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What is medical image quality? To answer appro-
priately from a clinical perspective, one should

first review the objectives of medical imaging. These
can be broadly categorized as the ability to extract in-
formation (signal) from within living organisms (noise)
and to provide spatially discrete mapping (anatomical
information). In this sense, the goal of imaging is to act
as a surrogate record of morphology and physiology.

What makes an image diagnostically useful? To
answer, one should review the diagnostic process and
chain of events from image generation to diagnosis (Fig.
3.1). To begin with, some type of energy source (eg,
X ray, ultrasound, radiofrequency, or gamma ray) is
used to expose a subject to develop a signal pattern.
An imaging system detector (eg, imaging plate, trans-
ducer, coil, or photomultiplier tube) records the signal
pattern. The image then must be constructed in either
an analog or digital fashion. This record then must be
displayed, which, again, may be in an analog or digital

medium. An observer then views the images. The
quanta of light that come off an image are detected on
the retina of the eye. The retina contains an active
neural network and performs functional differentiation.
Therefore, processing begins at the retinal level. The
sensory pathways and the visual cortex further pro-
cess this information. Interpretation also relies greatly
on nosology, the knowledge of normal anatomy, imag-
ing techniques and artifacts, and disease processes—
part of the reason that radiology training takes at least
4 years. A diagnosis is then generated and reflects a
complex synthesis of all the components.

In the electronic environment (ie, a picture
archiving and communication system [PACS]), image

Figure 3.1  Conceptualization of the diagnostic process.
Reproduced with permission from (7).

TABLE 3.1

Acquisition Quality Measure

• Modulation transfer function
• Detective quantum efficiency

• Signal-to-noise ratio
• Limiting spatial resolution

• Noise power spectrum
• Noise equivalent quanta
• Contrast (photometric) resolution

• Exposure dynamic range
• Uniformity

• Artifacts

acquisition and display are uncoupled, and this para-
digm may be extended to image quality assessment.
Therefore, one should consider acquisition and display
as separate image quality areas. Several quality mea-
sures may be used in assessing acquisition (Table 3.1).
Some are specific to certain types of modalities, such
as the detective quantum efficiency (DQE) measure
for radiography. Others, such as the signal-to-noise ra-
tio (SNR), may be more broadly applied. For example,
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human performance predicted by SNR shows 30%–
50% efficiency for noise-limited tasks and ~50% effi-
ciency for statistically defined signals and backgrounds.
Efficiency is defined as the square of the ratio of hu-
man observer performance to ideal observer perfor-
mance. However, there is no single acquisition quality
measure that can sufficiently or completely character-
ize an imaging system or, more important, define the
ability to make a diagnosis. Therefore, metrics based
on arbitrary properties of an image are not sufficient
predictors of human performance for clinically relevant
visual detection tasks.

ACQUISITION
On the acquisition side, the most common clinical

modalities are radiography, fluoroscopy, computed to-
mography (CT), ultrasonography, magnetic resonance
(MR) imaging, and nuclear medicine imaging.

Radiography traditionally has been analog, using
a film–screen combination to capture the signal from
X rays that have been transmitted through a body part.
Digital mechanisms in radiography come in two broad
categories: computed radiography (CR) and direct ra-
diography (DR). CR uses a photostimulable phosphor
imaging plate (IP) and a screen analogous to a film–
screen system. The latent image is created on the IP
by light emitted from the screen after exposure to X
rays. The latent image from the IP is read with a laser
light through a processor to create the optical densi-
ties. DR is the direct conversion of electrons into sig-
nal and does not use a processor. It is based on elec-
tronics such as charged-coupled devices (CCDs), thin-
film transistors (TFTs), and selenium or silicon detec-
tors.

CT and MR imaging are inherently digital, with
the signal being created by complex mathematical trans-
forms generated by computers. CT imaging is
a transmission modality using X rays as the energy
source. Rather than generating a projection image (ie,
a “shadowgram”) from a single wide-area
exposure, a cross-section is constructed by
backprojections, based on data from a collimated X-
ray beam that rotates around the patient. MR imaging
is a type of emission tomography in which protons are
excited by radiofrequency energy and “sing” back via
echoes (eg, spin echo, gradient echo, etc.) as they re-
turn to the relaxation state. Ultrasound and nuclear
medicine are also captured by digital devices but have
traditionally been displayed on an analog medium (film).
However, because of their lower spatial resolution and
smaller memory requirements, they are target areas

for early implementation of PACS. Traditionally, the
focus for modality acquisition quality has been on engi-
neering better design and construction for imaging sys-
tems.

Display
Several media are used for image display, includ-

ing film, paper, cathode ray tube (CRT), and flat-panel
detectors. Flat-panel detectors for medical imaging may
be plasma display panels (PDPs) or liquid crystal dis-
play (LCDs). Each of these display media has been
used for medical imaging, and it is likely that each will
continue to have a role in some fashion. It is unlikely
that digital display panels will completely replace pa-
per or film for all applications in the near future.

Artifacts
Artifacts are produced by the acquisition device

and/or subject factors. Postprocessing may be per-
formed to decrease artifacts, but there is often a pen-
alty of increased noise within the image. Although many
observers learn to recognize artifacts, the need to ne-
gotiate around numerous artifacts leads to reduced
observer confidence. Task-specific interference may
also affect the diagnosis. Image variability is derived
from two main sources. System variability is related to
image acquisition (eg, “quantum” noise), and object
variability is mostly related to “anatomical” noise. Ob-
viously, normal anatomy is an essential consideration
for detecting structural abnormalities. The three main
areas in which image quality affects observer perfor-
mance are the search process, false positives (false
signal), and masking (camouflaging). In addition, diffi-
culties in detecting subtle abnormalities often arise be-
cause of the psychovisual elements that influence the
detection process and the nature of decision making.

Light and Display Quality
When discussing image quality, it is important to

review the various measures of light involved in clini-
cal diagnostic imaging. Illuminance is the measure of
light in a room (light falling on a surface) and is typi-
cally measured in foot-candles, candela per square
meter per steradian (sr), or lux (1 foot-candle = ~10.764
lux; and 1 lux = 1 candela/m2/sr). Luminance is a mea-
sure of light emitted from a surface into a small solid
angle (usually over about 6°). It is measured in nits,
candela per square meter or foot-lamberts (ft-l) (1 ft-l
= ~10.764/pi nits; 1 nit = 1 candela/m2). More impor-
tant then the absolute values are the relative values
that exist between different displays. The luminance
of a typical viewbox will range from 1000 to 5000 nits,
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depending on whether it is low intensity, high intensity,
or used for mammography applications. The luminance
of CRT monitors employed for medical imaging may
range from 75 to 600 nits but more typically is in the
75–100 nits range. Therefore, an order of magnitude
separates the luminance available from a viewbox from
that available on a CRT monitor. The implications be-
come quite apparent when attempting to view images
in different ambient light conditions.

THE HUMAN VISUAL SYSTEM
It is also important to consider certain aspects of

the human visual system (HVS) and determine whether
softcopy images are suitable for viewing with the hu-
man eye. Important characteristics of the HVS that
should be considered are contrast sensitivity (to both
spatial resolution and temporal resolution) and dynamic
range. Contrast sensitivity and spatial resolution de-
pend on a threshold contrast, with enough of a differ-
ence in luminance from the baseline luminance to per-
ceive a discrete structure. The probability that a stan-
dard observer can perceive an object also depends on
the test pattern size, shape, frequency content, and any
background noise (structured or unstructured). Con-
trast sensitivity and temporal resolution are largely re-
lated to the refresh rate of the monitor screen. The
eye becomes quite sensitive to refresh rates that are
<30 Hz (cycles/sec) but also perceives flicker up to
~60 Hz. However, this is not usually an issue, because
most monitors can produce refresh rates >70 Hz and
thus have “flicker-free” displays.

Dynamic range is quite interesting. Across the
entire visible spectrum, the absolute range for the HVS
is >6 orders of magnitude. However, for clinical imag-
ing work, the range is much reduced. For grayscale,
about 60–90 just noticeable differences (JNDs) are
available to the HVS, and, for color, >500 JNDs are
available. Monochrome CRTs have spatial resolution
in the range of a 1–2-k matrix. The contrast ratio (maxi-
mum luminance over minimum luminance) is variable
and can range from 300 to 600 nits. This is because
the maximum luminance varies close to 600 nits and
the minimum approaches the scotopic region of the
HVS. Veiling glare is related to light reflected off the
face plate from internally generated sources and un-
equivocally impairs diagnostic ability. Glare also comes
from outside sources that appear as reflections in the
face plate (specular reflections). The photometric reso-
lution for most displays is 8–12 bits but also depends
on the gamma (characteristic) curve of the specific

monitor.
As discussed in other chapters of this primer, the

dynamic range of a display is quite important. Some con-
fusion exists about the differences between brightness
and contrast versus window and level. These are differ-
ent but can influence the same attributes of an image.
They are basically separated at the digital-to-analog con-
version (DAC) process. The pre-DAC
component, in which the native image will be manipu-
lated, is digital. The post-DAC component is the
analog video signal to the CRT display. The pre-DAC
component permits the selection of a range (window
and level) of tonal information to be presented, whereas
the post-DAC component is for setting the display’s dy-
namic response (brightness and contrast).

DICOM GRAYSCALE DISPLAY FUNCTION
The Digital Imaging and Communications in Medi-

cine (DICOM) grayscale display function (GSDF) de-
termines how the CRT dynamic range can be mapped
to the HVS so that images appear similar, irrespective
of display media. Although monochrome CRT monitors
are suitable for HVS viewing of softcopy images, color
CRT monitors have different attributes, complicating their
ability to render diagnostic quality images. A color moni-
tor uses three beams (red, green, and blue [RGB]), cor-
responding to the phosphor types. A shadow mask ab-
sorbs a substantial amount of the electrons and thus re-
duces overall luminance. The RGB pixels must be sum-
mated to produce a white intensity, and the shadow mask
dictates the pixel density. A monochrome CRT usually
has a single phosphor, and the optics dictate the pixel
density. The trade-off for using a color CRT instead of a
monochrome CRT is as follows. The shadow mask puts
limitations on luminance, contrast, and resolution. The
maximum luminance is usually in the range of 80–100
nits. The veiling glare is increased, which results in poorer
small detail. A look-up table (LUT) is needed to optimize
a grayscale rendition on color CRT monitors, and the
maximum spatial resolution is nominally limited to 1280
x 1024 pixels to allow appropriate dot pitch and refresh
rate and to minimize aliasing and other artifacts.

IMAGE QUALITY STANDARDS
Image quality standards should be considered in two

components: optimization and consistency. Optimization
is subjective (ie, “image quality is in the eye of the be-
holder”). The Medical Image Perception Society is work-
ing on perceptually based standards for image quality.
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Consistency is an important concept and assures that
images appear similar irrespective of display media.
This is addressed by DICOM services, which include
the GSDF, presentation LUT, and presentation state
storage. In addition, the American Association of Physi-
cists in Medicine (AAPM) has a task group (TG18)
that is addressing the assessment for display perfor-
mance of medical imaging systems. The AAPM TG18
scope is to cover monochrome CRTs and flat-panel
displays. The goals are to provide standardization, per-
formance criteria, education, communication, and pro-
fessional development.

The DICOM GSDF (part 14 of the standard) fa-
cilitates having an image appear similar across dissimi-
lar displays or on the same or similar displays at different
times (a solution for the consistency issue). It relies on
the concept of perceptual linearization. This is the uni-
form mapping of presentation (P) values into density
and luminance, based on the Barton model of human
contrast sensitivity, and of JNDs. Perceptual lineariza-
tion allows for a mathematically defined relationship
between the input value to a device and its output value.
The process results in a uniform perceptual change for
any given input. The grayscale softcopy presentation-
state storage takes the presentation LUT and maps it
into P space. Presentation-state storage supports the
storage of parameters related to the way a specific
image was displayed and the manipulations (if any)
applied by the person interpreting that image. It is a
mechanism to communicate intended presentation
states for softcopy and to store/record a specific pre-
sentation state.

The GSDF calibration for monitors may be per-
formed manually, automatically, or remotely. The first
step is to measure the characteristic curve of the dis-
play system and the ambient light level. The second
step is to compare this with a standardized display sys-
tem that has the GSDF. The third step is to compen-
sate the monitor and to measure the quality of the stan-
dardization in steps.  Studies have shown that visual
searching using a monitor with a linearized display
(DICOM GSDF) is more efficient and has greater di-
agnostic accuracy than with a nonlinearized softcopy
display. In addition, the linearized display offers de-
creased total viewing time, less fixation clusters, and
decreased dwell time for all types of decision making
(true negatives, false negatives, true positives, and false
positives). These data support the use of DICOM
GSDF in clinical practice and present an area in which
vendors have yet to accommodate in PACS deploy-
ments.

Viewing Conditions
As stated previously, considerations for viewing

conditions are paramount given the differences in lu-
minance between softcopy displays and viewboxes.
Illuminance is measured in lux. Direct sunlight produces
~105 lux, and an overcast day produces ~103 lux. Twi-
light produces ~101 lux, and moonlight produces ~10–1

lux. A typical office room is 75–100 lux, and a radiol-
ogy reading room is on the order of 2–25 lux. This is
important, because reading rooms will need to have
less ambient light and more indirect lighting sources to
produce suitable viewing environments for softcopy
displays.

Several important aspects affect the ways in
which ambient light can reflect on the softcopy dis-
play. Reflected light, which may be specular or dif-
fuse, can show up in the face plate. Ambient light also
decreases the perceived image contrast. Antireflective
coating can be employed, but this decreases the lumi-
nance of the monitor and typically is worse for CRTs
than for flat panels. The effect is most pronounced in
environments such as the operating room and outpa-
tient clinics, where ambient light is not at as low as that
in a diagnostic radiology reading room or cannot be
easily controlled. A flat-panel display may perform more
favorably, given its ability to produce higher luminance
than CRTs.

Another issue with luminance is whether abso-
lute or relative values are more important. Contrast
resolution may be the predominant factor mitigating
the need for very bright monitors. Higher luminance
monitors do have a physiological effect. Pupil diam-
eter is decreased with higher luminance displays, which
decreases overexcitation and improves recovery time

TABLE 3.2

Softcopy Display Quality Measures

• Spatial resolution

• Contrast (photometric) resolution

• Luminance

• Modular transfer function

• Veiling glare

• Noise (spatial and temporal)

• Flicker

• Display size

• Display uniformity
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of retinal photoreceptors. This phenomenon, coupled
with evidence that detection of low-to-moderate con-
trast target detection is improved with smaller pupil
size, favors high-luminance displays. There is also evi-
dence showing increased fatigue with lower luminance
displays.

Observer Performance
Observers are a key aspect of the imaging

quality “chain.” Psychophysics is the discipline that en-
compasses physics and psychology. The methodology
for assessing human performance is important because
of both inter- and intraobserver variability.

 Receiver operating characteristic (ROC) curves
are accepted as the most complete way to quantify
and report accuracy in two group classification tasks.
Radiologists achieve different combinations of sensi-
tivity and specificity by altering the “threshold” between
normal and abnormal and by using more lax or strict
criteria. ROC analysis is suited to isolating “decision
threshold” effects from inherent differences in diag-
nostic accuracy. The area under the curve (AUC), also
denoted by Az, is a popular summary measure of diag-
nostic accuracy. The AUC corresponds to the prob-
ability of a pair of independent diseased and
nondiseased measurement values being in the correct
order (ie, the probability of disease is greater than the
probability of no disease or vice versa, depending on
the location on the curve). Alternatively, one may com-
pare the partial AUC that exists between two fixed a
priori values for specificities between two diagnostic
modalities or permutations thereof.

Other summary accuracy measures include con-
fidence intervals and bands, point of intersection, and
optimal intercept. A horizontal or vertical confidence
interval of the true-positive rate (TPR) for a specified
false-positive rate (FPR) or vice versa may be con-
structed. The point of intersection is the ROC point at
which sensitivity and specificity are equal and believed
to reflect test accuracy. The optimal intercept is a line
tangent to the ROC curve with the optimal slope. ROC
studies are time consuming and costly, because they
require a large number of human observations, espe-
cially if the number of possible conditions is large. In
addition, several practical and important issues for ROC
analyses are unresolved, but solutions are being pur-
sued.

As in other imaging analyses, ROC studies may
suffer from verification bias and the imperfect crite-
rion (“gold standard”) bias. Verification bias occurs

when not all subjects who undergo an imaging proce-
dure receive the criterion standard verification. Typi-
cally, patients with negative imaging are less likely to
undergo a confirmatory procedure (eg, patients with
negative knee MR imaging are unlikely to have
arthroscopy). A so-called gold standard may be some-
what tarnished and not entirely accurate for compari-
son. Again, using the knee as an example, an
arthroscopist may not visualize all aspects of both me-
nisci, depending on the number and types of portals
used. Also, areas such as the subarticular bone and
extra-articular soft tissues are not well evaluated with
arthroscopy but are exquisitely evaluated with MR
imaging. Ideally, to provide an unbiased estimator for a
test’s accuracy, the disease status of each patient needs
to be determined independently from the imaging re-
sult.

The generic task of lesion detection is complicated
by several factors. One needs to locate an abnormality
within a complex pattern of anatomical details, relying
on a visual search and expertise. Considerations for
evaluating imaging systems include the task, the ob-
server, and the image properties.
Imaging tasks may be categorized as detection, com-
parison, staging, classification, and estimation accord-
ing to Kundel. In a detection task, the goal is to char-
acterize an image as normal or abnormal. Comparison
involves identifying a change in appearance or deter-
mining same–different status. Staging is determining
the anatomical location and extent of a lesion. Classifi-
cation is making an assignment to a predefined class
of objects. Estimation encompasses quantifying the size,
shape, or intensity of an object. The ideal observer is a
model that describes the performance of an optimum
decision maker with respect to a specific task. Model
observers are computer algorithms that attempt to pre-
dict human visual performance in noisy images. One
goal is to develop model observers that will become
the desired metrics for optimizing image quality. The
key components required for the use of model observ-
ers for medical image quality evaluation are: the visual
task, signal and image backgrounds, figure of merit,
the model observer itself, and comparison to the hu-
man observer. This complex interaction is made more
difficult by the number and variety of model observers
and an assortment of methodologies available to deter-
mine performance.

Search is a critical function performed by an ob-
server. Search involves a target, prior knowledge about
the target-to-background relationship, and selective
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attention focused on the task. Decision-centered mod-
els for visual perception (eg, Gregory–Rock model)
are based on observer hypothesis testing. The global-
focal search model (Kundel and Nodine) follows from
the decision-centered model. It specifies that the initial
activity is a preliminary analysis of the total retinal im-
age and that specific analyses of selected areas en-
sue.

Expertise is a desirable attribute for an observer.
It may be considered the ability to acquire and use
contextual knowledge. Medical imaging experts de-
velop stored knowledge representations of anatomical
maps (or templates) that are known as schema. Radi-
ologists are characterized by using a searching strat-
egy that is based on heuristics. This strategy is neither
a random process (as a layperson might attempt) nor a
rote, exhaustive viewing of all areas on an image (as a
computer program would perform). Expert observers
first look for perturbations in the schema (this is the
global component of the global-focal search model).
Visual scrutiny is then applied to these “focal” areas of
perturbations. Object segmentation and feature extrac-
tion are performed, and then the accumulated attributes
are compared against a “diagnostic list” until a deci-
sion is made as to whether the identified perturbation
is considered a lesion. Expertise is dependent on the
amount of mentored practice (ie, a residency training
program) and the number of cases read (ie, increasing
the repertoire of schema available).

Compression
A few words should be mentioned with regard to

data compression and the potential impact on image
quality. Data compression is possible because infor-
mation in an image is not random. Compressed images
are a more compact form of representation. The ben-
efits of a smaller file size are obvious, in that it reduces
archiving requirements and increases the data transfer
rate. However, the influence of compression on image
quality is uncertain and the subject of some contro-
versy. Some evidence suggests that, at low levels of
compression, the noise in the image is preferentially
compressed and, thus, this serves as a filtering mecha-
nism for noise reduction. However, the ultimate ques-
tion is impact on diagnostic yield. Compression param-
eters include compression ratio, computation time, and
image quality (degradation). The compression ratio is
expressed as the ratio of the file size of the original to
the compressed image (eg, 2:1 or 100:1). Lossless ra-
tios are at about 2:1 or 3:1. Lossy techniques can
achieve any compression ratio but offer less fidelity at

higher ratios. Computation time is also involved in en-
coding and decoding the compression. Once images
are transferred, they must be uncompressed for view-
ing, but these times usually are insignificant. The three
key steps to image compression (transformation, quan-
tization, and encoding) have been outlined in a white
paper by Erickson.

Three principle methodologies guide evaluation of
irreversible compression: numerical analysis, subjec-
tive evaluation, and diagnostic accuracy. Numerical
analysis may be performed on the pixel values before
and after compression. Subjective observer evaluation
may be performed focusing on the aesthetic accept-
ability and estimated (not actual) diagnostic value.
Objective measurement of diagnostic accuracy is per-
formed by use of blinded or masked evaluations ver-
sus a criterion or “gold standard” reference. However,
there are problems with each of these methods. The
quantitative methods (mean square error, peak SNR)
do not correlate well with observer opinion. Subjective
techniques have two basic assumptions. First, if a radi-
ologist rates one rendition superior to another, then it is
easier (more pleasing) to look at.  Second, this ease of
viewing also makes it easier to provide a correct diag-
nosis. Unfortunately, a pleasing image may have more
to do with familiarity (ie, training) than true image qual-
ity superiority, although observers tend to equate aes-
thetics with quality. Subjective evaluation by an expert
observer is appealing. However, “visually lossless” is
not equal to “diagnostically lossless,” and subjective
preference is not equal to diagnostic capability. There-
fore, subjective methodologies have problems with va-
lidity. Although observer performance studies using
ROC curves are more objective (more valid), they are
also problematic, in that many differential diagnoses
exist for a specific imaging study of a specific body
part and all these diagnostic possibilities are rarely ex-
haustively tested. Therefore, observer performance
studies have problems with generalizability. Inherent
intra- and interobserver variability can be substantial.
The perceptual and cognitive factors may outweigh
differences in performance based on the “technical”
factors that were originally the confirmatory hypoth-
esis to be tested, thus reducing the power of these types
of studies. Although no single metric exists for diag-
nostic yield, the combination of subjective and objec-
tive (or at least more objective) assessments used in
numerous different studies and settings strengthens
support for the use of compression. Current evidence
indicates compression ratios on the order of 10:1 are
suitable for most types of examinations.
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Issues about development, implementation, and
deployment affect the use of proprietary compression,
with associated risks in both support and life span of
equipment. This becomes especially problematic for
long-term archives (several military installations have
large archive platters that are no longer supported by
the vendor and include proprietary compression). This
may compromise interoperability. Interoper-ability risks
are minimized by using DICOM. In a DICOM net-
work, there is negotiation of a transfer syntax, and both
receiving and sending devices will work if they support
the same compression algorithm. Remember that
uncompressed baseline is guaranteed in DICOM. How-
ever, for DICOM media there is an a priori decision
required if compression is used with no negotiation
mechanism. Therefore, compression in an archive can
be used to reduce media costs and, by employing stan-
dard compression schemes, the migration risk is re-
duced.

It is commonly believed that not all the informa-
tion in an imaging study or data set is equally utilized in
all situations and by all types of observers. These are
the context-specific issues for which the main ques-
tion becomes: how much “quality” is enough? Or, how
poor an image can you tolerate for your purposes?
Some observers try to segment or stratify needed im-
age quality versus intended use or user. In this para-
digm, there are several “classes” of users. Some may
separate intended use into the following categories: di-
agnosis, review, electronic medical record (archive),
education (students, house officers, and patients), and
procedure guidance (“road mapping”). The main ar-
gument against this stratification concept is that it is

very difficult to know a priori the intended use for the
image. In addition, studies on observer performance
show that expert observers (eg, radiologists) fair bet-
ter with relatively poor-quality images then do
nonradiologists in clinical situations. There is no doubt
that many nonradiologists use images in a fashion much
like radiologists. That is, crucial diagnostic information
is extracted and therapeutic decisions are made based
on that interpretation, mandating that full fidelity im-
ages are available to these observers.

DISPLAY QUALITY MEASURES
Similar to acquisition, there are several proposed

metrics for display image quality (Table 3.2). Spatial
resolution was once considered the “Holy Grail” of
medical imaging. However, each new modality devel-
oped since (within the notable exception of mammogra-
phy, which is actually a form of radiography) has much
less spatial resolution. “Advanced” imaging modalities,
such as CT, MR, and ultrasound, exploit different tis-
sue contrast resolution along with multiplanar cross-
sectional capabilities to improve diagnostic accuracy.
With respect to electronic displays,  radiography has
been the rate-limiting (or resolution limiting) modality
for softcopy viewing. However, data are accumulating
to support the idea that display of radiographic images
is more dependent on contrast resolution than spatial
resolution. This translates into the ability to use 1K
(1024 x 1024) monitors without significantly impairing
diagnostic performance, so long as the luminace is
maintained (>75ft-1).

Quality Assurance and Quality Control

Figure 3.2  Society of Motion Picture
and Television Engineers (SMPTE) test
pattern.

Figure 3.3  The Briggs test pattern. Figure 3.4  Continuous grayscale monitor
test pattern. Reproduced, with permission,
from Dr. Philip F. Judy from the Brigham
and Women’s Hospital Medical Image
Perception Lab, Boston, MA.
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ing from 0% to 100%. Sharpness is assessed using
sets of resolution bars. Geometry and image artifact
are noted by looking at the grid lines. (2) The Briggs
test pattern (Fig. 3.3) was developed by Stewart Briggs
of Boeing Aerospace and can also be used for medical
imaging. Each target consists of a series of 17 check-
erboards arranged in order of decreasing size. The tar-
get is scored depending on the visibility of the checker-
boards on each target according to a specified set of
instructions. An average score or an adjusted score is
then used. The Briggs method is considered to be some-
what subjective. (3) A continuous grayscale pattern is
available from the Brigham and Women’s Hospital
Medical Image Perception Lab. When the continuous
grayscale pattern is displayed (Fig. 3.4), it should have
no concentric ring-like features. If these are present,
then this is a global overall indicator that the monitor is
not performing within specifications. (4) The Mayo
Clinic has developed a four-alternative force-choice
(4-AFC) contrast-detailed target. For this display, an
observer is
presented  with three sets of eight test images. Each
image consists of an 8 x 4 array of the limited areas,
each containing a target in one of four locations (Fig.
3.5). The task is for the observer to record the location
of each target. From this, a maximum threshold con-
trast is calculated at the 15% and 85% levels. The 4-
AFC method is believed to be more objective than the
other methods but is more time consuming (30–45 min-
utes). The AAPM TG18 has developed specific test
patterns for medical imaging. This standard is fully
described in chapter 7.

CONCLUSION
Many factors influence image quality and the de-

tection of abnormalities in medical images, including
acquisition technique, image processing, image presen-
tation, and viewing conditions. Furthermore, observer
performance issues should not be ignored as a sub-
stantial cause for “quality” variation. In a PACS envi-
ronment, acquisition and display are uncoupled. As a
result, optimization of quality also may be uncoupled
and addressed at these two levels. Although each com-
ponent should be optimized separately, the ultimate
“test” is the diagnostic performance of the human ob-
server. Optimizing is best performed with respect to a
specific imaging task. The ROC methodology for as-
sessing human performance can be difficult to imple-

In terms of operationalizing image quality prac-
tices, it is prudent to review quality assurance (QA)
and quality control (QC). These two terms are often
interchanged but have come to have specific and dis-
tinct meanings. QA is typically used to refer to the
broad spectrum of management practices for compre-
hensive, network-wide quality maintenance. The elec-
tronic environment requires new areas of skills. The
goal is to detect slowly changing parameters before
they become problematic or clinically significant. QC
is typically regarded as a subset of QA, specifically
dealing with tests of equipment function.

CRT monitors need two areas of QC: luminance
and sharpness. Luminance calibration is performed
using a photometer. The focus (sharpness) is assessed
using test patterns. Several state-of-the-art monitors
incorporate automatic luminance calibration. However,
the need for assuring sharpness of the display remains.
This is particularly true as the monitor ages and elec-
tron beam current is increased to compensate for the
decreased light-emission efficiency. An adequate as-
sessment usually requires multiple measurements at
multiple locations, including the center and four cor-
ners.

Several test patterns are available, and four will
be described briefly to provide the reader a sample of
the various types. (1) The most widely used is the So-
ciety of Motion Picture and Television Engineers

Figure 3.5  The Mayo Clinic four-alternative force-choice (4-
AFC) contrast-detailed target. Reproduced, with permission, from
Dr. Nicholas Hangiandreou.

(SMPTE) test pattern (Fig. 3.2), which is specified for
image size and bit depth. The background is specified
at 50% of the maximum digital driving level. The dis-
play function includes an 11-step grayscale tablet rang-
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ment but will likely maintain a very important role for
task-specific questions. Clinical trials are the standard
for comparing one or two different therapeutic mo-
dalities but are impractical for optimizing a diagnostic
modality, as in medical imaging. The results of early
(preliminary) studies suggest that model observers can
be used with synthetic and real medical images to
predict human performance. Model observers are
likely to play a greater role, given the limitations and
practical difficulties in performing ROC curve stud-
ies for every possible diagnosis with every possible
modality and for every level of observer.
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WEB RESOURCES
Society for Computer Applications in Radiology

www.scarnet.org
Medical Image Perception Society

www.radiology.arizona.edu/krupinski/mips/index.html
Dave Clunie’s website with many DICOM resources

www.dclunie.com
OTech: Resource for PACS implementation

www.otechimg.com

American Association of Physicists in Medicine TG18
www.deckard.mc.duke.edu/~samei/tg18

National Electrical Manufacturers Association DICOM
www.medical.nema.org/

Video Monitor Test Pattern Tutorials
www.brighamrad.harvard.edu/research/topics/
vispercep/tutorial.html


