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Radiography educators have 
expressed increasing frustration 
with image definitions after the 
introduction of digital radiogra-

phy (Quinn B Carroll, MEd, R.T.(R), 
written communication, 2019). Currently, 
inconsistencies exist among textbooks, 
curriculum guides, and content specifi-
cations. Causes of the frustration, which 
are related to fundamental errors in pro-
cess logic, include:

 � mixing qualities of the final dis-
played image with characteristics 
of the remnant x-ray beam signal

 � inaccurately applying digital 
terms to a film screen radiog-
raphy (FSR) context, which 
emphasizes the detector at the 
expense of digital processing

 � mixing equipment terms with 
image qualities

 � inappropriately mixing physics 
terms with clinical radiography 
terms

 � limiting essential image qualities 
to a list of 4 and excluding noise

This article compares terminology 
of digital imaging systems with FSR 

technology to provide clarification and 
also proposes a modified list of stan-
dardized terminology for radiography 
educators, technologists, and profes-
sional communities of interest such as 
the American Registry of Radiologic 
Technologists (ARRT), the American 
Society of Radiologic Technologists 
(ASRT), and the American Association 
of Physicists in Medicine (AAPM). In 
addition, there are recommendations 
for improving the accuracy and clarity 
of definitions in the profession.

Clarifying the Stages of 
Image Production

For clarity, this article proposes 
standardized terms for 3 stages of 
image production during which 
image qualities are hypothetically or 
empirically examined:

 � signal image – the image informa-
tion in the remnant x-ray beam 
traveling to the image receptor 
before capture

 � latent image – the image informa-
tion stored by the image receptor 
before digital or chemical processing

After completing this article, the reader should be able to:
	� Compare terms used for characteristics of the signal image and those used for the 
displayed image.
	� Identify terms used for digital imaging and film screen radiography.
	� Explain which terms are more appropriate in the context of imaging equipment and 
which are appropriate when discussing image characteristics.
	� Summarize the expanded list of image qualities.

Digital imaging has affected 
many aspects of radiography, 
including terminology. By 
equating characteristics of film 
screen radiography with those 
of digital imaging, definitions 
have been confused, and dif-
ferences among textbook con-
tributions, curriculum guides, 
and content specifications have 
developed. Equipment terms 
have been conflated with terms 
for image quality, and phys-
ics terms have been combined 
with terms for clinical radiog-
raphy. This article discusses 
digital imaging system termi-
nology to provide clarification 
and recommendations for a 
course of action for radiologic 
science professionals.
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AAPM Task Group #116, noting the changes to clinical 
practice caused by digital technology. The first para-
graph of the document states:

Unlike screen-film imaging, image display in digital 
radiography is independent of image acquisition. 
The final image brightness and contrast can be 
modified by digital processing of the acquired image 
data. Consequently, overexposed images will not 
necessarily be dark, and underexposed images may 
not appear light. Inadequate or excessive exposure 
is manifested as higher or lower image noise levels 
instead of as a light or dark image. Brightness of 
the image is controlled not by the exposure to the 
detector, but by postprocessing applied to the image 
data. This may be a new and confusing concept for 
operators of digital radiography systems who are 
accustomed to screen-film imaging.5

Confusion now stems from the failure to separate 
conditions of the signal image from the final displayed 
image that has undergone digital processing. For exam-
ple, compare this textbook quotation to the previous 
AAPM quotation:

Although there are differences in how conventional 
film/screen and digital imaging acquire the image, 
these are variations in how the image receptor 
responds to the incoming data, not fundamental 
changes in the quality factors of density, contrast, 
recorded detail, and distortion…In the digital 
environment, this important image quality factor 
(density) has not changed.6

This information directly contradicts the AAPM’s 
statement that “overexposed images will not neces-
sarily be dark, and underexposed images might not 
appear light.”5

There are 3 important distinctions between the 
characteristics of a signal image and a displayed image. 
First, the set technique affects the exposure level at 
the image receptor, not the final brightness or density 
of the displayed electronic image.6 Second, by consis-
tently employing the adjective subject in front of the 
word contrast, the student will recognize that this is 
the difference between areas of radiation intensity in 
the remnant beam, created by the interactions of x-rays 

 � displayed image – the processed image used for diag-
nosis, which can be further modified at the console 
through windowing and other operator controls

Signal image (ie, remnant beam image) must be agreed 
on by the educational community to distinguish this 
stage of the image from the latent image stage where the 
information is stored temporarily on a computed radi-
ography phosphor plate, a digital radiography detector, 
or conventional film. Latent images have been changed 
by characteristics of the receptor itself.1 In the digital 
age, students typically learn radiography technique 
factors primarily in the context of how they affect the 
signal image, rather than the final displayed image, 
which can be changed by receptor characteristics, 
processing variables, or operator manipulation at the 
console, such as windowing. These 3 proposed terms—
signal image, latent image, and displayed image—are 
used throughout this article, according to the defini-
tions provided here.

Separating Signal Image and Displayed 
Image Characteristics

In January 2017, the latest revision of the con-
tent specifications for the ARRT’s Radiography 
Examination was implemented with a new set of 
revised definitions titled Attachment C, ARRT Standard 
Definitions.2 Four of the 9 defined terms also appear as 
column headings in a table titled Selection of Technical 
Factors Affecting Radiographic Quality. The second, 
third, and fourth column headings—contrast, spatial 
resolution, and distortion—are true displayed image 
qualities. The first heading, receptor exposure, is not 
a displayed image quality but rather a condition of the 
remnant x-ray beam as it reaches the image receptor.3 In 
this latest revision, the term receptor exposure replaced 
the term density, or brightness, which was found in early 
drafts of the revision, and the conventional term density, 
which was used in older versions of the ARRT Standard 
Definitions.4 When these older versions were in use, 
all 4 qualities (recorded detail, distortion, density, and 
contrast) were qualities of the image itself. However, 
the current table mixes image qualities with conditions 
in the remnant x-ray beam.

In 2009, the AAPM published its Recommended 
Exposure Indicator for Digital Radiography, Report of 
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a table addressing the qualities listed in the left column 
of Table 1.

Separating Digital Terms from a Film 
Screen Radiography Context

During the most recent revision of the content speci-
fications (2013-2015), a crosswalk table was published 
for Standard Definitions under the assumption that 
digital imaging terms can and should be correlated with 
conventional FSR terms.9 The crosswalk table was used 
throughout the revision process, which extended over 
many months. The definitions of dynamic range and 
receptor contrast attempted to correlate digital image 
receptors with FSR technology, placing these terms 
alongside film latitude and film contrast, respectively. 
This revision appears to have also assumed that the 
detector held the same dominant role in digital imaging 
that it held in the FSR imaging process. However, these 
assumptions can be misleading.

Consider the effects of scatter radiation on images. 
In film radiography, scatter radiation causes a chemical 
change in the film medium, which is readily identifiable 
as fog that cannot be changed after initial exposure. 
The terms scatter and fog became synonymous and 

with different body tissue. This is the contrast inher-
ent in the unprocessed signal image as it reaches the 
image receptor. Conventional teaching about the set 
technique factors (eg, the milliampere seconds can 
never compensate for insufficient peak kilovoltage) 
can still be taught in a traditional format as long as the 
modifier subject is connected with the term contrast. 
Finally, geometrical magnification pertains to the signal 
image reaching the detector and is created by the initial 
exposure conditions.7,8 The electronic display of the 
final image has introduced a method of magnification 
that most technologists are already familiar with from 
the daily use of computers—display magnification.8 
This feature allows changes to the magnification level 
of an image after it is displayed. Although geometrical 
magnification is still present in the displayed image, it is 
joined and largely superseded by display magnification.

Table 1 presents a list of suggested terms describ-
ing these 2 distinct stages (signal image and displayed 
image) in the imaging process. Terms in the left column 
of the table are appropriate for instruction related to set-
ting technique (ie, exposure) factors. These encompass 
the effects of peak kilovoltage (kVp), milliampere sec-
onds (mAs), exposure time, source-to-image distance, 
object-to-image distance, and all patient-related factors 
on the image. The terms in the right column are related 
to displayed image quality. This table demonstrates that 
receptor exposure, for instance, should not be conflated 
with brightness, nor subject contrast with displayed 
image contrast. The best way to avoid this issue is to 
keep instructional units separated in time, and when 
teaching each unit, instructors should employ the terms 
listed in Table 1 or other appropriately distinct termi-
nology. For example, instructors should focus on signal 
image qualities during a course in radiography expo-
sure, and save any analysis of displayed image qualities 
for a later course in digital radiography. For introduc-
tory courses, an overview of displayed image quality 
terms could be presented without any in-depth analysis.

In addition, the next revision of the content specifi-
cations for ARRT’s Radiography Examination should 
consider moving Receptor Exposure from page 6 to 
a section addressing the signal image and restoring 
the concept of brightness to the table listing displayed 
image qualities. The signal image section could include 

Table 1

Qualities of Signal Image vs Displayed Image in 
Digital Imaging
Signal image  
(primary influence)

Final displayed image  
(primary influence)

Receptor exposure (mAs) Brightness (rescaling)

Subject contrast (kVp) Contrast and grayscale (look-
up tables)

Noise (various) Noise (various)

Sharpness (focal spot) Sharpness (del and pixel size)

Geometrical magnification 
(SID/source-object distance 
ratio)

Geometrical magnification 
(SID/source-object distance 
ratio)

Display magnification (matrix 
size and FOV)

Shape distortion (alignment) Shape distortion (alignment)

Abbreviations: FOV, field of view; kVp, peak kilovoltage; SID, source-to-image 
receptor distance
Table courtesy of the authors.
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consequence of continuing to tie digital imaging with 
the FSR imaging.

Dynamic Range
In the ARRT crosswalk, the term dynamic range is 

correlated with film latitude. Because film latitude is a 
characteristic of the image receptor, dynamic range also 
is defined as a characteristic of the image receptor by 
limiting it to the detector. Some textbooks limit dynam-
ic range to the detector alone or to the monitor and the 
detector.10-12 Yet, many manufacturers have a digital 
processing feature commonly referred to as dynamic 
range compression or signal equalization, which is used 
in default processing to save computer storage space.13,14 
The entire bit depth of the computer system is beyond 
the range of the human vision. This allows compression 
to be used to a certain extent without visibly changing 
the displayed image, with room remaining for window-
ing the image.

When compression is used to such a degree that it 
visibly changes the displayed image, it is called dynamic 
range control, contrast equalization, or tissue equaliza-
tion; this is available to the operator at the console. 
Dynamic range control removes the brightest light 
shades (including pure white) and the darkest shades 
(including pure black) from the gray scale in the dis-
played image. Anatomical details previously hidden 
by extreme shades become visible.15 For example, the 
FUJIFILM Medical Systems CR Users Guide states 
that their dynamic range control system enhances the 
visualization of either high- or low-density regions for 
certain radiography examinations (see Figure 1).16

Figure 1 demonstrates that the dynamic range available 
to build up the displayed image has been manipulated 
through digital processing after initial exposure and 
after the data is sent form the detector to the computer. 
The concept of dynamic range should not be limited 
only to the image receptor, but should be considered a 
characteristic of the whole imaging system, including 
software.

Because software can manipulate dynamic range 
through digital processing after initial exposure and 
after the data is sent from the detector to the computer, 
it cannot be the only characteristic of the detector. The 
concept of dynamic range should not be limited only to 

were used interchangeably. In digital imaging, scatter 
radiation corrupts numerical pixel values in a particu-
lar region of the unprocessed image, but these initial 
numbers can be changed by digital processing before 
displaying the image.5 Most fog effects are corrected 
before initial image display, and the idea that scatter 
radiation directly fogs the final image in the same sense 
that it directly fogs a chemical film is misleading. In dig-
ital imaging, the central issue is how well the computer 
can correct numerical pixel values that were corrupted 
not only by scatter radiation but many other variables.5

In film radiography, the technique factor kVp is 
considered the controlling factor for image contrast, 
and mAs are the controlling factor for density.5 In digi-
tal imaging, however, the characteristics of the final 
displayed image are separated from initial exposure 
conditions. This makes kVp and mAs contributing fac-
tors rather than controlling factors in the final displayed 
image quality. Sufficient kVp and mAs are necessary 
factors in image production, but these preconditions do 
not control any aspect of the final displayed image after 
digital processing.5

In terms of its effect on final displayed image quali-
ties, digital processing is a greater variable than the 
initial factors set for technique.5 In the right column 
of Table 1, the primary digital processing controls for 
final displayed image qualities are listed in parentheses. 
These include at least 4 important changes caused by 
the advent of digital imaging:

 � brightness – affected most by rescaling and can 
be adjusted by the operator via window level (ie, 
leveling)

 � contrast or gray scale – affected most by gradation 
look-up tables and can be adjusted by the operator 
via window width (ie, windowing)

 � sharpness – affected most by pixel or dexel size
 � display magnification – affected by matrix size or 

field of view and can be changed by adjusting the 
zoom level

These digital processing controls are not presented 
in the selection of technical factors affecting radio-
graphic quality table in the content specifications, nor 
do they appear in table form anywhere else. They are 
listed in the document but are not referenced as affect-
ing the qualities of the final displayed image. This is a 
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range of brightness values (densities) that the system 
makes available. This range of available values has been 
determined not by the detector alone, but by software 
settings and digital processing completed immediately 
before image display. A term must be designated for this 
range of available values that is used to build up the dis-
played image. If not dynamic range, another appropriate 
term must be found.

If dynamic range is adopted to describe conditions 
immediately before image display, bit depth can be 
used to describe characteristics specific to the detec-
tor. Bushong states, “The maximum number of shades 
of gray that can be represented by a digital imaging 
system is the numeric range of each pixel or ‘bit depth.’ 
The actual dynamic range might be less than the bit 
depth.”22 The dynamic range of a system is a subset of 
the bit depth provided by any of its components, which 
can limit the dynamic range. This article proposes the 
use of bit depth to describe the detector, not as a matter 
of rigorous scientific accuracy, but as a teaching sug-
gestion designed to make these concepts more student 
friendly. Physicists frequently use the terms dynamic 
range and bit depth interchangeably, but for radiogra-
phers, using bit depth to describe hardware components 
and dynamic range to describe capabilities of the over-
all system, including software, will provide consistency 
and clarity for radiography students.

the image receptor but should be considered a charac-
teristic of the imaging system (see Table 2).

The term dynamic range originated in the physics of 
sound and music and since has been extended to several 
other fields.17,18 In his widely used textbook, Stewart 
Bushong defines dynamic range as:

the range of values over which a system can 
respond… Dynamic range is described as the 
number of shades of gray that can be represented... 
Digital x-ray systems are characterized by their 
dynamic range, which is limited by the capacity of 
the computer and the software.19

Carroll defines dynamic range as “the range of pixel 
values made available by the entire system (hardware 
and software) to build up a displayed image.”20 Carter 
and Vealé also define dynamic range as an ability of the 
overall imaging system.21 These generic definitions 
are applicable to any system and are broader than the 
ARRT definition, which limits the dynamic range to 
an image receptor. The detector is included in these 
definitions but not limited to it, thereby avoiding incon-
sistencies with concepts such as dynamic range control.

The term dynamic range is used commonly by 
physicists and manufacturers when describing a digital 
radiography detector. However, the gray scale appar-
ent in the displayed image is selected from a larger 

Figure 1. A posteroanterior chest projection. Details might be less 
visible without dynamic range control (a), but with Fuji’s dynamic 
range control, detail visibility is improved in the lightest areas of the 
mediastinum and the darkest portions of the lungs (b). Image courtesy 
of Charles C Thomas Publisher Ltd.

Table 2

Characteristics of System Equipment vs Image 
Qualities in Digital Imaging
Equipment terms for 
acquisition and processing 
of image

Qualities of final displayed 
image

Speed class Brightness

CNR Contrast and Grayscale

Dynamic range Noise

Spatial resolution Sharpness

SNR Geometrical magnification

Display magnification

Shape distortion

Abbreviations: CNR, contrast:noise ratio; SNR, signal:noise ratio
Table courtesy of the authors.
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setting technique and the displayed image in the con-
text of final diagnostic quality.

Digital processing has greatly affected the quality of 
the final displayed image, yet there are no digital pro-
cessing factors listed in the table Selection of Technical 
Factors Affecting Radiographic Quality or in the ARRT 
Standard Definitions. Because of the attempt to cor-
relate current terms with old FSR terms, aspects of 
the detector which are no longer useful are retained at 
the expense of digital processing, which is ignored. To 
properly address the new reality of digital imaging, the 
ARRT should consider adding a table to the radiogra-
phy content specifications to address the concepts listed 
in Tables 1 and 2.  Any aspects of the image receptor 
should be considered as contributing factors to the 
final capabilities of the digital radiography system and 
removed from official documents listing key factors in 
digital imaging quality.

Separating Equipment Terms from 
Image Characteristics

The left column of Table 2 is a suggested list of terms 
related to digital equipment used in image acquisition 
and processing. These are important characteristics 
of the entire imaging system, and they are presented 
alongside the final displayed image qualities from Table 
1 to emphasize the distinctions between them. For 
students, understanding the distinctions between these 
2 sets of terms might aid comprehension. Equipment 
terms should not be used in discussions about image 
qualities, and vice versa. Educators should keep terms 
for digital equipment and image quality separated into 
their proper contexts.

The concepts of contrast resolution and spatial 
resolution do not describe characteristics of the final 
displayed image. Rather, they describe what the 
equipment does: it resolves the projected image. In a 
physicist’s diagram of modulation transfer function, 
the vertical extent of the wave form is described as 
the contrast resolution of the image being produced 
and the horizontal spread of each wave as its spa-
tial resolution (see Figure 2). These 2 qualities are 
transferred by the imaging equipment from their pre-
sentation in the patient’s body to produce the image 
displayed on the monitor, hence, modulation transfer 

Removing Emphasis on the Image Receptor or 
Detector

In the 2013 ARRT crosswalk table, the discussion 
of digital image receptors equates the term receptor 
contrast with the older term film contrast. The defini-
tion for receptor contrast was updated in 2017 but still 
appears inadequate.9 This article recommends elimi-
nating the term from the ARRT Standard Definitions 
table for 2 reasons:

 � The image receptor or detector has inherent 
qualities other than contrast, such as sensitivity 
(ie, speed), which are equally important but not 
included in the ARRT Standard Definitions table.

 � The holding of the image by the image receptor is 
a brief step in the digital imaging process (ie, less 
than a few seconds for digital radiography) before 
digital processing, which will radically change 
the appearance of the final displayed image. 
Characteristics of the latent image held in the 
detector or image receptor do not hold the promi-
nent place they held for film radiography. Film 
was the medium for final display of the image; the 
digital detector is not.

Some textbooks continue to emphasize the high sen-
sitivity of digital image receptors to scatter radiation.23 
Although this concept is demonstrably true, it fails to 
take into account the ability of digital processing to 
correct those very effects. This ability has been demon-
strated repeatedly, and is most pronounced when digital 
imaging is compared with film radiography of the lat-
eral lumbar spine.15,24 As a whole system, digital units 
are less sensitive to the effects of scatter radiation than 
film technology. The sensitivity of the detector in isola-
tion becomes a minor point, considering final results on 
the displayed image.

In the digital imaging process, radiographers are 
concerned primarily with initial exposure conditions 
in the remnant x-ray beam affected by the setting of 
technique factors (ie, signal image) and results appar-
ent in the final diagnostic image (ie, displayed image) 
(see Table 1). Characteristics of the latent image 
held by the detector or image receptor should be 
downgraded from the prominence they hold for film 
technology. Radiography students then can focus on 
the crucial aspects of the signal image in the context of 
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purposes, there are 6 qualities of the clinical image 
(see Figure 3)28:

 � brightness
 � contrast (gray scale)
 � magnification
 � noise (including all artifacts)
 � shape distortion
 � sharpness

When evaluating the image of a bone, all of these char-
acteristics are applicable, yet it is nonsensical to apply 
them as questions for a single line or dot. For example, 
“How much noise is present in a single dot?” or “Is a 
single dot distorted?”

In the current ARRT Standard Definitions, the term 
spatial resolution replaces the older term recorded detail, 
yet both are defined as the sharpness of structural 
lines and edges in the image.4 The question arises as 
to why the term sharpness cannot be adopted. Suitable 
definitions for sharpness are available from a standard 
dictionary or from some radiography textbooks.29 In 
this context, Merriam-Webster’s Collegiate Dictionary 
defines sharp as “involving an abrupt or marked 
change.”30 Articles by physicists and manufacturers use 
sharpness when referring to this image quality. A 2015 
white paper on virtual grid technology, published by the 
Fujifilm Research and Development team, had a section 
titled Sharpness in which the edge method is used to 
measure modular transfer function. Sharpness is used 
throughout the section and also appears in figure 13 
(Study Condition for Sharpness Measurement) and in 
figure 14 (Sharpness of a Virtual Grid).31

Spatial resolution is inappropriate as an image 
quality because it is an equipment term referring to a 
process. It also is inappropriate because it is a physics 

function. This transfer of information is a process 
rather than an image quality. In Table 2, contrast 
resolution and spatial resolution belong in the left 
column, along with speed class, dynamic range and 
signal-to-noise ratio.

The receptor and monitor affect displayed image 
qualities, such as noise, and their bit depth sets limi-
tations on the dynamic range of the overall system. 
However, software also affects dynamic  range and 
should receive equivalent attention in the classroom. 
This is in keeping with the idea that the primary focus 
is on the clinical result—the final displayed image. The 
left column of Table 2 includes all software and hard-
ware as equipment.

Separating Physics Terms from Clinical 
Radiography

In science, scale is essential to context. For example, 
the ultrasmall world of the atom is governed by quantum 
physics, people’s lives are governed by Newtonian phys-
ics, and the universe is governed by relativity.19,25 People 
are not concerned about disappearing like an electron 
or feeling time slow down like the universe because our 
world experience is on a vastly different scale. Physicists 
examine the image at the most microscopic scale, a dif-
ferent scale than what is used in clinical applications. A 
radiographer’s primary concern is the gross image rather 
than the microscopic image—as images of bones and 
organs rather than single lines and dots—and the clinical 
diagnostic value of an image rather than the performance 
parameters of the equipment.19,25

Physicists use the 2 image qualities—spatial resolu-
tion and contrast resolution—to describe a microscopic 
detail such as a single line (ie, edge spread) or dot 
(ie, point spread).26,27 They might examine whether a 
dot is visible against the background (contrast resolu-
tion) or if it is distinguishable as separate from other 
dots (spatial resolution). For the physicist, resolution is 
directly measured with a line-pair test template or simi-
lar device, which also provides the modulation transfer 
function for an imaging system.27

Though radiographers should be familiar with 
these 2 terms when comparing the capabilities of dif-
ferent types of equipment, they might not be the best 
terms for them to use in daily practice. For diagnostic 

Spatial Resolution

MTF

Contrast
Resolution

Figure 2. A modulation transfer function graph. Contrast resolution 
is indicated by the vertical amplitude of the waveform, and spatial 
resolution is indicated by the horizontal dimension (line-spread 
function). © ASRT 2020.
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all of the useful, organized information carried by the 
remnant x-ray beam and therefore, is a broad concept, 
inclusive of all constructive contributions to the quality 
of the image. It is consistent to define noise in the same 
broad context, encompassing all negative contributions 
to image visibility.

Some imaging physics textbooks restrict the discus-
sion of image noise to quantum mottle.32 Carter and 
Vealé define noise as any type of signal interference, 
whereas Carroll defines it as any form of useless input 
that interferes with visibility.33,34 Further, Bushong 
attributes it to many factors, including structure mottle, 
quantum mottle, and scatter radiation.26 Noise is 
not defined in the ARRT Radiography Examination 
Content Specifications and is not listed in the ARRT 
Standard Definitions.

In his textbook, The Physics of Radiology, Dr. 
Anthony Wolbarst, PhD, provides a section called 
Forms of Noise Other Than Mottle, in which he describes 
at least 6 forms of nonmottle noise and alludes to other 
additional forms.35 According to Wolbarst, “From a 
broader perspective, noise is anything in an image that 
detracts from its clinical usefulness. The presence of 
tissues other than the organ of interest in the patient’s 
body are invariably sources of unwanted signals.”35 
Scatter radiation is identified as a form of noise that 
carries no useful information but diminishes subject 
contrast. Wolbarst lists 2 more sources of noise related 
to electrical f luctuations:

A number of imaging modalities make use of 
detector devices that generate weak electrical 

term focusing on the microscopic aspects of the image 
instead of the gross image that is of clinical interest to 
the radiographer. For radiographers, the simple term 
sharpness can be used when describing the acuity or 
abruptness with which the edges of a bone or other 
image transition to the background density.

Expanding 4 General Image Qualities
The third section of the ARRT Radiography 

Examination Content Specifications, subtitled, “Image 
Production,” contains a table correlating the effects 
of 12 variables on “Seelction of Technical Factors 
Affecting Radiographic Quality.” The image quali-
ties are limited to 4 categories and have been for more 
than half a century, presumably to simplify the concept 
for students. The categories are receptor exposure, 
contrast, spatial resolution, and distortion.2 These 4 
image qualities are still taught as part of a diagrammed 
hierarchy of image qualities, which was published as 
Attachment C, ARRT Standard Definitions.4 This hier-
archy also was included in Gerald Cummings’ popular 
Correctec review books and other publications until 
recently. It divides overall image quality into 2 broad 
categories, detail sharpness and detail visibility, which 
are each divided further into 2 components; detail 
sharpness is divided into recorded detail and distortion, 
and detail visibility is divided into density and contrast.

For decades, the physics community has empha-
sized the concept of signal:noise ratio, which indicates 
an inclusive, broad category and suggests that noise 
is a component of every image. Signal, as used here, is 

Image quality

Visibility
Recognizability

(geometric integrity)

Brightness
(density) Shape distortionMagni�cation

(size distortion)NoiseContrast
(gray scale)

Sharpness
(spatial resolution)

Figure 3. The hierarchy of several image qualities for the radiographer at the gross (bone) image level. Noise was added under the visibility category. 
Image courtesy of Charles C Thomas Publisher Ltd.
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Signal:noise ratio also is an important concept that 
should be taught to modern radiography students, 
but note that in Table 2 it is listed as a capability of 
the imaging system rather than as an image quality. 
Although signal:noise ratio can apply to the image itself, 
in terms of organizing a curriculum, a stronger case 
can be made to include this concept in a unit on overall 
equipment capabilities.

Conclusion
There are several reasons for inconsistent imaging 

definitions in radiography. First, educational materi-
als mix qualities of the final displayed image with 
characteristics of the remnant x-ray beam signal. They 
also inaccurately apply digital terms to an FSR context 
and mix equipment terms with image characteristics. 
Finally, educational materials mix physics terms with 
clinical radiography terms and limit the number of 
essential image qualities. Future research could include 
the formation of a consortium between the ARRT, the 
ASRT, and the AAPM to solidify standardized terms. 
A clear understanding of the qualities of the displayed 
radiographs and how they are produced is essential to 
the success of radiographers and radiography students. 
The process by which these terms are defined should 
always be transparent and open for all to see, test, 
and judge.
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signals…and the number of electrons actually 
involved at any instant will vary about the average 
according to Poisson statistics. Sometimes more 
noticeable is the noise injected into the sensitive 
detector electronics by external sources, such as 
lightning storms, sparking of machinery, and some 
fluorescent lamps. Poisson noise (quantum mottle) 
is thus but one component of this more general 
category of sources of image degradation, some of 
which may be of importance.35

In addition, he states that imaging devices can contrib-
ute to the noise in a variety of other ways. For example, 
abnormalities in an image can be caused by imperfec-
tions in the computer reconstruction algorithms.35 This 
might be labeled as algorithmic noise.

Radiographers might remember the FSR imaging 
concept of material mottle caused by defects in the 
smooth distribution of crystals in either the film or the 
intensifying screen. This same type of mottle is possible 
in computed radiography phosphor plates and in the 
scintillation layers of indirect-conversion digital radiog-
raphy detectors. All of the above presents a compelling 
case against limiting the concept of noise to quantum 
mottle only. Of particular importance is the under-
standing that scatter radiation also is an important form 
of noise. In the digital age, the use of grids involves a 
trade-off between 2 forms of noise: scatter radiation and 
quantum mottle. Scatter radiation increases without 
the grid, whereas quantum mottle is more likely when a 
grid is added, unless the technique is fully increased to 
compensate, which results in higher patient dose.

Using Wolbarst’s broad definition for noise as 
anything that obstructs the visibility of the image, all 
negative contributions to image visibility can be included 
in the traditional hierarchy of image qualities under a sin-
gle category termed visibility factors, as shown in Figure 3.

Using the hierarchy presented in previous versions of 
the ARRT Standard Definitions, it is unclear whether 
grid lines or other artifacts, quantum mottle, or scatter 
radiation would fall under which visibility quality: den-
sity or contrast. However, all of these concepts fit neatly 
into a category for noise as defined by Wolbarst. Noise 
should be added to the ARRT Standard Definitions 
table to account for all concepts previously missing 
from the list of relevant, important image qualities.
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STANDARDIZING DIGITAL RADIOGRAPHY TERMINOLOGY 
Carroll and Veale 

 
Table: Proposed Terms for Stages of the Image 

  Proposed Standardized Terms for the Stages of Radiographic Image Production 
 
Signal Image: The image information carried by the remnant x-ray beam, prior to any 

capture by an image receptor (IR). 
 
Latent Image: The image information stored by the image receptor (IR), prior to any digital 

or chemical processing. 
 
Displayed Image: The processed image used for diagnosis. For digital images, the initial 

displayed image may be further modified at the console through windowing 
and other operator controls. 

 

Table 1 

  Crosswalk: Signal Image Vs. Displayed Image Qualities (and Primary Influence) 
Signal Image (Remnant Beam Image) Final Displayed Digital Image 

 
Receptor Exposure (mAs) 

Subject Contrast (kVp) 
Noise (Various) 

Sharpness (Focal Spot) 
Geometrical Magnification (SID/SOD Ratio) 

 
Shape Distortion (Alignment) 

 
Brightness (Rescaling)  

Contrast / Grayscale (LUTs) 
Noise (Various) 

Sharpness (Del/Pixel Size) 
Geometrical Magnification (SID/SOD Ratio) 

Display Magnification (Matrix Size/FOV) 
Shape Distortion (Alignment) 

 

Table 2 

Characteristics of Equipment Vs. Image Qualities 
Acquisition and Processing System Equipment Final Displayed Digital Image 

 
Speed Class 

Contrast Resolution (CNR) 
Dynamic Range 

Spatial Resolution 
Signal-to-Noise Ratio (SNR) 

 

 
Brightness 

Contrast / Grayscale 
Noise 

Sharpness 
Geometrical Magnification 

Display Magnification 
Shape Distortion 
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