
NEONATAL CHEST IMAGING CAN BE DIFFICULT FOR
CR/DR SYSTEMS because of the combination of a
child’s small size and wide histogram range from
the lungs, soft tissues, and bone densities. But new
phantoms and performance tools are being created
to address this patient population. Steven Don, MD,
an expert in the field of pediatric radiology and
phantoms, is at the forefront of many of these develop-
ments. He is an associate professor of radiology at
the Mallinckrodt Institute of Radiology, Washington
University School of Medicine in St. Louis, and a
diplomate of the American Board of Radiology, with
a certificate of added qualification in pediatric radi-
ology. Don is also a clinical pediatric radiologist at St.
Louis Children’s Hospital, which is part of the Barnes-
Jewish/Christian Healthcare organization in St. Louis.

Don’s research interests have focused on digital imaging. He has devel-
oped animal models of neonatal chest disease and received National
Institutes of Health (NIH) funding to develop a neonatal chest phantom. 

Q rt image: How have phantoms become more sophisticated?

ASteven Don: Previous phantoms for projection imaging were
typically not anthropomorphic. They contained well-defined test

objects used for measurement. Some of these phantoms are useful
in objectively measuring image quality, such as the American
College of Radiology’s (ACR) mammographic accreditation phantom.
They are not suitable for clinical imaging with CR/DR.  

An early attempt to make a CR/DR-specific phantom led to the
development of an adult chest geometric phantom made of alu-
minum, copper, and acrylic. This phantom did not contain any disease
process. Since it was not a tissue-equivalent phantom and developed
for the adult chest, it was not appropriate for neonatal chest imaging
and the typical kVp’s used for infants.

The neonatal chest phantom introduces a new tissue-equivalent
and anthropomorphic class of phantoms. Neonatal chest imaging
is a difficult task for CR/DR systems because of the combination of
a child’s small size and wide histogram range from the lungs, soft tis-
sues and bone densities. The neonatal chest phantom contains lung
inserts that mimic pneumothorax and lung disease in premature
infants. It approximates an infant with a weight of 1 to 2 kg.

Because the phantom is made of tissue-equivalent materials, it
behaves similar to a neonatal chest radiograph over the diagnostic
range of tube voltage. As part of NIH grant work, we developed

an objective system performance tool set. A technol-
ogist or medical physicist can use the tool set to cal-
culate the modulation transfer function, noise power
spectrum, and detective quantum efficiency.

The combination of the neonatal chest phantom and
the objective system performance tool provides a com-
plete picture of the process from acquisition to display.
The neonatal chest system checks the entire imaging
chain from the generator through the image display,
while the objective system performance tool set evalu-
ates the detector. When an issue arises with CR/DR, you
can use both options to determine the problem.

Q image: How have you been involved in the
changes and developments in the phantom

arena? 

ADon: Initially, we used rabbits to evaluate performance by cre-
ating disease processes such as pneumothorax and pulmonary

edema in the laboratory. These studies documented that CR/DR
was sufficient for diagnosing common neonatal diseases.  

There were no tools available to assure quality. Problems were
difficult to detect. For example, early CR models used gas lasers,
which lost brightness with age and resulted in less readout signal
and more noise from scanned plates. To compensate, X-ray exposures
tended to increase to maintain image quality, but there was no
easy way to monitor patient exposure or detect changes in system
efficiency. This experience motivated me to explore methods for
quality assurance and quality control.

Initially, we tested making phantoms from metal and acrylic or
using frozen poultry to simulate the neonatal chest. I approached
Margaret Lescrenier from Gammex about their tissue equivalent
materials that were used in CT, and asked if they could be adopted
for projection imaging. This led to two NIH STTR grants – the first
to test feasibility and the second to refine the phantom.

Q image: From a diagnostic application standpoint, what makes
a good phantom?

ADon: From a CR/DR diagnostic imaging perspective, it should
mimic the appearance of a body part to test imaging processing.

Therefore, the image reader should recognize the phantom as that
body part. Ideally, the phantom should be made of tissue-equivalent
material so that the histogram of the test phantom is similar to the
actual body part. The phantom should also contain disease processes
or objective tools to assess image quality.
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An expert in the field of pediatric radiology discusses
emerging technology with neonatal phantoms



Q image: Talk about neonatal chest phantoms and the need
for more precise standardization of pediatric imaging modalities.

ADon: The neonatal chest phantom can be used to assess quality
control and quality assurance of the equipment. Because the

CR/DR algorithms recognize the phantom as a real neonate, the
phantom is useful assessing total system performance. By periodically
using the neonatal chest phantom at the same technique and recording
the plate exposure, trends for changing exposure will be noted. I know
of one hospital that was using this phantom for quality assurance and
noted a decrease in the plate exposure after a specific date. It turned
out that the generator on a portable machine went bad.

There is a growing consensus that we need more precise stan-
dardization of pediatric imaging modalities. Hospitals need to
establish better monitoring of patient exposure. The ACR sees a
need for hospitals to benchmark patient exposure and it has established
the Dose Index Registry.

Benchmarking and monitoring patient exposure in CR/DR has
been simplified with recent developments. There is a new International
Electrotechnical Commission (IEC) standard and the American
Association of Physicists in Medicine (AAPM) task group report.
These two documents developed similar methods for recording plate
exposure for an examination. Both groups also recommend establishing
target exposure values for each CR/DR exam and a deviation index
to indicate how close the actual exposure was to the target exposure.
The IEC and AAPM agreed to work out the minor differences to provide
a single standard. Many vendors have agreed to adopt the standard.  

A standard for exposure reporting, coupled with structured dose
reporting such as the Integrating the HealthCare Enterprise Radiation
Exposure Monitoring will establish better exposure monitoring. We

hope the ACR adds the CR/DR to the Dose Index Registry in the future. 
Using an appropriate phantom is a natural component of stan-

dardizing the Quality Assurance and Exposure Monitoring process.
For example, the Mammography Quality Standards Act (MQSA)
has been used in radiology departments for quality assurance. There is
image quality assessment using a phantom that contains fibers,
micro calcifications, and masses. Since ratifying the MQSA, objective
image quality as measured by the phantom has improved nationally,
while maintaining the same breast dose.  

While there is currently no accreditation program or federal act
for CR/DR, radiology departments in hospitals need to do a better
job documenting their quality assurance programs. The phantom
and the objective system performance tool can demonstrate that
the equipment and imaging chain are functioning normally.

Q image: What does the future hold for phantoms and
phantom technology?

ADon: I suspect that in the future there will be higher priority in
documenting quality assurance of digital radiological equipment.

Using the MQSA standard as an example, phantoms will be
instrumental in documenting image quality. 

I believe there will be a need to create tissue-equivalent phantoms
that behave like body parts, much like the neonatal chest phantom.
I also feel that objective measures of image quality, such as disease-
process simulation or other objects, will be used. 

| Edited by Scott Huelskamp. Direct questions and comments
to editorial@rt-image.com.
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In the shadow of the Rocky Mountains
is a place where beauty and luxury abound.
Beneath majestic peaks, The Broadmoor, a
historic five-diamond resort, provides visitors
with carefree and peaceful surroundings in
which to experience, absorb, and learn.

Join RBMA this spring for a program that could
change your life, your work, and your future!

ANNOUNCING the RBMA Keynote Lecture Series

The 2010 Radiology Summit is pleased to
host Keynote Speaker Stephen M. R. Covey

As co-founder and CEO of CoveyLink
Worldwide, Mr. Covey is a sought-after and

compelling keynote speaker and advisor on trust,
leadership, ethics, and high performance. He is the author
of The SPEED of Trust, a groundbreaking and paradigm-
shifting book that challenges our age-old assumption that
trust is merely a soft, social virtue and instead
demonstrates that trust is a hard-edged, economic driver—
a learnable and measurable skill that makes organizations
more profitable, people more promotable, and relationships
more energizing.
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