (for more penetration) or mAs (for more
radiation) to obtain a proper image. Examples of excessive
fluid would be an abscess or edema. Edema may be foun
the lungs or may result from an injury such as a sprained
ankle.

Image l4was taken with the coconut in the upright positig
with the image receptor behind it.
The xray beam was directed
perpendicularly to the coconut and
the image receptor, and parallel to
the floor. By utilizing this position
and beam direction, aftuid levels
can be demonstrated. On Image 14
the airfluid level is demonstrated by
a straight line. The coconut water
found inside is heavy and sinks towdrthge 14. This radiograph
the floor. The air found inside is Iightmi;al'j;;‘gvf‘]"ttgg;ﬁigg‘;v"i’t‘#t
and rises. The border between the ajke cR perpendicular to IR.
and fluid is clearly demonstrated on
this radiographic image, even though
there is very little fluid present. Because the water is thicke
than air, it absorbs morerays than air. Therefore, it is
demonstrated as a lighter area in the lower portion of the
hollow cavity on this radiograph. This lighter area on the
radiograph represents less radiographic density. The air ig
very light and does not absorb manyays. Most of the
x-rays hitting the air will pass through the coconut and be
deposited on the image receptor, causing the air to display
a darker structure on the image. Air is demonstrated on th
radiographic image as an increased radiographic density i
upper portion of the hollow center cavity.

In patients with air/fluid levels in the chest and abdomen,
decubitus exams are also used to demonstrate these levels in a
different perspective.

;j Automatic Exposure Devices
n< Proper patient positioning, as well as proper use of the
Automatic Exposure Devi¢AED), if available, should also
nbe part of the radi zglsoagidder 0 s
Automatic Exposure Control (AEC)
acwas first introduced in 1942 by Russe]
"Morgan. This first AED was initially
used for group chest screeninlysage
H illustrates AED placement for an
eupright chest unit. The two gray circle
and the gray rectangle on the center ¢

the unit represent placement of the
automatic exposure sensors. There a Ll‘
several types of automatic exposure :

devices and they each operate with thémage H. AED for an

same basic principle. The AED measurgsght chest unit.
exit radiation emerging from the patient
and will automatically terminate theray exposure when a
iipre-determined quantity of radiation has been received. The
» AED will provide appropriate radiographic densities for
» structures positioned directly above the device. Therefore,
j accurate patient positioning and accurate selection of sensors
are critical when using an AEBwtomatic exposure devices
are accepted as an effective method of maintaining the
consistency of density on radiographic images. Proper use of
automatic exposure devices can reduce patient exposure by
reducing retakes caused by improper radiographic density.

Summary

Radiographic density refers to the overall degree of
blackness or darkness on an image. Density depends on the
amount of radiation reaching the image receptor. As more
radiation reaches the image receptor, the density increases or
becomes darker. Areas where few or rayx photons reach
the image receptor will appear light on the image. It is this
variation in densities on an image that will identify the
anatomy being visualized. Proper density is critical to the
radiographic image; too much density will obscure patient
anatomy and too little density does not allow the anatomy to
be visualized at all. The amount of radiographic density is not

2ra fixed, specific value. Radiographic density may be

considered to be a matter of individual preference as long as
the anatomy in question is demonstrated. The radiographic
density of any anatomy on a radiograph can be measured with
a densitometer.

The technical skill, knowledge, judgment, and integrity of
the radiographer play significant roles in the radiographic
‘images producedProperly exposing a radiograph is often a

Strial and error process, because of the many variables that
n

n
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affect the final radiograpiT.he primary controller of
radiographic density is mAs. The radiographer has control
the mAs used for each exam. There are also several facto
thatinfluenceradiographic density to varying degrees
including collimation, kVp, SID, OID, grids, and processing
The radiographer must develop a procedure that routinely
produces an acceptable density, regardless of the patient
or anatomy imaged. This process may include using (and
making modifications to, when necessary) a working
technigue chart to provide the appropriate mAs, kVp, and
for each exposur®y the accurate utilization of a range of
sophisticated equipment to produce high quality images, tk
radiographer provides radiographic images so that physici
and other health care professionals can better diagnose a
treat injuries and disease. Radiographers must use their
expertise to assess the patient, develop optimal radiograp
technigues, and evaluate resulting radiographic images to
determine if additional images are warranted. One of the n
significant evaluations made by the radiographer is
radiographic density.

Epilogue

One of the most basic principlesgifing greenis to reduce,
recycle, or reuse whenever possilitecycling is the process
of turning the useful parts of one product into a new produ
this is done to conserve on the consumption of resources,
energy, and space used in landfillee coconut used
throughout this project was purchased at a local grocery s
It performed dutifully, without complaint, for this entire
project. As mentioned earlier, coconuts have a variety of u
In an effort to be morgreen at the conclusion of this projec
the coconut performed one last task. Instead of being
discarded and ending up in a landfithage Jillustrates the
final task of the coconut. To try this final task for yourself,
follow the directions listed below.

Cake Ingredients:
1 (18.25 ounce) package yellow cake mix
1 (3.5 ounce) package instant vanilla pudding mix
1 1/3 cups water
4 eggs (beaten)
1 % cups vegetable oil
1 1/3 cups grated coconut

Frosting:
1 1/3 cups butter, softened
2 (3 ounce) packages cream cheese
3 1/3 cups powdered sugar
4 teaspoons milk
1 % teaspoons vanilla extract
1 cup (or more) grated coconut

Directions:

Preheat oven to 325°F. In a large bowl, combine cake n
pudding mix, water, eggs and oil. Blend for 4 minutes. St
in coconut. Pour into a greased Bundt pan.

Bake at 325°F for 60 minutes of
until done. Allow to cool for 15
0 minutes. Remove from pan.

IS Frosting: Mix butter and cream
cheese. Alternately add milk and
- powdered sugar. Add vanilla. |
~ Stir in some of the coconut.
Si

.. . Image J. Cake made from
Spread icing on cake and sprinki8conut used in experiments.

with the remaining coconut.

iov!
S| Enjoy! J W/
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Direct Reading DR-058

The Coconut
Demonstrating Radiographic Density

by Terry Seals, MS, RT(R)(T)(ARRT)

1. X-ray photons are very energetic and highly penetrati
because of their .
A. differential absorption
B. short wavelength
C. long wavelength
D. attenuation

2. X-rays were discovered in 1895 by whom?
A. Wilhelm Roentgen
B. Marie Curie
C. Gustav Bucky
D. Hollis Potter

3. Which of the following is used to protect patients and
health care workers fromnays?
1. lead gloves
2. goggles
3. aprons
4. shields
A. 1&2only
B. 2&3only
C. 1,3,&4only
D. 1,23, &4

4. The negatively charged electrode found inside thayx
tube is called the cathode.
A. true
B. false

5. X-rays are harmful to human tissue.
A. true
B. false

n6. When a primaryxay beam interacts with a patient
during a radiographic procedure, which of the following
might happen to the photons?
1. photons might be absorbed by the patient
2. photons might hit tissue in the patient and change
their direction of travel
3. photons might pass through the patient and leave
the patient as remnanirays
4. photons might be absorbed by the image receptor
prior to reaching the patient
1&2only
1 & 3only
1,2,&3only
1,2,3,&4

oOwp

7. A device that receives radiation exiting the patient after
an xray exposure is known as a/an
A. anode
B. densitometer
C. image receptor
D. collimator

8. The primary beam can be found where?
exiting the patient

exiting the xray tube

exiting the grid

exiting the automatic exposure device

00>

9. X-ray photons that interact with matter and change their
direction of travel are known as

scatter radiation

attenuation

transmitted photons

radiopaque

00wy

(Continued on pagt?)

| See page 15 for instructions on the Answer Sheet Insert I
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(Continued from pag#6) 17. When scatter reaches the image receptor, how is the
10. Differential absorption can be described as: image affected?
A. the redirection of a photon A. increased density
B. the device containing the latent image B. decreased density
C. the termination of the exposure when the C. no change
appropriated amount of radiation is received D. improved radiographic detail
D. the variation of beam attenuation as it passes
through different structures 18. The penetrating ability ofpay photons is determined
11. The amount of overall darkness evident on a gy trr:&
radlogr_a_p_hlc image is known as: B. exposure time
A. definition C. SID
CB:. ((:jontrgst D. kVp
. density
D. recorded detail 19. Kilovoltage peak can be used to change radiographic
12. What is the primary controlling factor for radiographic ~ density by using the:
density? A. Inverse Square Law
A. SID B. Density Maintenance Formula
B. kVp C. 15% rule
C. mAs D. doubling rule
D. processing ) ) ) ) ) )
20. Which of the following will provide a high quality
13. If the radiographic density on an image is excessive  radiographic image with the least patient exposure?
and the image must be repeated, which of the followir A, high kVp, high mAs
would be appropriate for the repeat? B. high kVp, low mAs
A. double the mAs C. low kVp, high mAs
B. increase kVp by 15% D. low kVp, low mAs
C. decrease the SID by the square of the distance _ _ _
D. decrease the mAs to ¥ of the original 21. 1f 10 mAs is used for a radiographic exam and the
image is too light (has insufficient density), which of
14. Radiographic density increases when increases  the following changes will most likely provide an
1. SID appropriate density?
2. processing temperature A. 25mAs
3. mAs B. 5mAs
4. kVp C. 10 mAs
A. 1&2only D. 20 mAs
B. 1,2, &3only . o
C. 2,3, &4 only 22. The distance from the source of radiation in thayx
D.1.2.3 &4 tube to the image receptor is known as the:
B A. object to image receptor distance (OID)
15. Reducing the size of the primaryay beam to the size B. source to image receptor distance (SID)
of the anatomy is known as: C. source to object distance (SOD)
A. collimation D. cathode to film distance (CFD)
B. attenuation .
C. absorption 23. The Inverse Square Law describes how:
D. the Inverse Square Law A. beam intensity varies as the distance from the
beam changes
16. One method gdroducingless scatter during anray B. the distance from the beam varies because the
exposure is to: intensity changes
A. use a grid C. a 15% change will change density
B. collimate D. processing temperature changes density
C. increase processing time (Continued on pages)
D. increase mAs
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(Continued from pag#7) 31. A moving grid can be called which of the following?
24. If the SID for a radiographic examination is increased 1. PotterBucky diaphragm

and nothing else is changed, what happens to the 2. reciprocating grid

radiographic density? 3. differential grid

A. decreases 4. stationary grid

B. increases A. 1&2only

C. no change B. 1,2, &3 only

D. need more information C. 2,3,&4only

D. 1,2,3,&4

25. A radiograph is exposed using 2 mAs and a 40 inch
SID. If the SID is changed to 80 inches, what mAs | 32. The material found within a grid that absorbs radiation

would be required to maintain the density found on thi  is made of:
original image? A. plastic
A. 0.5 B. aluminum
B. 1 C. lead

C. 4 D. copper
D. 8

33. The material found within a grid that allowsay
26. A radiograph is exposed using 2 mAs and a 40 inch photons to pass through is often made of:

SID. If the SID is changed to 20 inches, what mAs A. plastic

would be required to maintain the density found on thc  B. copper

original image? C. lead

A. 05 D. tungsten

B. 1

C. 4 34. The efficiency of a grid is determined by the:
D. 8 A. weight of the grid

B. width of the grid
C. age of the grid

27. To calculate the appropriate mAs to use when chang

the SID, the is used. D. grid ratio

A. Inverse Square Law formula

B. Density Maintenance Formula 35. A radiographic exam was performed and no grid was

C. 15% formula used. It is decided that the image should be repeated

D. source to image receptor formula and a grid should be used for the repeat. Which of the
following would be appropriate for the repeated exam,

28. Increasing the _ will cause magnification of the except for chest?

anatomy on the radiographic image. A. decrease the kVp

A. mAs B. increase the kVp

B. SID C. decrease the mAs

C. Processor temperature D. increase the mAs

D. OID

36. A radiographic exam was performed and no grid was

29. Whenever possible, the radiographer should strive thr  used. For this image, 75 kVp and 4 mAs was used. It

use the smallest: is decided that the image should be repeated and a 10:1
A. SID grid be used for the repeat. Which of the following

B. OID factors would be appropriate for the repeated exam

C. kvp (except for chest)?

D. processor A. 65 kVp and 4 mAs

B. 65 kVp and 8 mAs

30. A grid is a device that is used to decrease the amoun C. 75 kVp and 2 mAs
scatter produced within a patient. D. 75 kVp and 20 mAs
A. true

B. false (Continued on pagt9)
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(Continued from pag#8)
37. A low ratio grid (6:1) is less efficient than a high ratic

38. It is important to use a grid when radiographing whic

39.

40.

41.

42.

(16:1) grid in absorbing scatter before it reaches the
image receptor.

A. true

B. false

of the following adult body parts?
1. hip

2. chest

3. pelvis

4. hand

1&2only

2 & 3 only

1,2,&3only

1,2,3,&4

ooy

The invisible image found on the image receptor pri
to processing is called the image.

A. manifest

B. permanent

C. latent

D. attenuated

What type of photons can be found in remnant or exi

x-rays?
1. primary
2. absorbed
3. scattered
4. leakage
A. 1&2only
B. 1&3only
C. 1,2,&3only
D. 1,23, &4

Which of the following represent the correct order of
events found within an automatic processor?
A. fixer, developer, wash, dry

B. fixer, wash, develop, wash, dry

C. developer, fixer, wash, dry

D. developer, wash, fixer, dry

The image on a radiograph is first considered
permanent when the film has reached which of the
following tanks?

A. developer

B. fixer

C. wash

D. dryer

43
D

=)

r44.

45,

46.

47.

48.

49.

. Film is moved through an automatic processor by

which of the following?

A. transport system

B. aBUS

C. aseries of levers and pulleys
D. replenishment system

As film moves through an automatic processor,
chemistry is used. Which of the following is used
to maintain each tank at the full level?

A. transport system

B. aBUS

C. aseries of levers and pulleys

D. replenishment system

As the temperature of chemistry in an automatic
processor increases, what happens to radiographic
density?

A. no change is apparent

B. need more information

C. increases

D. decreases

An airfluid level within a patient may be visualized
when the primary xay beam is positioned:
perpendicular to the floor

parallel to the floor

need more information

the position of the-kay beam does not matter

oOwp

An Automatic Exposure Device is designed to:
begin the xray exposure automatically

absorb scatter that has been created inside the
patient

regulate processor temperatures and speeds
terminate thexay exposure automatically

w >

C.
D.

A device that is used to measure the density on a
radiograph is a:

A. sensitometer

B. thermometer

C. densitometer

D. optimizer

The position of the patient is critical in order to
properly use a/an:

1. attenuator 3. AED

2. densitometer 4. Bucky tray
A.1,2, &4 only
B. 2,3, &4 only
C.3 &4 only
D.1,2,3,&4

(Continued on pag20)
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(Continued from pag#&9)

50. Radiographic density is influenced by many technical
factors under the control of the radiographer. R E S
A. true
B. false

51.Did you enjoy this Article?

Please also answer the following questions on your Answer C I aSS e S
Sheet. The answed® notcount toward your score.
A. yes
5 no Also
C. undecided
52. Would you prefer to read these Articles online? S atl S
A. yes

B. no

C. undecided YO u r

53. Would you prefer to take these Quizzes online?
A. yes ( E
B. no

C. undecided W1
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