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This Is a Critical
Notice in the Timing
of Obtaining Your
Continuing Education
(CE) credits

When you sign your
two -year license renewal
form, the small print
above your signature
states that you agree that
you have complied with all
the CE requirements  for
the two (2) previous
calendar years.

Notice that this does
not say forthe two years
of your biennial renewal
period.

The way the Medical
Board staff is conducting
audits is to look at the
calendar years prior to
your two -year license
period . So, you might have
all the credits you are
required to have within
your biennial license
period , but not necessarily
have them spaced out in
the two previous calendar
years.

two

The safest way for
you to be sure that you
are always in compliance
with any audit, is to
obtain ten (10) CE
credits each year .

X-Ray NewsE
has always offered ten (10)
credits per year. Published
4 times per year in
calendar quarters, the 1 st
Quarter of the year, the
Jan -March issue, has four
(4) credits in the CE
article. The 2 nd Quarter
issue, Apr -June, has two
(2)CE credits, the 3
Quarter issue, July -Sept,
has two (2)CE credits, and
the 4 th Quarter issue, Oct
Dec, ends the year with
two (2)CE credits. This
totals ten (10) Board -
Approved CE credits per
year.

XRN offers one -year or
multiple -yr subscriptions;
S0, as long as you read the
CE Articles and send in
the Answer Sheets timely,
you are covered for ten

( Xrequired N

(10) CE credits per year .
And if you keep your
subscription running, you
will

always
have the
N -
credits \
in any
year
that you might be audited.
Most subscribers
prefer to have XRN in
hand to read at their
convenience. But it is also
available to read online.
And remember, if you
move, notify XRN and the
Board of Medical
Examiners within thirty
(30) days.
X-Ray
WWW.resxrn.com
The Medical
website: go to
www.resxrn.com , click on
Links , then click on
Tennessee: Health Related
Boards.
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RES Offers Review Online Courses

RES has for several
years supplemented
their courses with online
content. This has
resulted in more study
time per student since
they can study at their
own pace. More study
time results in a better

score on the Limited
ARRT exam.

This online content is
now available to anyone
in the form of a review
course. If you need
additional study
materials before you take
the Limited ARRT exam,

or if you failed your
Limited ARRT exam and
need help, then this is
the place for you.

Email ann@resxrn.com

with your questions or to
find out how to sign up
today.
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techs. We will include items as long as
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Clinical Sites

Wanted
Are you interestec
In becoming a
clinical site for the
limited
X-ray program?

Contact Ann for details
at ann@resxrn.com

LETTERS TO THE EDITOR

Dear RES,

Ann, | am letting you know that
1/ did pass the core and extremities
parts of the ARRT examination. It
/s such a relief to be done with this
part. | again want to thank you for
all that you did to make this
possible. You have a very good
online program and were so
helpful. It was just a comfort
knowing that if | had a problem |
could contact you and get a
response in an appropriate time.
Thank you.

TA, South Dakota

Dear RES,

Just a note to let you know |
enjoyed the spine class last fall. The
teacher made it interesting and
covered the material thoroughly.

GF, So. Pittsburg,

Dear RES,

Hel l o Anné Good neljy
my test! This is a true answer to
omanyo prays! | tol
need a perfect score - | just NEED
to pass and | did! It has been a huge
relief. | just want to thank you for
Yyour help and support with all my
questions and for letting me bend
Yyour ear during my frustrating
times. Being a non  -tradiitional
student [ sndt easy.
RES online program was very
beneficial in my passing. We have
told our supervisors that this is the
way to go. Hopefully someday
South Dakota will be able to
devel op our own pr o
youbve heard from o]
well. We just cried with joy! If you
ever venture this far north, it
would be great to meet you! If
desire to see snow or feel sub -zero
temps, come anytime Nov. to April!

We think spring is here now. Have
a nice Memorial Day week -end/!
Again, Thank you! Sincerely,

PM, South Dakota

onfllof the content in any
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TEST YOUR KNOWLEDGE

1. Which of the following refers most
specifically to the diaphragm?

a. costal

b. chondral

c. flexure

d. phrenic

2. What is the area of interest when
performing an apical lordotic radiograph?
a. lower lobes
b. heart
c. apices of the lungs
d. bony thorax

3. The larger the patient, the more
scattered radiation is produced.

a. true

b. false

4. If you use 15 mAs on an exposure, and
you wish to double the radiographic density
on a repeat, then the new mAs must be:

ANSWERS TO
TEST YOUR KNOWLEDGE

1amal - q°g

anl - e’'g

sBun| ayy Jo sadide - 2 °g

ouaiyd - p'1

Only those who will risk going
too far can possibly find out
how far one can go.

DID You KNOW?

b Thatin 1918, Eastman introduces
radiographic film. Until then, radiographs
were made on glass plates.

b That in the 1950s, the image intensifier
and x-ray television were developed.

b That in 1896, the 1st vaccine for
typhoid fever was developed.

b That in 1887, the contact lens was
invented by Adolf Frick.

b That in the town of Muskogee,

- 6A
b. 15 T. S. Eliot Oklahoma, there is an old city ordinance
c. 30 which states that no ball team should be
(_j' = o - _ We should not let our fears allowed to hit the ball over the fence or
g.raL)Jlsslng a grid will result in a film with hold us back from pursing our out of the ball park.
a. more hopes.
5, VR John F. Kenned
FUN TIME!
T K DX N R H QWMIK T W V C C L ML . =
The words used in this word seargh
M H L J K Y K I L OV O L T A G E L W puzzle are taken froMR-059
T M NG 7z 6 7z NS EPARATEMWK. s Controlling Radlogre_\phlc Contrast
through Understanding
u I T vV N B C ON TR A S T Q K W K E contained in this issue. Words may
N N S R KHGBETAIRGPORTP P AR read normally, from right to left,
bottom to top, top to bottom, or on]
A K W S M L V Y T K CN V C K X W E U any diagonal.
Solution is on page 2.
C N NMU Z G N I CNEU L F N I T T structures
CcC cC VGG G E Q J L L L L HY J VCATC visibility
contrast
E R E T E M O R T ENTEZPI R L O Z R U anatomic
unacceptable
P DR KR Y M E J G Y V E DN L P TR contributed
T B E Q B D Q T S T NCF T X NE S T influencing
recorded
A T T b T AT zZ | O E Z R L M K N N S demonstrate
optimum
B VvV T V R Y N L L P D I Q U X J E O R separate
L R A Y Q Ol A TOCOUBGMRTWT M D tissue
penetrometer
E L C T M B C O T U M I K K N M R E N penetrate
receptor
B L S A I YR E T O TH L R H C A D B kilovoltage
H WE S MU RFEU R PMY Z Z M CTWOQ gppropnate
ose
C B I M F L DK O KH I DG MR E N P scatter
beam
T V M Y J X L D Z K B K C R K H F L T
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Direct Reading DR-059

Controlling Radiographic Contrast through Understanding
by Terry Seals, MS, RT(R)(T)(ARRT)

There are four image properties within a radiographic image, which are
critical for determining diagnostic quality. ThisissueeRay Ne ws E,
Apr-Jun issue, discusses Radiographic Contrast.

The JanMar issue discussed Radiographic Density. TheSag issue will
discuss the remaining two image properties, Radiographic Detail and Distort

X-rays were accidentally discovered in Germany on
November 8, 1895, during cathode tube experiments
conducted byilhelm Conrad RoentgeRoentgen spent
the next few weeks exhaustively researching and obser|
his new rays, which he namedays, ax is the
mathematical symbol for unknown. During this time,
Roentgen determined several characteristicsrays:
x-rays were completely invisible, traveled in straight line

could not be reflected or refracted, and were unaffected k

magnetic fieldsRoentgen received the first Nobel Prize i
Physics in 1901 for his discovery ofays.

The news of Roentgenés
investigative tool spread quickly throughout the world.
The medical community was eager to know and unders
the impact of his finding. The possible diagnostic uses @
x-rays were astounding. Six months following Roentgen'
breakthrough, physicians were usingays to locate
bullets and other foreign objects in patients. What was nc
known at the time was that the unseeamys were causing

dii

permanent damage and often led to drastic consequence

for early experimenters. Within the first few years after t
discovery of xrays, the lethal effects became apparent.

Unknowingly and unfortunately, some of the early pionee

becameadiation martyrs suffering overexposure that

required the amputation of limbs, caused malignancies,|a

even caused death. Eventually, the dangers were
recognized and protective devices developed. Protectiv
measures for-xay operators include: minimizing the
time of personal exposure, 2. maximizing the distance fro
the xray tube, and 3. maximizing the use of shielding.

Scientists everywhere co
experiment because the cathode tube was very well kng
In January of 189@)r. Henry Louis Smitha physics
professor at Davidson College in North Carolina, read

about the discovery of-rays. He realized that Davidson

College possessed the right equipment to duplicate

Ro e nt grayrepsriments. Dr. Smith was soon able to
P'use xrays to assist doctors at a local hospital. Dr. Smith

used his xay machine to locate a broken needle in a

manbs knee. This procedure

.medical uses of-rays in the United States.

Radiographyis the art and the science of producing
radiographic images. -¥ay operators simultaneously use
their knowledge of anatomy, patient positioning, physics,
exposure factors, communication, radiation protection, and
patient care skills. Aigh quality radiographic image is an
invaluable asset to the clinician as a diagnosis is
determinedThe quality of a radiographic image is not easy
_to define and cannot be precisely measured. The term

''radiographic quality refers to the accuracy with which the
anatomic structure being examined is imaged on the
o Oradiograph. Therefore, a radiograph that authentically
freproduces anatomic structures is generally identified as a
Shlgh guality radiograph.

ct is the responsibility of the-ray operator to ensure that
each image is a high quality radiograph. The customary
objective in radiography is to produce a quality image
hshowmg the highest amount of detail possible. This
requires precise control by the operator of a number of
different variables that affect image quality. Radiographic
contrast and density are photographic properties that
comprise visibility of detail. When visibility of detail
exists, the image is visible to the human eye because
satisfactory contrast and density permit structural details to
be identified. With the correct combination of exposure
factors, contrast and density can be controlled so that
anatomlc detail is clearly defined.

Radiographic Density

v Radiographic densitis the amount of overall blackness

(darkness) evident on the image after processing. The
(Continued on pags)
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image must have sufficient density to visualize the
anatomic structures of interest. An image that is too ligh
has insufficient density. Conversely, a radiograph that is
too dark has extreme or excessive density. In either cas
the anatomy is not well demonstrated. Thayx operator
should evaluate the overall density on the radiograph to
determine whether it is adequate to appropriately visual
the anatomy. The-ray operator must also establish if the
radiographic image is diagnostic or unacceptable. The
ability to determine when a radiograph is unacceptable
result of either insufficient or excessive density requires
knowledge of radiographic factors that manipulate dens
as well as clinical experience. If an image is deemed
unacceptable due to a density problem, it is necessary t
determine what factor (s) contributed to the density erro
Knowledge of factors that affect radiographic density is
critical to developing effective problesolving skills.
Factors thatlirectly affect density are considered
controlling factors whereas factors thatdirectly affect
density are consideredfluencing factorsThe controlling
factor for radiographic density is milliamperage-
seconds (mAs)There are a number of influencing factor
which were discussed XRN V15, No Jlthe JarMar

issue.

Radiographic Contrast

Contrastis defined as the difference in radiographic
density between adjacent portions of an image. The
primary function of contrast is to make recorded detail
visible. The degree of difference in density between two
adjacent structures determines whether an image has h
contrast or low contrastigh contrasimages havéew
gray shades and are mostly black and white. Images wi
few shades of gray are considered to lehat scale
contrastLow contrasimages contaimanyshades of gray
and demonstrateng scalecontrast.

Adequate contrast is a key factor in the visibility of
detail. Since contrast is a difference in densities, at leas
two different densities must be present for contrast to e
It is possible to have density without contrast; however,
is not possible to have contrast without density. Images
with low contrast have little density difference. These
images have a flat, gray appearance, making it difficult t
differentiate one density from another. Images with too
much contrast have a more black and white appearance
These images demonstrate some areas that are very dg
and others that are very light. It is extremely difficult to s
detail on images with very low contrast or very high
contrast. Optimum contrast provides sufficient difference
in density to be able to easily identify details.

The overall contrast seen on a radiographic image is

referred to asadiographic contrast or image contrast
Radiographic contrast is the product of two separate

t contrast factorsl. thesubject (patient anatomy) contrast,

and the2. image receptor (film) contrasthe tissue
edensityin the patientand thekilovoltage(kVp) used during
the exposure create the subject contrast. The typeayf x
film used and the processing chemicals create the image
zreceptor (film) contrast. Radiographic contrast can be
significantly influenced by changes in either subject
contrast or film contrast. In the clinical setting, typically

asthe film contrast is standardized, and the subject contrast is

altered by the kVp based on the needs of each examination.

Y A penetrometeis a radiographic testing device, usually
made of aluminum, consisting of a series of steps of
Oincreasing thickness and can be used to visually illustrate

I contrast. Because of its shape, a penetrometer is also

referred to as atep wedge
Image Ashows an aluminum
penetrometer with 16 steps of]
varying thickness. When
radiographed, the thinnest
steps of the penetrometer will
S appear dark on the resulting
image. This is because most
the xrays are not absorbed by
the thin aluminum and
eventually hit the image receptor (film). The thicker
aluminum steps will absorb many of theays, preventing
them from reaching the film. This absorption will cause the
thicker steps to appear lighter on the imag
icSteps located between thin and thick will
appear as different shades of gray, depend
thon their thickness. The difference in the
adjacent shades of gray on the penetromet
image illustrates contrast. Long scale contr
is demonstrated dmage Bwhich is a
radiograph of the 16 step penetrometer. Th
t lighter steps at the top of the image repres
ithe thickest part of the penetrometer. The
itdarker steps at the bottom of the image
represent the thinnest part of the
penetrometer. The many shades of gray

mage A. 16 step aluminum
penetrometer

Image B.
Radiograph of

obetween the top and the bottom demonstrate 16 step

netrometer
onstrating
long scale
contrast

contrast, the difference in radiographic dens
2. between adjacent portions of the image.

¥'Subject Contrast

€ An important characteristic ofpay photons is their
ability to penetrate human anatomy. Theaxs (photons)

® found in a diagnostic-ray beam have a variety of energy.
Therefore, the penetrating ability of each individuahy

(Continued on pagé)
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varies, depending on its energyrays with higher energy
can easily penetrate anatomy and reach the image rece
The xrays with lower energy are unable to penetrate
anatomy and are absorbed by the patient. If-ediys
entering a patient were able to penetrate the entire anat
and reach the image receptor, the radiographic image
would contain only one very dark density and would not
provide a useful image. Contrast would not exist if all
x-rays in the beam penetrated anatomic parts equally.
Kilovoltage Peak (kVp)

Kilovoltage (kV) and kilovoltage pealkVp)refer to the
same thingThe kVp determines the penetrating power g
the xray beam. If the kVp is low,-rays with lower
penetrating ability are produced. If the kVp is high, the
x-rays produced will have increased penetrating ability.
manipulating the energy of the beam with kVp, contrast
can be changed. The kVp selection is under the control
the xray operator. Since kVp controls the penetrating
ability of the xray beamthe controlling factor for
contrast is kVp. When kVp is increased, the penetrating
ability of the xrays increases and fewerays are
absorbed by the patient. Because of this more uniform
penetration of the anatomy, more photons reach the ims
receptor. When more-pay photons reach the image
receptor, radiographic contrast decreases and many sh
of gray are visible on the image (long scale contrast).
Image B demonstratésw (long scale) contrastor
Image B, 70 kVp was used. On the image, many shade
gray are visualized and the difference between adjacen
steps is minimalWhen kVp is decreased,
x-rays are more easily absorbed by the thicke
parts of the patient and will only penetrate th¢
thinner parts. The result of this decreased
penetration is an increased contrast, a more
black and white image
displayinghigh (short
scale) contrastimage C
demonstrates short scale

contrast. For Image C,
- 40 kVp was used. On the
magec. image, the thicker steps a
Radiograph otthe top absorbed all of the
aléstep y._rgys resulting in
penetrometer .
demonstratingS€Vveral of the thickest
short scale  steps appearing identical.
contrast  Few different shades of

) : Image D. Examples of
gray are visualizedmage Dplaces the short scale contrast on

b . eft and long scale
image of the short scale/high contras{ontrast ongright for

on the left, and the image of the long comparison
scale/low contrast on the right for comparison.

acLong scale contrast increases

apreferred for chest radiography.

S short scale contrast. The lower kvp
I used for Image F does not provide

clproperly penetrate the chest. More g
£ the lower energyxays are absorbe@

Appropriate contrast is not the same for all body parts.
The major consideration when evaluating contrast is
pverification that a proper range of densities is visible on the
image in order to demonstrate the anatomy of interest.
Proper contrast must demonstrate enough distinctly
odifferent densities to sufficiently visualize the anatomy.
The ability to recognize appropriate contrast is mostly the
result of reliable clinical experience.

Images E and Eemonstrate the effect that changes in
kVp have on contrast. Both images
are of the chest. Image E was
exposed using 110 kVp and

f demonstrates low (long scale)
contrast. This is due to the high kv
setting. This high energy-pay beam

Bwas able to penetrate even the §
thickest anatomy to reach the imagda#

oreceptor resulting in a grayer image
Because of the many shades of gra
many anatomical structures are
visualized such as gas bubbles in thgging 110 kvp
abdomen, individual thoracic demonstrating long scale
vertebrae, ribs, scapulae, and the he&rf"2st

Image E. Chest image

visibility of detail and is usually

Image Fwas exposed using 50 kVp
and demonstrates high contrast or

adequate energy for therays to

by the anatomy rather than reachingmage . chest image
the image receptor. Most of the&ys using 50 kvp
that reach the image receptor demonstrating short scale

. contrast
penetrated the afilled lungs.
Therefore, this image is very black and white, representing
high contrast or short scale contrast. Because of the limited
shades of gray, many anatomical structures are not
visualized. For instance, the gas bubbles in the abdomen
are barely visualized and the thoracic vertebrae appear the
same shade of gray as the heart and are not clearly
visualized. Short scale contrast works well for extremity
radiography.

The kVp also affects the radiation exposure (dose)
received by the patient. When the kVp is increased, the
dose to the patient can and should be decreased. Selection
of the appropriate kVp becomes a balance between optimal
image contrast and the lowest possible radiation dose

(Continued on pag@é)
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(mAs) to the patient. In most situations, the highest kvp
and lowest mAs that will yield sufficient diagnostic
information should be used on each radiographic
examination. The combination of high kVp and low mAsg
that results in the least exposure to the patient is referre
ashigh kV, low mAsechnique. It is also one of the most
important factors toward affecting tAe ARAprinciple.

Scatter

In addition to kVpfoghas a significant effect on contrast.

Fog is an undesirable overall increase in radiographic
density on the image.-Kays creating the image are from
two sourcesprimary xrays and scatter-xays Scatter
X-rays are created when primaryays hit patient anatomy
and their direction of travel is changed. Scatteays do
not provide any useful diagnostic information on the
image. Scatter-xays reach the image receptor from all
directions and produce a fairly uniform density over the
entire image. This veil or haziness on the image is know
as fog. When fog is present, the effect is as if the image
being viewed through a cloud. Therefore, the image is
degraded. This increased density over the entire image
causes a decrease in contrast. The presence of scatter
radiographic image decreases contrast by adding
undesirable grays.

Any change in the size of the primaryay beam will
alter the amount of primary radiation reaching the patier
and film. The primary beam size can be changed by the
operator with the help of a beam restrictor. The leading
beam restrictor used today is twlimator. The collimator
allows the operator to maneuver or collimate the size of
primary beam by moving opposing sets of lead shutters
These sets of lead shutters can be independently
manipulated to provide numerous square or rectangular
beam sizes. Increased collimation results in a smaller b
size. This tighter collimation of the primaryray beam
reduces the number of primary photons reaching the pa
and thus reduces the patient exposure. Because less
primary radiation is administered to the patient, this in t
reduces the amount of scatt
radiation producewithin the
patient. A smaller beam size
produces less scatter,
increases contrast, and redu
the dose to the patient. In mg
modern xray machines, the
collimator is attached to the
x-ray tube housing and can
easily be usedmage Gshows Image G. Collimator attached to
a collimator attached to the ~thexray tube housing
x-ray tube housing. Another

=

CES
st

~

useful feature of the collimator is a light source which
allows the operator teeewhere the xay beam will enter

the patient by outlining the exposure field. This feature is a
significant help when positioning the tube, the patient, and
the image receptor for an exposure.

d As the size of the anatomy increases, so does scatter. It is
not possible to control the thickness or the size of the
patient being examined. However, the size of the primary
x-ray beam should always be reduced or collimated to the
smallest possible size to adequately include the anatomy of
interest (AOI). As the primary beam is reduced in size, less
scatter is produced inside the patient, thus less scatter is
available to reach the image receptor. Less scatter reaching
the image receptor causes contrast to increase due to fewer
scatter grays.

The purpose of using collimation is to reduce
unnecessary exposure to the patient and to improve
radiographic contrast by reducing scatter interactions in the

V'patient. An overabundance of scatter causes increased fog
lon the image which in turn produces poor radiographic
contrast. Proper collimation is the responsibility of the
X-ray operator.

OGrids

Although collimation is effective in improving
radiographic contrast by reducing scatter, even if proper
collimation is used, the anatomy being radiographed will

produce sufficient quantities of scatter to cause fog on the
image. Preventing scatter from reaching the image receptor
will improve the quality of the image by increasing
contrast. Agrid is a device that is placed between the

t|patient and the image receptor to absorb scatter. The first

- grid, a grid diaphragm, was createdy Gustav Buckyn
1913. This grid was stationary, and due to its construction,
was not very practical. A

Eistationary grid is seen in
Image H Dr. Hollis Potter

Ui mproved Dr.
invention by creating a

I'system that would move
the grid during the
radiographic exposur&he
purpose of this movement
to blur out the grid lines
which would be
objectionable on the image. Mostay 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 tray, the grid is utilized. This grid and the
movement mechanism are known as a reciprocating grid
and also called Rotter-Bucky diaphragnfior the inventors.

(Continued on pag8)

Image H. Stationary grid




