


from the back of the head to

the front of the head, you
can't take chances. You have to be
sure about what you're doing,”
explains Dr. Court Cutting, a plastic
surgeon who is an associate profes-
sor at New York University.

Dr. Cutting, like a number of other
medical specialists, has developed a
medical modeling program for pre-
operative planning using the latest
three-dimensional computer graph-
ics modeling techniques.

Across the industry, tools such as
the Cemax 1000 image processing
system, the Pixar Image Computer
and the Silicon Graphics IRIS 2400
workstation are changing the way
doctors do their business, taking
some of the “art” out of the science of
surgery and educated guesswork out
of neurology.

Reconstructive facial surgery, the
custom design of artificial limbs,
mammography (or breast cancer
diagnosis) and thermography are
some of the most outstanding exam-
ples.

VOLUMETRIC RENDERING

Perhaps the most significant
change to have come about in medi-
cal imaging in the past year has been

(44 | f you have to move a bone
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reconstructive surgery.

the abilty to create true three-
dimensional models based on data
from sources such as CAT scans and
thermography.

Traditionally, 2-D data has been
conceptualized in 3-D by radiologists
and doctors who have developed a
trained eye. Now, however, with the
advent of “volumetric rendering” or
true 3-D medical imaging, the data
can actually be used to present a
3-D model on the screen which can
then be interactively manipulated
through conventional-3-D animation
techniques.

According to Dr. Parvarti Dev of
Cemax Medical Products (formerly
Contour Medical Systems), “two
years ago, the computational speed
required to do the 3-D imaging wasn't
available.

With the greater memory and proc-
essing speed of systems such as the
Pixar, we are developing the sophisti-
cated software programs necessary
to create the 3-D images””

The Pixar is a pixel-based, pro-
grammable general purpose com-
puter that generates and manipulates
large digital images, combining com-
puter graphics and image processing
techniques.

it processes high-res picture data
at 40 million instructions-per-second
(ips) using four parallel processors
integrated with a large high resolution
memory.

AT THE FRONTIERS OF
MEDICAL IMAGING

New computer graphics tools and techniques have
taken some of the art out of the science of traditional
medical practices such as diagnostics and

By Abigail Christopher

Charles Csuri and Flip Phillips at Ohio State University’s
Computer Graphics Research Group have been experimenting
with automated image processing and segmentation software.
Here, the brain and skin of a patient based on CT data.

The result is the ability not only to
perform complex rendering tasks,
but to do image processing and com-
puter synthesis in real time.

According to Dr. Dev, “there is
no commercial volume imaging out
there right now—no one is doing vol-
umetric imaging commercially.” How-
ever, volume imaging techniques for
systems such as the Pixar, Silicon
Graphics IRIS and Cemax 1000 are
Just around the corner.

This spring, Philips Medical Sys-
tems, part of the N.A. Philips Com-
pany and a major medical systems
integrator, established marketing
agreements with Pixar and Cemax,
and bought 10 percent of Island
Graphics in order to support research
and development for 3-D medical
modeling software. Johns Hopkins
and the University of Rochester Medi-
cal Center are both sites supported
by Philips for the development of
medical software for the Pixar.

IMAGE PROCESSING
REQUIREMENTS

What makes the software devel-
opment so tricky, and why such
computational power and memory
are required, is that medical imaging
requires extensive image processing
in addition to basic 3-D modeling
techniques.

The distinctions between computer
graphics modeling (in which a syn-
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thetic object is defined in the data-
base through vertex definition), and
image processing (which manipu-
lates and enhances data from a
source such as CAT scans or x-rays),
had already begun blurring in 1983
with the advent of 3D image process-
ing software such as General Elec-
tric's GE3-D83 and GE3-D98 and
Siemens 3-D CT running on image
processing hardware such as the
Cemax 1000.

Image processing systems with
3-D capabilities allow doctors to sim-
ulate the surface of a body part such
as a bone by adding multiple CAT
scans or other x-ray data together.

The basic CAT (computer-aided
tomography) or CT scan, developed
in the mid-1970s, takes its name from
the Greek word tomos—to cut or
slice—and refers to the CT scan's
ability to provide the physician with
views of the body or an organ as if cut
into slices—an interior view of the
brain, for example, showing the con-
centric structure of the medulla, cere-
bellum, and cerebrum.

At the same time the resulting view
can be image processed so that ex-
tremely fine details can be detected,
down to a couple of milimeters.

To create the basic view, a series of
x-rays is passed through the body or
organ and picked up by a scanner on
the other side.

But rather than sending a single
beam of rays picked up by a single
imaging system (a sheet of film in the
conventional x-ray system), the CT-
scan repeats the scanning process
hundreds of times, shooting the
beam from source to scanners
through the body from every conceiv-
able angle.

The computer then processes the
scanner data. using an absorption
table which indicates the specific x-
ray transmission/absorption proper-
ties of each type of tissue (x-rays pass
virtually unchanged through water,
but are almost completely absorbed
by bone, while-other tissue types lie in
between).

Because the imaging is done from
so many different angles, by manipu-
lating the absorption data from suc-
cessive scans the CT computer can
derive an absorption value for each
small area being studied. and in the
cross-section slice can display each
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type of materiai—soft tissue, bone, or
different types of soft tissue, as a dif-
ferent color or grey-scale value.

By adding multiple slices together,
the 3-D image processing system is
able to simulate a 3-D view of the
body part.

The boundaries of the body part to
be examined are determined by
extracting data about bone and soft
tissue and using the data to define a
polygon.

The system goes through the
multiple CAT slices and displays the
outline polygons as a stack of ribbon-
like rings (one per CAT scan slice).

The resulting simulation provides
a three-dimensional view of the
surface of the body part being
studied—a bone, for example, or an
organ such as the brain.

And it can be rotated and viewed
from different angles, revealing sur-
face abnormalities, bone fractures
and the like.

LIMITATIONS OF
SURFACE RENDERING

The problem with 3-D image proc-
essing, according to Dr. Elliot Fish-
man of Johns Hopkins Medical
Center, is that “this kind of 3-D imag-
ing does not present any new diag-
nostic information to the radiologist
since it's based only on a reformation
of transaxial slices.

The question often arises as to its
clinical utility, and the primary use has
been to further understanding of the
pathoanatomy of fractures and skele-
tal structures.

Although these images can be
helpful, they are still limited by the
user's inability to choose a specific
angle or degree of rotation.”

Another problem is that although
image processing Systems running
the 3-D software allow users to strip
away or remove part of an image
(such as a bone in the head) in order
to focus on another part of the original
data such as the surface of the brain
itself, this process takes as long as 45
to 90 minutes per view.

VOLUMETRIC RENDERING
ADVANCES

With volumetric imaging software,
however, all the data from the CAT
scan can be used in constructing a
true three dimensional model of the
entire body part or organ—not just
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the exterior shell. ;
In volumetric rendering, succes-

sive CAT scan slices are conceptually
stacked up (lofted) as a volume in the
computer, and the grey scale infor-
mation is replaced with gels of vary-
ing color and transparency.

On the Pixar system, color views of
a volume can be computed from 3-D
angles and with arbitrary degrees of
transparency. Color and transpar-
ency values are chosen for each tis-
sue type in the CAT scan based on
what needs to be examined most
closely. The relationships between
muscle and bone may be viewed
by choosing different colors and
degrees of transparency. The trans-
parency or alpha channel of the Pixar
supports this kind of volumetric
examination.

With the volumetric image defined,
the surgeon can cut into the model
with an imaginary knife and discover
all of the layers of the model which
were present in the original scan. And
the work is performed interactively,
often in real time.

Applications range from pre- and
post-operative assessment of skull
and face malformations to displays of
joints and bones to reveal spinal,
shoulder, knee and facial bone
fractures.

As mentioned, a large part of this
capability has come about through
the development of a new generation
of image processing computers such
as the Pixar.

For example, all the information
from a CAT scan can be stored in the
Pixar's memory and three dimen-

January/February 1987

sion
sue:

aval
prof
bee
sites
IS U
cati
“the
able

bel
bot
tor:
cia
tha
Sys
imj
ex
frie



sional views of a skeleton with soft tis-
sue can be examined from any angle.

Although nothing is commercially
available yet, 3-D medical imaging
programs for the Pixar have already
been developed at beta and R&D
sites. At Johns Hopkins, Dr. Fishman
is using the Pixar for orthopedic appli-
cations, and reports that the system is
“the best reconstructive system avail-
able. It is true to the initial image. . .

In these applications, the Pixar is
being used for surgery rehearsal (for
both students and experienced doc-
tors) and the custom design of artifi-
cial hips and limbs. Dr. Fishman adds
that “synthetic surgery with other
systems (such as the Cemax 1000) is
impossible. Other systems are t00
expensive ($250,000), not user
friendly and too slow.

You can spend a minimum of two
hours on one patient for work eventu-
ally used in real time applications.”

Maureen Jones, a medical illustra-
tor at the University of Rochester
Medical Center, adds that the GE 3-D
system that the center has used for
three to four years can take as long as
five hours to recomposit CAT scan
data. The Pixar generates color trans-
parencies of anatomical data in three
dimensions very quickly.”

OTHER 3-D TECHNIQUES

Although volumetric rendering is of
obvious benefit to some surgeons, for
plastic surgeons such as Dr. Cutting.
described at the beginning of this
story, surface modeling is perfectly
adequate.

He has developed a medical mod-
eling program using CAT scans on
the Cemax 100C to create 3-D pic-
tures of the face and scull.

For the past two years, Dr. Cutting
has had the ability to download the 3-
D surface image of a patient’s face to
the Silicon Graphics IRIS 2400 where
it can be manipulated in real time “just
as you would in the operating room.”
Dr. Cutting claims.

He explains that the 3-D data
allows him to simulate incisions from
ear to ear, pulling the soft tissue over
the bones and making a series of cuts
in the facial bones.

Because such procedures will
make a patient’s face swell, it is hard
to preplan. With his 3-D surface mod-
eler, Dr. Cutting can “cut up the face:
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create it in 3-D; cut it up in 3-D; and
simulate the optimal movement of
bones by adjusting measurements
between facial bones precisely to
match the variety in structure found
from face to face.

In his technique, Dr. Cutting
minimizes the distance between the
patient’s facial "landmarks” while rec-
onciling them with an ideal model of
the particular patient'’s features. In
other words, each patient requires a
customized operation which the com-
puter helps plan precisely.

To support facial surgery, the Sili-
con Graphics IRIS and Dr. Cutting's
medical modeling software allow
plastic surgeons to “make a mosaic
of the surface of the face.

Using an eye point on the sur-
face model of the face, Dr. Cutting
develops a mesh of triangular tiles—
“the smallest unit of a surface you can
create,” according to Dr. Cutting. To
this triangular tile surface model, Dr.
Cutting applies Gouraud shading.

This combination of techniques
connects the polygons generated by
the original CAT scan, providing a
much clearer picture of the patient’s
tacial tissue and bones. Dr. Cutting
adds that the SGI system’s fill poly-
gons, shading and ability to rotate
images quickly in free space and
interactively look at the image from
any point of view might land the sys-
tem in the operating room one day to
help “guide the manipulation of facial
bones through an actual operation’”

THE ART OF SCIENCE

In addition to the medical imaging
advances described above. there
s another frontier at which 3-D
computer graphics 1S making major
headway: medical illustration. an out-
growth of techniques already In use
for applications such as entertain-
ment animation and corporate pre-
sentations.

At Cranston/Csuri Productions, for
example, Don Stredney. medical
ilustrator/animator, ~ creates  3-D
medical animation for doctors.
pharmaceutical companies and man-
ufacturers of medical instruments.
Stredney creates sectioned models
of the body from scratch using com-
puter animation.

He has done modeling in a number
of ways over the past three to four

years, starting with plaster of paris
molds of individual organs. These
models were digitized into a com-
puter and eventually formed a data-
base of the human anatomy that
could be animated. This was done to
great effect in “The Body Human,” a
multi-part television series.

Cranston/Csuri has since changed
its medical modeling approach, rely-
ing almost entirely on computer ani-
mation (without plaster of paris
models) to describe various surgical
techniques and how pharmaceuticals
affect the body. For Mount Carmel
Hospital, for example, Stredney illus-
trated the PTCA technique for
unblocking arteries using balloons
inserted into the blocked blood ves-
sels. Stredney actually witnessed an
operation in order to document it for
surgeons, medical students and
manufacturers of surgical equipment.

Cranston/Csuri  was also con-
tracted to document the effects of a
drug designedto “reverse digatoxcis-
ity" Burroughs Welcomes, a major
pharmaceutical company worked
with Stredney to illustrate the effects
of the drug on the heart. Stredney
reports that he had to ask the com-
pany’s pharmacists a lot of tough
questions about ions’ effect on dif-
ferent pumps in the cell membrane.
The major problem in this project was
how to illustrate compressing and de-
compressing time in the molecular
structure.

MEDICAL IMAGING WITH PCs

Still one other development in mec-
cal imaging must be mentioned: the
growing use of the personal com-
puter to support image processing
techniques such as those associated
with thermography—the ability to
sense and display variations in tem-
perature across the surface of the
body. scanned nto the computer
through an infra-red sensitive
camera.

Variations as little as 25 percent in
the temperature of the skin can indi-
cate tumors lying beneath, especially
in areas such as the breasts, and the
computer can be programmed to
show each temperature range in a dif-
ferent color, instantly alerting doctors
if something is wrong.

The work has been done tradi-
tionally with large and expensive
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With new programs coming onto
the market from companies such as
ACDA, a medical equipment devel-
opment company in New York City,
even the Commodore Amiga can
generate images of acceptible quality
to the medical community.

Besides the infra-red camera, the
system uses a frame grabber devel-
oped by A’ for the Amiga and
enhances the readings with an
Amiga paint program.

ACDA is also using the Amiga for
other medical thermographic pro-
jects, including contracts with UPS
and the Long Island Railroad, com-
panies anxious to determine the
physical limitations of their employees
or potential employees. These com-
panies are also hit with a number of
law suits resulting from on-the-job
injuries, and by pre-diagnosing
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the right people in the most physically
demanding jobs to cut down on acci-
dent claims.

Still another ACDA project is a real-
time 3-D system for the Amiga that
would allow doctors to hang patient-
specific information from an ideal
anatomical model rather than using
abstract contours and wavelines to
determine diagnoses. In various con-
figurations supported by American
Infrared Systems of Sweden, the
Amiga-based thermographic sys-
tems range in price from $22,000-
$35,000, including image proces-
sing, image storage, the A squared
frame grabber (customized for the
Amiga and compensating for its non-
standard video signal recognition),
proprietary software and hardware.

And so, medical imaging, like so
many other areas of modern technol-

ogy, is once again undergoing an
upheaval thanks to the advent of
ever-faster and ever-more-powerful
computers and workstations.

Whether the entire industry can be
eventually expected to swing over to
PC-based systems remains doubtful,
given the enormous amount of proc-
essing required for techniques such
as volumetric rendering.

But both PCs and workstations will
find an expanding role in the hospital
of the future. O
Abigail Christopher is a Berkeley CA-
based writer and consultant in the
computer graphics field.
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At Cranston/Csuri Productions, our team of creative professionals
combine talents with clients like *Studio EFX, Hollywood, who
designed Turner Broadcasting’s Goodwill Games, and **CBS for its
1986 Fall Campaign, to create international, award—winning com-
puter—generated animation. For Studio EFX; Executive Producer,
Steve Soffer, and Art Direction, Geoffrey Hull. For CBS Entertain-
ment: Morton J. Pollack, CBS Executive Producer, John LePrevost,
Creative Director and Lewis Hall, Associate Creative Director. Call
Cranston/Csuri at (614) 421-2000.
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