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The Tennessee Board of Radiologic Imaging and Radiation Therapy is still 
working on implementing the new rules. Once the process is completed, the 
proposed rules will once again go through a lengthy rule making process. They 
will not affect your license until these proposed rules are approved. X-Ray News 
will notify you whenever the final version of the rules come into effect. Here are 
some of the changes that might affect your license upon approval: 

1. The passing score for the limited examinations will change from 65% to 
70%. 

2. The due date for proof of attendance and completion of the required 
continuing education hours will be each license holder’s biennial renewal 
due date. 

3. The 2 special credits on rules and ethics will be removed from the rules.  

4. Required continuing education (CE) will increase to 24. This increase will 
begin at the date of your first renewal with the Board of Radiologic 
Imaging and Radiation Therapy.  You are still under the old CE rules until 
you renew with the new board. 

Changes Coming to your License 

If you renew your license next year in 2024, you need to complete your 20 CE 
credits by December 31, 2023 to be compliant with current state rules. 

Even though you must complete your CE credits within the 2 preceding calendar 
years, the due date for proof of that completion is not until your biennium 
renewal due date. 

Renewing in 2024? 

Limited Scope Exam  

Limited Scope Testing (LST) provides application processing services for 
eligible students wishing to sit for the American Registry of Radiologic 
Technologists (ARRT) Limited Scope of Practice in Radiology examination and 
the Bone Densitometry Equipment Operator examination for the state of 
Tennessee. All exam results are emailed. Information is provided at 
www.limitedscopetesting.com. 

http://www.limitedscopetesting.com
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1. You must obtain 20 
continuing education 
credits every biennial 
period. The easiest way to 
accomplish this is to 
subscribe to X-Ray News 
on a yearly basis. X-Ray 
News will provide 10 CE 
credits each year if 
completed timely. 

2. These credits must be 
completed in the 2 
calendar years prior to 
your renewal date i.e. by 
the end of December the 
year before you renew. If 
you renew your license 
next year in 2024, then 

you will need to complete 
your 20 CE credits by 
December 31, 2023. 

3. Your renewal period is 
every 2 years with the 
renewal date being the last 
day of your birth month. If 
you were born in an odd 
year then your renewal 
year will always fall in an 
odd year and vice versa. 

4. Be sure to keep your 
address current with the 
state so you will receive 
your notice to renew. This 
is your responsibility. The 
state does not forward 
mail. You can update 

your address online at       
www.x-raynews.com 
under TN X-Ray License 
on the top menu. Under 
the heading TN State        
X-Ray Links click on the 
link License Renewal & 
Address Update. 

A Continuing Education Publication for Limited Radiographers 

Important Facts to Remember  
About Your TN Medical X-Ray License 

X-Ray News Office and Staff 
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Donna Smith, editor 
Ann Watson, technical editor 
James Becker, production assistant 

X-Ray News Office 

420 E Iris Drive 
Nashville, TN 37204 
Phone: 615-292-5006; Fax: 615-292-5009 
Website: www.x-raynews.com 
Call or email us for: 
• Subscription questions 
• Submitting an article for publication 
• Placing a classified radiology ad 

All Rights Reserved 
All articles, illustrations, and other materials carried herein are 
protected under U.S. copyright laws, and all rights thereto are 
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X-Ray News (XRN) has performed diligent efforts to determine 
that all content is factual, and has obtained all rights to use any 
information or excerpts in all required instances. XRN denies all 
claims of liability regarding the content, or any action taken by the 
reader’s erroneous interpretation of the content in any XRN Issue. 

is published 3 to 4 times per year  
with each issue containing 2 or 4 credits. 

 

A yearly subscription provides 10 CE credits for TN medical or osteopathic limited x-ray licensees. 
Single issues will provide the necessary credits for TN podiatric x-ray licensees. 
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Tennessee Health Related Boards. 
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• Smelling rosemary may 
increase alertness and improve 
memory so catch a whiff before 
a test or important meeting. 

• People with high blood sugar 
levels are more likely to 
experience cognitive decline. 

• The human body has more than 
650 muscles. 

• Practicing good posture can 
boast your energy levels. 

• Laughing is good for the heart 
and can increase blood flow by 
20%. 

• Exercise will give you more 
energy, even when you’re tired. 

• Antioxidants in chocolate 
improve blood flow and protect 
against UV damage. 

• An apple a day does keep the 
doctor away. Apple can reduce 
high levels of cholesterol to 
keep your heart healthy 

Puzzle Challenge 

X-Ray Quiz 

What ever you 
are, be a good 

one. 
Abraham Lincoln 

The words used in this puzzle are taken from the article, DR-110: Digital Imaging.  Words may read normally, from 
right to left, bottom to top, top to bottom, or on any diagonal. 
Solution is below. 

Puzzle Words 

ALARA 
automatic 
barium 
camera 
computer 

contrast 
digital 
ionization 
luminescence 
monitor 

phosphor 
photostimulable 
pixel 
tethered 
transistor 

2. This determines digital images 
ability to display a greater 
number of shades of gray over 
traditional film for superior 
contrast resolution. 
A. pixel (bit) depth 
B. pixel pitch  
C. matrix pitch 
D. matrix size 

Amazing Facts 

1. Measuring the distance from 
the center of 1 pixel or del to 
the other determines what?  
A. pixel to pixel pitch 
B. del to del pitch 
C. the pixel and or del pitch 
D. matrix size 

3. Which post processing application allows 
the operator to adjust 
the image brightness? 
A. window width 
B. window level 
C. edge enhancement 
D. Inverting 

1. C 

2. B 

3. C 
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 ANSWER SHEET INSTRUCTIONS  
IMPORTANT: Use ONLY a #2 pencil on the answer sheet. 
 

Write your name on the NAME line. Write in the name of the Direct Reading Article on the 
SUBJECT line. Write the DR# on the PERIOD line. 
 

In the box headed I.D. Field, print the numbers of your 
XRN ID and then also fill in the ovals directly beside 
the numbers (see example). Your XRN ID is on your 
confirmation and address label. DO NOT put your 
license number in the ID field and DO NOT fill in the 
rest of the field with zeros, leave it empty. 
 

Do not fax your Answer Sheet. 
 

Before mailing your Answer Sheet, make a copy for your files in case it gets 
lost in the mail. 
 

You need to score 75% or better to receive the approved credit. Your CE report is mailed out 
the day your answer sheet is received and graded. You are notified at that time if you did not 
receive a passing score. 

DO NOT send in your original documentation of credits when you renew your license.  
BUT be prepared to produce them if you receive an audit letter from the state’s Audit Unit. 

  
 

 

ONLINE ACCESS INSTRUCTIONS 
 

For all X-Ray News subscribers who have chosen ALL ONLINE or POST-TEST 
ONLINE subscriptions: 
 

• We automatically enroll you into X-Ray News Online, and then send you an email 
containing access instructions to your account on X-Ray News Online. 

• You are able to download the publication or read each issue online, and take the Post-
Test for each Direct Reading. NOTE: after successfully completing a Post-Test, the 
certificate of completion will be emailed to you.  

• If you already have an XRN Account with a prior subscription, each new issue will 
automatically open upon publication. 

 

If you have chosen a NO ONLINE subscription, then your Answer Sheet is 
mailed with the booklet. Please see the instructions below for using an Answer 
Sheet. 
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Kraig Wilkinson, R.T. (R) (ARRT), MBA   

Digital Imaging 
Direct Reading 

DR-110 
Approved for 
2.0 CE Credits 

How many digital cameras are in homes today? The 
obvious first thought is to count the number of cell 
phones in the home. Digital cameras have for the most 
part replaced film cameras. Along with phone 
cameras, there are digital cameras built into laptops 
and tablets. What about digital cameras built into 
home security systems? Digital cameras are even 
placed in stuffed animals, creating what are commonly 
known as nanny cams. What about the old fashion 
front door peephole? They have been replaced with a 
flat panel digital camera display as opposed to the 
distorted rounded and magnified view from the 
standard peephole. Cars can have digital back up 
cameras. All these digital cameras have available 
wireless signals and allow connection to other devices 
via the internet or a short-range connection using 
Bluetooth® technology. It is a digital world.  

Digital X-Ray 

The digital world has come to radiographic imaging. 
Hospitals, physician offices, and many veterinary 
offices have moved to digital capture technology to 
replace x-ray film. As in life applications with phones 
and back up cameras, the advantages of digital x-ray 
images are greater than analog film. We use personal 
digital image devices that arrive with easy-to-use 
applications that require minimal training. Some may 
infer digital radiation equipment and applications are 
as user friendly as a smart phone’s digital camera; 
however, this is not the case with digital imaging and 
post processing applications. Understanding how 
digital radiography works and applying the knowledge 
is paramount to obtaining a correct diagnosis. There 
are more implications and considerations using digital 
x-rays than taking a picture on a digital phone. These 
implications and 
considerations also 
apply to post 
processing a medical 
image verses photo 
shopping a photograph.   

Having the 
convenience and speed 
of taking digital photos 
and even videos with a 

telephone has undeniably increased photography 
interest. Granted some truly beautiful images have 
been taken by professional and amateur photographers. 
Photographs taken and repeated multiple times on 
digital cameras are not painful nor show to cause any 
harmful effects; however, with digital x-rays, the initial 
and any subsequent repeat images, do pose a biological 
risk to the patient. One of the objectives of this article 
is to outline a basic understanding to educate the reader 
how a digital system interprets data to eliminate 
repeats and decrease overexposures. Understanding 
how a digital system interprets the image, allows the 
operator to produce images while effectively practicing 
ALARA (As Low As Reasonably Achievable).1 

1. ALARA 

ALARA is the safe practice of using the least amount 
of radiation to produce the desired image results. With 
digital photography, picture after picture after picture 
is obtainable. Digital cameras are a reusable 
technology that decrease the cost lower than 
conventional camera film-based systems. As the cost 
barrier decreases, use increases, and cost to own a 
digital camera decreases also. 
Digital camera images allow the 
users to manipulate the images 
size, color, and sharpness. 
Additional advantages of digital 
camera images range from 
removing a film processor to 
eliminating the wait for a self-
developing image such as from a 
Polaroid®. As digital camera 
benefits increase, use and 
availability increase and drives up 
demand. This increased demand 
for improved digital image quality 
is driving a demand for higher quality cameras. Apply 
this economical application to digital x-ray equipment. 
Technology in digital x-ray systems allows picture 
after picture after picture. After the initial investment, 
digital x-ray systems typically decrease operating cost. 
Technology has seemingly made digital x-ray systems 
easier to use. Lower operating cost, along with ease of 
use and post processing applications has led to the 
ability to improve image quality and efficiency. 

Fig. 1 X-ray room with digital 
equipment 

Fig. 2 Digital images 
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Specific to digital x-ray imaging, there is a concern 
that these steps in innovation for digital technology 
can lead to unnecessary increase in patient exposure, 
unrealized underexposure, and limiting image data 
available to physicians.  

2. Dose Creep 

The primary concern of increased radiation use in 
digital x-ray systems is stemming from a process 
termed dose creep.2,4 In comparing film screen 
radiation exposure to digital x-ray systems, the latter 
reduces the amount of radiation needed to produce 
diagnostic images by up to a third and up to 2 times 
less dose.5 Dose creep is the use of more radiation than 
is necessary to produce a diagnostic image on a digital 
system. Lack of collimation on digital images also 
increases patient dose.5 The computer engineering 
inside digital x-ray systems processes and displays 
overexposures as if the exposure was appropriate. The 
resultant image on the monitor display appears 
correct. Digital x-ray systems are relatively new 
technology; dose creep is not. In the film screen era, 
this was commonly known as better hot than not. This 
was a practice of intentionally overexposing the 
patient to ensure an image on the film. The use of a 
very bright light, termed a hot light, was used to 
visualize the area of interest on the overexposed 
image. This unfortunate practice was rationalized with 
the patient receiving less radiation by having an initial 
image, albeit poor quality, with the chance that a 
repeat would not be necessary since an image was 
visible. This poor application of radiation was 
typically used in portable surgical or trauma exams.  

3. Using ALARA with Digital 

Although ALARA was taught during the film screen 
era as well, it is up to the radiographer to practice 
ALARA. The film screen educational methodology 
taught technologists to practice with the knowledge of 
the film speed system and by using accurate patient 
part measurement with a validated technique chart to 
ensure appropriate radiation dose. Knowing and 
applying the education is a technologist decision. The 
educational methodology is still the same with digital 
x-ray systems and formal education is recommended.5 
Technologists practicing ALARA with digital x-ray 
systems is a best practice. The ALARA concept is 
accomplished in digital systems by using the best 
technique based on the patient’s part size and 
situation.2 For operators of digital x-ray systems, it is 
beneficial to know the digital system components as 
well as how the manufacturer’s component interprets 
exposure data as it relates to the condition and size of 
the part being examined.5 As in the past with the better 
hot than not mindset, users of digital systems have 
ethical considerations if an operator, either knowingly 

or unintentionally without understanding, uses the 
digital system with more radiation to ensure the image 
is captured on the initial exposure. Understanding how 
digital image capture systems work can reduce dose 
creep. Additionally, understanding how digital systems 
work will improve underexposures and sets the basis 
to ensure all usable image data is transferred to the 
physician.  

Digital Systems 

The basic understanding of how something works 
begins with identification of the components making 
the system. This is the same as understanding the older 
technology of the chemical changes taking place in a 
film processor. Digital images are obtained using 2 
main types of systems. Those systems are commonly 
known as computed radiography (CR) or digital 
radiography (DR). This is a broad review of the digital 
image process. There are numerous specific details of 
the electronic and computer processes outside the 
scope of this article.   

1. Computed Radiography 

The major components for a CR system are an image 
receptor (IR), a CR reader, an operator console, a 
physician review station, a printer and/or an electronic 
digital storage system. In CR systems, an IR, very 
similar to a film cassette, contains an image capture 
medium. The image capture medium is a reusable 
photostimulable phosphor (PSP) material. This PSP is 
protected inside of a protective case like film cassettes. 
The PSP material and case create the PSP system. This 
is very similar to the film screen cassette system. As 
opposed to a regular film being a one-time use, the 
PSP is reusable. The PSP captures the various x-ray 
energies after passing through body tissues and 
accordingly creates the latent image. The phosphor 
material in a PSP system is typically made of a 
chemical compound called barium fluorohalide.3 When 

Fig. 3 Trapped energy in PSP 
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the barium fluorohalide is exposed to radiation it is 
ionized. Recall that ionization is the condition where a 
structure is changed to a positive or negative ion (s) by 
adding or removing an electron (s). The radiation 
passing through the body part reaches and exposes the 
barium fluorohalide. The barium fluorohalide now 
contains a specific amount of measurable trapped 
energy.4  

Once a radiographic exposure is made, the exposed 
PSP is placed in another part of the CR system called 
the reader. The measurable energy trapped by the 
barium fluorohalide is released caused by a laser beam 
hitting the PSP plate. As the laser beam scans the PSP, 
it causes the release of the various amounts of trapped 
energy. An optical scanner coupled with a photo 
detector interprets (basically measures) the amount of 
trapped energy released and converts the energy levels 
received to light signals.3 The technical process for the 
measured light signals created by the laser beam 
hitting the PSP is termed photo stimulated 
luminescence (PSL).4 Refer to Fig. 4, the various 
amounts and intensity of light from the PSL process is 

transmitted to an analog to digital converter.3 The 
converter takes each signal of light received from the 
image receptor and assigns each area a numeric value. 
The numeric value is the measurement of energy from 
the PSP and corresponds to the patient’s part location 
on the IR and creates a digital image outline in a 
computer matrix.4 This digital matrix results in the 
visible image on a monitor. Once the PSP energy 
levels are scanned, the PSP is exposed to an intense 
light that releases any subsequent trapped electrons.4 
This clears the PSP and allows its reuse. An unused 
CR plate is best processed after sitting 24 hours to 
clear any potential scatter.11  

Similar to an exposed film in a cassette before it is 

processed, a CR PSP plate is highly sensitive to energy 
before processing.11 As with film-based systems, 
scatter radiation will fog CR image receptors5. 
Collimation and use of grids when appropriate are 
important to decrease scatter and subsequent fog on 
the image.3,5 Additionally, removing an exposed CR 
cassette from the x-ray room and processing 
immediately is encouraged to prevent any scatter 
radiation affecting the image.11 Along with the process 
of controlling scatter, taking multiple images on a 
single CR reader is not a best practice.4 Consider the 
rationale for placing multiple images on a single film; 
it was to conserve film to decrease cost. With reusable 
CR systems, conservation is already achieved. 
Additionally, the PSP reading process begins and ends 
with collimated boarders. In some cases, with multiple 
collimation borders, the reader can misinterpret the 
anatomic areas of useful data when more than 1 image 
is placed on the IR.4,11 Density from fog between 
exposures can lead to reader interpretation errors and 
skew the applied gray scales to the images. In addition 
to making 1 exposure per CR, exposures are best 
processed when at least 30% of the imaging plate is 
covered with the part centered and has boarders 
collimated to further prevent segmentation errors.11      

2. Digital Radiography 

The major components of the DR system are like the 
CR systems. Except in a DR system, the reader/ 
processor is eliminated. The image detector directly 
captures the x-ray energy and converts the energy to 
signal intensities within the IR to create the image4. 
Initial DR systems were built-in or hard-wired tethered 
cassette systems. In the last decade, manufacturers 
have introduced direct digital technology in the same 
size of the typical film and CR cassettes5. In addition 
to having the same size cassettes, newer DR cassettes 
are wireless, which allows the end users to keep their 
existing x-ray equipment. For any hospital or 
physician’s office to convert to DR, they can purchase 

Fig. 4 Laser and energy measurement from PSP 

Fig. 5 AD Conversion 
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a DR plate and an operator console if they already 
have a picture archiving computer system (PACS) in 
place.  

DR systems have either an indirect or direct signal 
conversion.5,6 Indirect signal conversion systems 
absorb the incident x-rays and convert that energy to 
light. The light is converted to an electronic signal. 
Cesium iodide is 1 medium that is used to convert      
x-rays into light and amorphous silicon converts the 
light to an electrical charge and the subsequent 
electronic signal.5,7 Simplified, indirect is a basic 2 step 
process: x-rays to light and then light to signal. With 
direct conversion systems, a thin transfer transistor 
(TFT) is coated in an amorphous silicon that converts 
x-ray energy directly to an electronic signal.5, 7,11 A 
direct system has a single step where x-rays are 
converted to an electronic signal. In either conversion 
method, x-rays are converted to a signal that is 
proportional to the number of x-rays received through 
the subject matter. Patient dose is less with indirect 
systems due to the processes higher absorption 
efficiency.11 

3. Electronic Signal 

The resultant output of CR and DR after each system 
has received x-rays is the electronic signal. The 
electronic signals vary depending on the amount of 
energy received through the part being imaged. As in 
film screen systems, this is referred to as attenuation. 
The fundamental difference with attenuation in CR 
and DR is the x-ray beam being converted to a signal 
that is measured, interpreted, and displayed by each 
individual unit. These units are referred to as a pixel 
(picture-element). In accurate computer language, a 
pixel is not square but contains only a value. The 
correct technical term is a del or a dexal short for 
detector element. For clarification, the term pixel is 
used in this text. As mentioned, each pixel contains a 
value. The total value a pixel can store is referred to as 
bit depth.11 These values are converted into signal data 
and assigned a numerical value. These numerical 
values are created by the analog-to-digital convertor 
(ADC). These numerical values are based on the 
intensity of x-rays received after attenuation by the 
body part. Refer to Fig. 6 and note the numbers below 
the object that represent the intensity of x-rays 
received. The converted energy to signal strength 
corresponds to a specific level of brightness 
displayed.3 In Fig. 6, this is represented by the 
numbers below the thin transfer transistor. These 
brightness levels represent the different levels of 
intensity which are seen as gray scale levels.4,5 These 
interpreted gray scale values are referred to as a voxel 
(volume-elements).6 The ADC determines the voxel 
by measuring the values of the signal amplitude.4,11 So 
as each pixel is measured, its location is also distinct 

and displayed side by side, and up and down in a 
computer display matrix. Each pixel location and 
measured level of brightness (signal strength) from the 
IR provides the patient’s image.3 The specific process 
of interpreting the signal strength to determine the 
location and size of the various intensities from the 
reader is termed sampling. Each sample area is 
averaged into values based on the signal amplitude 
which is termed quantization.11 Sampling the values 
places the pixels by location in a squared off matrix, 
side by side up and down format. Each section of the 
matrix is measured for intensity of the signal received 
from processing the energy received from the PSL. 
The process of quantization is assigning an interpreted 
numerical value within the matrix area based on the 
strength of the signal received. These signals process 
through a photomultiplier tube (PMT) into the ADC. 
The ADC sends the collected data to the image 
processor which is viewed on a monitor.4 The field of 
view (FOV) displayed is the actual image on the 
monitor; therefore, the size of the part exposed is the 
FOV.  

Displays 

The display matrix represents the pixels as they were 
interpreted (digitized) side by side and up and down. 
The digital signals are displayed on a liquid crystal 

Fig. 6 DR IR measurement and conversion 

Fig. 7 Visible image 
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display (LCD) monitor. Most LCD monitors on the 
market today have either a 1920 x 1080 high definition 
(HD) resolution or up to an ultra-HD resolution of 
3840 x 2160. Ultra HD monitors are referred to as 4K 
monitors. To decode the monitor numbers and 
resolutions, visualize a monitor screen and think of it 
as being sectioned off like 1 side of a Rubik’s Cube®. 
Each cube has a total of 9 squares, 3 squares across in 
a row and 3 squares in a column down. The rows and 
columns make a matrix. On the cube, each square in 
the matrix contains a pixel for a total of 9 pixels. Each 
pixel in the square can display a different brightness 
level. These 9 squares represent the image in the 
matrix. A 3 x 3 matrix is considered a small matrix 
and has large pixels. A small matrix with large pixels 
presents a poor display resolution. Consider a 15-inch 
display monitor with a 512 x 512 matrix. This monitor 
has 512 pixels across in a row. The next row also 
contains 512 pixels and so on down for a total of 512 
rows which makes 512 columns.5 A 512 monitor 
contains 262,144 pixels. Obviously, this is a larger 
matrix than the Rubik’s Cube® with smaller pixels and 
presents better image resolution. To fully appreciate 
the matrix size concept, imagine another 15-inch 
monitor classified as a 1024 x 1024. This monitor has 
1,048,576 pixels. The 1024 x 1024 has a larger matrix 
with smaller pixels within the same 15-inch monitor 
dimension and produces better image resolution than 
the 512 x 512 monitor. Think of the Rubik’s Cube® 
and make it a 15-inches wide and 15-inches tall cube. 
It still only has a 3 x 3 matrix making very large pixels 
that display a very poor block image resolution 
although it is 15-inches in size. Compare this with an 
iPhone 14® that has a matrix resolution size of 2532 x 
1170 pixels within a 6.1-inch screen!9 Picture again 
the 1 side of the Rubik’s cube; however, divide each 
row and column in half. The matrix size is now 6 x 6 
without changing the size of the cube. In this example, 
the matrix size increased, the pixel size decreased and 
therefore resolution increased. Matrix and pixel size 
directly affect image resolution. Digital image 
sharpness is referred to as spatial resolution. Spatial 
resolution improves with smaller pixels within a larger 
matrix. Image resolution also improves as the total 
number of pixels increases. As the matrix size 
increases the number of pixels increase and the size of 
the pixels decrease which increases spatial resolution.6 
Measuring the distance from the center of 1 pixel or 
del to the other provides the pixel pitch or del pitch.5,1 
Further calculations can provide CR or DR systems 
spatial resolution ability by line pairs per inch. 
Interestingly, analog film generally has better spatial 
resolution than digital; however, this is grossly 
overcome due to digital systems superior contrast 
resolution.11 For this reason, manufacturers work to 

decrease pixel size and improve monitors display 
resolution. High resolution monitors used for 
mammography have a matrix resolution of 2100 x 
2800. Why does monitor resolution ability matter? If a 
digital chest exam has a pixel matrix of over 3 million 
pixels (1760 x 2150), the image is not fully 
appreciated on a monitor less than 3 MP (megapixels). 
A 3 MP or better monitor is necessary to better 
visualize the true resolution and pixel count. A lower 
MP monitor (2 MP) is appropriate to use for 
determining positioning and general clinical use.10 The 
use of smaller pixels, a larger matrix, or a higher 
resolution monitor does not exclude the importance of 
keeping object to image distance to a minimum and 
maintaining good tube IR alignment. Additionally, just 
as with analog film, image sharpness is improved with 
the use of the small focal spot and the longest 
acceptable source to image distance.11  

Contrast Resolution 

The difference between the brightness levels seen 
between pixels on a monitor is termed contrast 
resolution. This is referred to as contrast (difference of 
gray between adjacent structures on the images) in 
analog film. A long scale contrast has many shades of 
gray. In digital imaging that equals a wide window 
width. A short scale contrast has fewer shades of gray 
and refers to as a narrow window width in digital 
imaging. In digital imaging, contrast resolution is 
dependent on the quantization process and the 
measured signal amplitude. Other factors affecting 
contrast resolution are inherent system noise, subject 
contrast, collimation, monitor resolution, and 
computer processing to the viewers visual acuity.4 Due 
to pixel (bit) depth, digital images display a greater 
number of shades of gray over traditional film for 
superior contrast resolution.3,4 The primary digital 
process and resultant bit depth is manufacturer 
specific. As you may recall, bit depth is the computer’s 
storage range ability for pixel values. Manufacturers 
have different abilities to process analog data to a 
visible image which is dependent on the 
manufacturer’s capability to apply the signal to a gray-
scale histogram. The desired overall result for 
manufacturers is to translate a higher x-ray interaction 
signal over any subsequent signal interference or loss 
of signal resulting in quantum noise4. An acceptable 

Fig. 8 Matrix and pixel size 
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signal-to-noise ratio (SNR) 
allows for greater contrast 
visualization while not 
enhancing the noise 
simultaneously.4 A good SNR 
is paramount from setting the 
correct exposure factors to the 
efficiency of the electronic 
digital system. SNR 
conversion is the ability of the 
system to convert x-rays to an 
electronic input signal.6 The 
appropriate use of grids 
reduces scatter which 
improves signal data over 
noise.11 A good SNR 
conversion is more useful 
information available for 
image formation while noise, 
non-useful information, is 
low. A poor SNR is visualized 
when a grainy or speckled 
appearance is over the image as 
seen in Fig. 9. This grainy or speckled appearance on 
the image is called quantum mottle. Some readers can 
relate quantum mottle by thinking about the visual 
difference in a TV image produced by an analog 
antenna (poor signal) verses cable (good signal). Most 
all can think of driving away from an analog radio 
station. As the radio signal decreases the music 
becomes static. Quantum mottle is static and caused 
primarily by the operator not using a proper technique 
to penetrate the part and provide sufficient radiation to 
the IR.6,11 Consider repeating an image with poor SNR 
presenting with visible quantum mottle. A low SNR 
reduces contrast resolution and overall visibility of 
detail. A low SNR may not necessarily result in 
quantum mottle; however, image contrast and 
subsequent image display may not present as optimal. 
Using a proper technique improves signal, decreases 
noise and results in improved image results. Diligent 
operators use proper techniques based on body part, 
part size, control scatter, and collimate to improve the 
systems SNR to assist in demonstrating good subject 
contrast resolution. Additionally, using the 
manufacturer’s exposure index, discussed later, will 
ensure correct exposures are set. When using 
automatic exposure control (AEC), alignment of the 
body part area of interest over the correct AEC cell to 
prevent underexposure is imperative.11  

Digital Software 

Human anatomy has poor inherent structural subject 
contrast. Digital imaging’s superior contrast resolution 
trumps analog film’s spatial resolution. The subtle 

differences of attenuation within the structures on a 
digital image are greatly enhanced by contrast 
processing software. Digital manufacturers use 
software called look up tables (LUT) to specify the 
useful range of contrast.4,6 These LUT ranges are part 
specific and are set at the operator console prior to 
exposure by selecting the correct part to be examined. 
Since the ranges are part specific, any information 
over or under the defined threshold or saturation range 
are not used.4 Some manufacturers use a value-of-
interest LUT (VOI LUT) to convert the raw data which 
allows the user to make adjustments outside of the 
algorithms. A VOI LUT allows for correction if the 
incorrect exam algorithm is selected. Selecting a 
different VOI LUT other than the part examined can 
limit the image data sent to physicians on PACS. To 
use VOI LUT, software needs to exist in PACS. In the 
absence of VOI LUT or vendor set contrast 
enhancement, data sent to PACS is best not modified 
at the operator console.4 For a practical example, think 
of uploading a color image taken with a smart phone 
to a computer. Both the phone and the computer have 
the full data set, and both can manipulate the LUT 
ranges of the image. This is like VOI LUT. Now 
consider taking the same color picture as before and 
change (photoshop) the saturation level to make it 
black and white. If this image is uploaded to a 
computer, the saturation is only adjustable in various 
levels of black and white, not color. The computer 
cannot display the color since the data was limited. 
This is an example of part specific data that was 
altered outside of the defined saturation range. Making 
changes to an image at the operator console level or 
changing the LUT values and saving those changes to 
PACS can limit the useful range of the image 
presented for interpretation.11 

Dynamic Range 

Another manufacturer’s specific process is dynamic 
range. Dynamic range is the gray level range 
displayed.5,11 The range is derived from the ability of 
the digital detectors to measure the different levels of 
radiation received.4,6 This range is from the minimum 
to maximum output signals received through the PMT. 
Manufacturers have different ranges for sensitivity and 
the range of exposure.4 The greater the dynamic range 
is, the wider the range of exposures displayed.6 This 
allows for corrections on overexposures and some 
underexposures.5 You may recall that digital imaging 
produces a better contrast resolution and wider 
dynamic range than film. Diagnostic information 
content in digital radiology is generally higher than in 
conventional radiology if equivalent dose parameters 
are used. The wider dynamic range of a digital 
detector and the capability of post processing, allows 

Fig. 9 Quantum mottle 
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more information to display on the radiographic 
images. The dynamic range is derived by analyzing 
the digital information taken from the raw data.6 The 
better a manufacturer’s ability to measure and analyze 
the digital data, the better the dynamic range is to 
generate a longer useful gray scale. In digital 
applications, a longer gray scale allows a greater 
visibility of detail. Dynamic range is the basis for 
manufacturers applying preset gray scales to the 
various body parts. For each body area of interest, a 
defined range is applied to maximize the gray scales to 
known body part subject contrast. These protocols 
(sometimes referred to as algorithms) are selected by 
the area of interest examined and, in some cases, 
applied or changed with post processing software. 
Selecting, saving, and sending to PACS an algorithm 
that does not match the exam performed may limit the 
gray scale and subsequently limit visibility of 
pathology. Collectively, the digital system’s dynamic 
range, computer design, and monitor resolution 
combine to display the systems bit depth. The human 
eye is limited and not able to visualize the systems full 
bit depth. Computer processing time is saved since the 
eye is not able to visualize the full depth of the range. 
The system compresses the information from the total 
bit depth and mathematically defines the useful gray 
scale. It removes the extreme dark and white 
intensities from the scale; thereby, compressing the 
scale and is termed dynamic range compression 
(DRC) or equalization.11 

Exposure Indicators 

Digital systems require appropriate radiation. The 
computers in digital systems require good signal from 
radiation to produce good contrast resolution and 
avoid quantum mottle. 
Digital systems can process 
overexposures so that images 
appear perfect on monitors. 
The wide exposure latitude 
ability to correct 
overexposures is the basis of 
concern for dose creep.5,8 
Studies show exposures are 
higher than manufacturer’s 
recommendations.5 Review 
Fig. 10 and note the 
exposure on this phantom 
foot is over the 
manufacturer’s threshold of 
1800; however, the digital 
processing software corrects 
the image grayscale to 
appear perfect. To prevent 
dose creep, the operator 
needs to know the digital 

system received the appropriate radiation for the body 
part based on the technique set. Knowing the 
appropriate radiation used, informs the operator that 
the technical factors are correct, or were too high or 
too low. Most manufacturers provide a specific means 
to indicate if an exposure was taken within or out of 
the specified range. Some manufacturers use a color-
coded red, yellow or green indicator, some may use a 
dial gauge, while some use a numerical value range as 
an objective to monitor.5 These are commonly referred 
to as exposure indicators. Each manufacturer sets their 
exposure indicator range criteria based on their 
systems ability to process and measure x-rays from a 
useable exposure signal to produce an image. The 
exposure indicator is each manufacturer’s 
determination of their systems overall effectiveness 
and not the image brightness on the monitor. Each 
manufacturer sets a center target point based off the 
values from the pixels. Minimum and maximum 
ranges are set around the median pixel value target to 
develop the exposure index range.11 Technologists can 
set defined techniques by knowing the system’s 
exposure indicator and the specific manufacturer’s 
range. Additionally, operators are to verify the clinic’s 
technique chart and ensure the anatomically 
programmed radiography (APR) systems are set to 
meet the manufacturer’s exposure indicator as 
appropriate by patient part and size. Following the 
manufacturer’s exposure index parameters is keeping 
with the ALARA principles.5 

Deviation Index 

At present, manufacturers are not required to display 
exposure indexes in a uniform method. Although, 
manufacturers are collaborating to adopt and use a 
standard, this is not fully realized. The description 
term adopted is a deviation index for new systems and 
older if the system is retrofitted.11 Although each 
manufacturer’s system is fundamentally measuring the 
base effectiveness of converting incident x-rays to an 
electronic signal to an image, each manufacturer can 
display and verify this information differently. It is 
critical the operator know the exposure indicator being 
used. The exposure indicator protects the patient from 
dose creep and from the opposite underexposed exam. 
An operator needs to identify on the system where the 
manufacturer displays this information. Review the 
details in the manufacturer’s owner’s manual. 
Exposure indicators are referred to as a sensitivity 
number (S), exposure index number (EI), log of 
median (LgM), and other indicators. Typically, the EI 
is displayed either on the CR reader workstation or a 
DR monitor for technologists to compare with the 
manufacturer’s range. Some manufacturers make the 
EI a selectable option in the software. It is possible an 

Fig. 10 Overexposed 
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installer was not aware this option needed selection 
when initially installed. Technologists need to exhaust 
all resources to find where it is displayed and use the 
system’s exposure index range. As manufacturers are 
under no standard for a uniform indicator number or 
range, there are no uniform standards on how the 
indicators are translated.  

Currently, there are 2 methods used to translate 
exposure indices. Those are referred to as either a 
direct relationship or an inverse relationship. In a 
direct relationship shown on Table 1, the exposure 
indicator increases as the exposure increases. In an 
inverse relationship seen on Table 2, the exposure 
indicator decreases as the exposure increases.6 Correct 
technique adjustments are made when operators know 
how the system in use translates the data received. 
Fig. 11 shows an exposure index of 1823 with a 30% 
reduction of mAs; however, this is still above the 
manufacturer’s index range. Fig. 12 shows an 
exposure index of 1656 which is very close to the 
midline target of 1600 for this manufacturer. Note this 
is a 50% reduction in mAs from 2.5 to 1.2. This is a 
direct reduction of patient dose with good image 
quality. Closely review the images in Fig. 10 through 
Fig.12; visually they are identical. If a technologist is 

not familiar with a systems exposure index range and 
accepts and continues to expose patients at 2.5 mAs, 
the patients are being overexposed. This example 

Table 1 Sample proportional exposure index chart  

Manufacturer Directly 
Proportional Exposure 
Indicator 

Range Measures Correction Details 

Top of Range 150 

< 150 but over 100 are over target and reviewable not 
repeated. Document as to why and technique lowered 
closer towards target on subsequent exams to decrease 
overexposure. 

Per manufacturer - a specified decrease in mAs will 
decrease the exposure by a specified number of points. 
I.e. original mAs of 10 reduced by half to 5 mAs will 
decrease the EI by 25 points. 

Target Point 100 
Exposures at the target point or less than 150 but over 
50 are within range. 

  

Low Range 

Images below this range 

50 

> 50 but under 100 are under target and need reviewed 
by medical provider before repeated. Corrections to 
technique recorded to improve towards target. 
< 50 are repeatable. 

Per manufacturer - a specified increase in mAs will 
increase the exposure by a specified number of points. 
I.e. original mAs of 5 increased to 10 mAs will increase 
the EI by 25 points. 

Table 2 Sample inversely proportional exposure index chart  

Manufacturer 
Indirectly Proportional 
Exposure Indicator 

Range Measures Correction Details 

Top of Range 50 

> 50 but under 100 are over target and reviewable not 
repeated. Document as to why and technique lowered 
closer towards target on subsequent exams to decrease 
overexposure. 

Per manufacturer - a specified decrease in mAs will 
decrease the exposure by a specified number of points. 
I.e. original mAs of 10 reduced by half to 5 mAs will 
increase the EI by 25 points. 

Target Point 100 
Exposures at the target point or less than 100 but over 
50 are within range. 

  

Low Range 150 

> 100 but under 150 are under target and need reviewed 
by medical provider before repeated. Corrections to 
technique recorded to improve towards target. 
> 150 are repeatable. 

Per manufacturer - a specified increase in mAs will 
increase the exposure by a specified number of points. 
I.e. original mAs of 5 increased to 10 mAs will decrease 
the EI by 25 points. 

Fig. 11 Over target EI Fig. 12 Target EI 
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applies to all body parts and patients of all ages. This 
is why dose creep is a vital concern. Optimistically, 
manufacturers provide indices and which relationship 
their system follows in the operator’s manual. A 
couple of manufacturers do not store the original 
exposure index number if the images brightness is 
changed.11 It is important for operators to know how 
the system in use works and interprets data. Due to the 
various manufacturers and various interpretations of 
exposure indices, repeat considerations for under 
exposures are best established by department policy as 
determined by a radiologist. Exposure indexes that are 
below the lowest target range are grossly 
underexposed and when mottle is so excessive, 
repeating the image is best to produce a diagnostic 
image. Technologists need to be educated to properly 
correlate technique and exposure indexes. Applied 
knowledge proves to be successful in reducing if not 
eliminating dose creep.8  

Post Processing Applications 

1. Window Width and Window Level 

Digital images allow an array of post processing 
manipulations for the technologist and physician. Film 
based systems do not allow adjustments post exposure 
in film contrast or density other than a hot light or 
controlling the room lighting. Digital images allow the 
adjustment of window levels which is referred to as 
brightness (density). Window levels for CR and DR 
have an indirect relationship. As the window level 
increases, the window level numbers increase and the 
brightness of the image decreases.11 This is the digital 
application of increasing density; the image appears 
darker. The exact opposite is accomplished by 
decreasing the window level numbers to make the 
digital image appear lighter. Compare this to pulling a 
sunshade down on a window in daylight. Picture a 
sunshade on a window that is in the middle of the 
window. Half of the sun light is shaded the other half 
not. As the shade is pulled down, length is added to 
the shade, this represents increasing (adding) to the 
window level numbers and results in the room getting 
darker which represents increasing density (darker). 
Increasing the window level increases density and in 
digital terms decreases brightness. As the window 
shade is moved back up, the length of the shade gets 
shorter which is analogous to decreasing the window 
level numbers and the visual effect is a decrease in 
density, or in digital application terminology the 
brightness is increased. 

Analog film also does not allow manipulation of the 
image contrast post processing. Digital systems allow 
variable scaling of contrast from long to short scale. 
The digital terminology is window width. Window 

width can either lengthen or shorten the gray scale 
which allows image manipulation without necessarily 
having to expose the patient again if a different scale 
of contrast is desired.11 Again, picture a window but 
without the sunshade and imagine the view from the 
window is a tree covered mountain in the fall season. 
The view of the mountain fall trees is limited by the 
size of the window. If the window was widened, side 
to side, that allows more of the mountain and more 
colors (grays). The window width number increases. 
Consider the mountain as a linear gray scale, the wider 
window allows visualization of more grays. 
Visualizing more grays decreases contrast; the 
difference between the grays is less and presents a 
long scale of contrast. To generate a shorter scale 
between the grays, decrease the width of the window 
by decreasing the window width values.  

Window levels and window widths are reviewable and 
adjustable at the technologist workstation but for 
visualization purposes only. An image adjusted at the 
technologist workstation and saved to PACS may limit 
visibility of the image. If an image is manipulated and 
saved, some of the original data is lost and limits 
visualization or manipulation at the physician monitor. 
Remember, monitor quality is also a factor. 
Technologist workstation monitors are typically a 
lower resolution than physician monitors. Adjusting 
brightness and contrast based off an image on a lower 
resolution monitor, saving and sending it to PACS 
may possibly eliminate information. Adjustments to 
image quality on a lower resolution monitor may 
affect visibility of the image and affect patient care. 
Overall, the image display on monitors is the lowest 
quality part of the digital image system for 
demonstrating resolution and dynamic range.11 This is 
a critical aspect to remember to not adjust on a lower 
quality technologist monitor workstation. 

2. Inverting 

Most all systems have an invert function. The 
inverting function reverses the applied pixel gray scale 
values. In short, usually the press of a button, black 
becomes white, white becomes black and all gray 
scales in-between are assigned their opposite value. 
Use of this function only changes values and does not 
provide additional information but can aid in 
diagnosis.11 

3. Masking 

An additional post processing application commonly 
used is masking, also referred to as shuttering. On 
some systems, the computers perform this step 
automatically by reversing the collimated pixel values 
around the image to black.6,11 Masking reduces glare 
and eye strain. It also improves the ability to visualize 
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contrast.11 As an operator applies masking, masking 
down to the actual collimated area is recommended. 
Over masking and covering anatomy only to present a 
better collimated image, may present legal 
consequences since a portion of an image was 
available but hidden due to masking.11,12 The overuse of 
masking is the same as using scissors to cut off a 
poorly collimated area on film. This is the same as 
using the cropping feature on digital images. 
Operators editing and limiting the medical image sent 
to physicians are potentially changing the medical 
record. 

4. Stitching 

A post processing application termed stitching allows 
for long-length bone studies or scoliosis exams 
without having corresponding long digital image 
receptors.6,11 Digital systems utilize specialized 
software, and some may require an alignment grid or 
mechanism to ensure the multiple images are properly 
aligned.11 Good collimation and use of grids in digital 
imaging is important. 

5. Annotation 

Digital systems easily allow for post image 
annotation. Annotation allows the technologist to 
place electronic text on the image.6,11 Annotations are 
used to describe patient position, technique used, 
image time, and other factors. Free text annotations 
typed in can add pertinent and appropriate notes for 
providers reviewing images. Patient laterality is not 
best marked with annotation post the exam.6 Right and 
left side lead markers are the standard and should be 
captured with the initial exposure in digital imaging. 
Images marked incorrectly may lead to legal 
consequences. Right and left annotation errors can 
easily occur in post processing, especially if the image 
is taken AP but PA was selected on the APR. 

6. Edge Enhancement and Smoothing 

Edge enhancement is a post processing application 
that improves the visibility on the edge of structures.11 
The effectiveness of edge enhancement is dependent 
on the operator using sufficient technique and good 
collimation.6 Smoothing assists in reducing noise and 
small levels of quantum mottle. Recall noticeable 
quantum mottle is caused by underexposure. Images 
within the target exposure index range improve with 
smoothing; however, consider repeating images below 
the target index range verses using the smoothing 
function. Note the indirect relationship with edge 
enhancement and smoothing. Noise can result if edge 
enhancement is used on high contrast images or in 
excesses; whereas excessive use of smoothing can 
cause less detail on the image.11 

 

7. Digital Subtraction 

Digital subtraction is a process when a structure is 
reversed (made positive) and overlaid on the original 
(negative) structure which digitally removes the 
structure.11 Post processing software is optional 
depending on the manufacturer. Manufacturers may 
include some basic applications with the initial 
purchase and charge for more advanced software 
applications. 

8. Magnification (Sizing) 

Digital applications allow the manipulation of image 
size. Digital data points are extrapolated to adjust the 
size of the image to aid in visibility and possibly 
diagnosis. Frequently the use of sizing is used to 
magnify the image. As with inverting the image, 
resizing does not provide additional information. The 
pixel values are being interpreted within a larger or 
smaller matrix. The magnification function is a useful 
tool to evaluate the image for quantum mottle.11 

9. DICOM and Health Level 7 

One specific application of digital systems is DICOM. 
The acronym stands for digital imaging 
communications in medicine. DICOM is a universal 
standard that allows different manufacturers to 
exchange images. An essential function of DICOM is 
the establishment of a unified grayscale function. This 
allows images to present with the same grayscale 
when displayed on other systems.6 DICOM also serves 
as the language function that allows users to retrieve 
specific images to view or print and import patient and 
exam information. DICOM also contains statically 
vital information such as the patient information, 
number of images, date, time, the technique used, type 
of exam, to which specific unit and what model 
software version was used. This information and much 
more are contained in what is termed the DICOM 
header and is usually accessible from an information 
icon or system tools menu. In those occurrences where 
an image is adjusted at the operator console, a copy of 
the image is recommended for manipulation and saved 
as an additional image on PACS. Copied and 
manipulated images are best annotated as to what 
changes are made post exposure.11 The type of exam 
selected at the operators console is sent to the DICOM 
header; therefore, a chest x-ray copied and reprocessed 
as ribs shows on the DICOM header information as 
ribs. DICOM header information may not appear to 
the viewer. The significance to remember is that a 
digital image is a medical record and best preserved as 
original or noted appropriately. DICOM is an image 
specific application that allows various imaging and 
monitoring systems to communicate in PACS. Another 
communication application that allows various 
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information systems to share data is Health Level 7 
(HL7). HL7 establishes an integration standard for 
transmission of data from laboratory, admissions, 
imaging, nursing and others that meet HL7 ability and 
criteria.6 Based on the individual clinics computer 
systems and software providers, PACS and HL7 can 
share information so all patient data is readily 
available. 

10. Artifacts 

As technologists recognize system errors with film-
based systems; the same exists with digital systems. A 
general knowledge of system errors can decrease 
repeats. A common artifact seen is the moiré pattern 
also known as an aliasing artifact. This creates a 
diagonal line pattern over the image when the grid line 
frequency is not the same as the scanning frequency of 
the CR reader.11 The lines are more prominent on low 
resolution monitors.6 A higher grid frequency, 140 
lines per inch or more, assists in reducing the scanner 
error.11 Additionally, if possible, grid lines are to run 
perpendicular to a reader’s laser scan path. Light spots 
on images are caused by dust or other foreign material 
on the PSP.6 When light spots are seen, the PSP 
requires cleaning following manufacturer’s guidelines. 
Another image artifact is known as a ghost or phantom 
image. This occurs when the CR reader does not fully 
erase the previous image.6 CR plates are very sensitive 
to scatter, so fogging is a common error. Unidentified 
objects seen on images in the same location with 
different IR’s is most likely a problem with a CR 
reader. For example, artifacts that extend from 1 end 
of an image to the other are most likely due to an error 
inside of the CR reader, whereas a light spot or spots 
on an image are most likely on or within a specific CR 
plate. Quantum mottle is of course a type of artifact. 
Remember, quantum mottle is a condition of 
underexposure. Consistent changes to algorithms or 
adjusting brightness and contrast may indicate an 
equipment problem or possibly indicate additional 
operator training is needed.11 Additional training in 
such categories as exam selection, setting appropriate 
techniques, or positioning might be helpful. 

Conclusion 

It has taken many years of development in computer 
processors, electronics, lasers, physics, applied 
mathematics and statistics to determine what 
technologists eyes are trained to see. Computer 
applications have placed a defined numerical value to 
practically remove technologist subjectivity related to 
satisfactory exposure. Moving into the digital world 
has advanced radiographic imaging, and as a result, 
the diagnosis for the patient. Digital applications give 
technologists and physicians the ability to manipulate 
these exposures to save the patient additional 

radiation. Understanding the basics of the digital 
image is vital in knowing and presenting quality 
digital images for interpretation. Department and 
office managers are to assist in facilitating training on 
digital systems. Additionally, manufacturers are to 
provide the necessary information on systems. 
Ultimately, it is the operators responsibility to 
understand the system to ensure radiation safety. It is a 
technologist’s individual responsibility to obtain 
continuous training to keep up with the technology in 
the digital world of imaging. 
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1. Which statement below is a concern for digital radiography? 

A. Stored images will degrade in quality. 

B. Concern that technologists will realize underexposures.  

C. Concern that image data available to physicians is 
excessive. 

D. Steps in innovation for digital technology can lead to 
unnecessary increase in patient exposure. 

2. What is the problem, if any, with dose creep? 

A. Digital technology eliminates the dose creep concern.   

B. The patient receives more radiation than necessary to 
produce a diagnostic image on a digital system. 

C. It decreases the useful life of CR and DR receptors. 

D. Computer systems in the digital image chain cannot 
correct for overexposures.  

3. As the laser inside the CR reader scans the PSP, what is 
released, measured, and transferred to light signals otherwise 
known as photo stimulated luminescence (PSL)? 

A. x-rays 

B. scatter 

C. barium fluorohalide 

D. trapped energy 

4. Unused CR plates should be cleared through the CR reader 
after how many hours of non-use? 

A. 8  

B. 12  

C. 24  

D. not necessary 

5. These 2 items are important in CR imaging to decrease scatter 
and subsequent fog on the image. 

A. short SID and small focus 

B. collimation and grids 

C. high mA and low time 

D. short exposure and collimation 

6. These units are referred to as a picture-element and contain a 
total value referred to as bit depth. 

A. direct unit 

B. numerical  

C. ADC  

D. pixel 

 

 

 

 

7. In addition to reader misinterpretation of anatomic areas and 
incorrect gray scales being applied, what else may happen if 
multiple images are placed on one CR PSP? 

A. Facilities will save cost on fewer exposures to the CR 
plates. 

B. Fog density from multiple exposures may affect CR 
reader interpretation.  

C. The PMT will correct the images and reprocess multiple 
images.  

D. It is not possible to place more than 1 image on a CR 
PSP. 

8. A process of interpreting the signal strength by location and 
size of the various intensities is termed? 

A. sampling 

B. quantization 

C. peripheral 

D. plug-in SL 

9. What is the process of assigning an interpreted numerical 
value within the matrix area based on the strength of the 
signal received? 

A. sampling 

B. quantization 

C. quantum 

D. photomultiplier 

10. Measuring the distance from the center of 1 pixel or del to the 
other determines what?  

A. pixel to pixel pitch 

B. del to del pitch 

C. the pixel and or del pitch 

D. matrix size 

11. In addition to using a smaller focus, smaller pixels, and a 
larger matrix what other factor improves image sharpness in 
digital imaging? 

A. short SID 

B. long SID 

C. long OID 

D. large pitch 

12. This determines digital images ability to display a greater 
number of shades of gray over traditional film for superior 
contrast resolution. 

A. pixel (bit) depth 

B. pixel pitch  

C. matrix pitch 

D. matrix size 
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13. Complete the following statement: spatial resolution improves 
with smaller pixels within a larger matrix and image resolution 
also improves as the total number of pixels increases; 
therefore... 

A. As the matrix size decreases the number of pixels increase 
and the size of the pixels decrease which increases spatial 
resolution. 

B. As the matrix size increases the number of pixels decrease 
and the size of the pixels decrease which increases spatial 
resolution. 

C. As the matrix size increases the number of pixels increase 
and the size of the pixels increase which increases spatial 
resolution. 

D. As the matrix size increases the number of pixels increase 
and the size of the pixels decrease which increases spatial 
resolution. 

14. The ability of the system to convert x-rays to an electronic input 
signal is termed? 

A. matrix size 

B. quantum mottle 

C. signal-to-noise ratio 

D. monitor resolution 

15. What is the term used when grainy or speckled artifacts result 
on the displayed image due to a poor SNR? 

A. aliasing artifact 

B. quantum mottle 

C. moiré pattern  

D. ghost pattern 

16. Along with collimating and controlling scatter, what other 
factor improves SNR and contrast resolution? 

A. performing QA on the CR reader 

B. change the scanning VOI LUT algorithm   

C. adjust the image using edge enhancement 

D. setting techniques based on body part and size 

17. What is the possible effect if an operator makes changes to an 
image at the operator console or changes the LUT values and 
saves the image on PACS? 

A. The useful range on the image presented for interpretation 
may be limited.   

B. The image presented for interpretation is not affected.  

C. The image spatial resolution is affected.   

D. The image dynamic range compression (DRC) is 
equalized.    

18. What specific means do manufacturers use to indicate if an 
exposure was taken within a specified range? 

A. monitor range 

B. dynamic indicator 

C. dynamic range 

D. exposure indicator 

 

 

 

 

 

19. Analog film generally has better spatial resolution than digital. 
Which digital system ability is far superior and overcomes 
poor spatial resolution? 

A. matrix resolution 

B. subject contrast 

C. contrast resolution 

D. display resolution 

20. Which post processing application allows the operator to 
adjust the image gray scale? 

A. window width 

B. window level 

C. window depth 

D. edge enhancement 

21. What action should be taken if an image is demonstrating 
excessive mottle and the exposure indicator shows the 
exposure is over the maximum underexposure target?    

A. nothing, accept the image  

B. have the image reviewed by the provider 

C. repeat the image after technique is increased   

D. decrease the exposure factors before repeating 

22. Which post processing application allows the operator to 
adjust the image brightness? 

A. window width 

B. window level 

C. edge enhancement 

D. inverting 

23. What caution should a technologist take before adjusting the 
window width and level at the operator workstation monitor 
and saving the adjusted image to PACS?   

A. Technologist workstation monitors are typically a higher 
resolution than physician monitors. 

B. Technologist should not make adjustments on a lower 
resolution technologist workstation monitor. 

C. Technologist should use and adjust the edge enhancement 
feature.   

D. No concern is warranted; workstation monitors and 
physician monitors have the same resolution. 

24. It is a best practice to use lead markers on an image and not 
use annotation to mark an image left or right. Which other 
statement is a best practice? 

A. It is a best practice to adjust images at the operator 
console to save the physician time.  

B. It is a best practice to use the masking feature down to the 
collimated areas only leaving all visible anatomy.   

C. It is a best practice to use the masking feature down to the 
part of interest to improve the processor’s dynamic range. 

D. It is a best practice to disable the exposure index indicator 
and use only the AEC function for consistency. 
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25. What creates a diagonal line pattern over the image when the 
grid line frequency is not in the same scanning frequency of the 
CR reader? 

A. DICOM artifact 

B. quantum mottle 

C. moiré pattern (aliasing artifact) 

D. ghost pattern 

26. In DR systems, the image detector directly captures the x-ray 
energy and converts the energy to signal intensities within the 
IR to create the image; thereby, eliminating the need for which 
device? 

A. physician’s console 

B. printer 

C. reader processor 

D. PACS 

27. Which DR system results in a lower patient dose? 

A. direct systems due to the processes higher absorption 
efficiency 

B. direct systems due to the processes lower absorption 
efficiency 

C. indirect systems due to the processes higher absorption 
efficiency 

D. indirect systems due to the processes lower absorption 
efficiently  

28. Which term best describes the resolution quality on a small 
matrix with large pixels?  

A. poor  

B. good 

C. improved 

D. optimal 

29. Which range is derived from the ability of the digital detectors 
to measure the different levels of radiation received? 

A. monitor  

B. matrix  

C. dynamic  

D. quantum  

30. What allows the technologist to place electronic text on an 
image? 

A. stitching 

B. annotation 

C. masking 

D. texting 
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