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PURPOSE: To determine radiolo-
gists’ ability to find lung nodules on

spiral computed tomographic (CT)
scans of the chest with both rapid

sequential (cine) and conventional
film-based viewing.

MATERIALS AND METHODS: Eight
radiologists searched for lung nod-
ules on spiral CT images (10-mm col-
limation, 10 mm/sec table speed) pre-
sented in two formats. Cine viewing
was performed at a computer work-
station; sections were viewed in
2-mm increments at frame rates up

to 10 frames per second. Film-based
viewing of images from a laser printer
was performed with a lightbox; sec-
lions were viewed at 4-mm incre-
ments. Eight 3-5-mm-diameter simu-
lated nodules were superimposed on
each of five normal CT scans.

RESULTS: Radiologists found a
higher fraction of nodules with the
cine presentation than with film
(mean, 0.69 ± 0.02 [standard errorj
versus 0.58 ± 0.03, respectively [P
.0061). Diameter thresholds for nodule

detection (50% correctly localized)
were 3.3 and 3.5 mm, respectively.

CONCLUSION: Cine viewing of spi-
ral CT images of the chest improved
radiologists’ ability to detect nodules.

Index terms: Diagnostic radiology, observer
performance . Lung,CT,60.12115,60.12119

Lung, nodule, 60.281 #{149}Workstation
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T HE detection of lung nodules is a
common but important diagnos-

tic task for radiologists. Computed

tomography (CT) plays a central role
in the detection of such nodules and
has become the method of choice for

the staging of a wide variety of com-
mon primary tumors (1).

The advent of spiral CT has helped
improve the detection of lung nod-
ules. With spiral CT, the entire chest

can be scanned in a single exposure of
20-30 seconds executed during one

breath hold (2). A volumetric image
data set is obtained with this proce-
dure, from which individual sections
are reconstructed. Because all CT data
are acquired at once in a single breath
hold, respiratory misregistration is
eliminated, which obviates skipping
a portion of the lung and missing a

nodule. It is very easy to reconstruct
overlapping sections with use of the
spiral CT data set, without reirradia-
tion of the patient. When overlapping
sections are used, one can minimize

the risk of a lesion straddling adjacent
sections and increase the likelihood of

the production of a section that fully
contains the lesion, thereby maintain-

ing maximum lesion conspicuity. The

theoretic advantages of spiral CT in
the detection of spherical lesions have
been demonstrated in laboratory
studies with scans of phantoms and

with computer simulations (3). These
theoretic advantages have been vali-
dated in the clinical environment,
where sensitivity has been shown to
be greater with spiral CT than with
conventional CT in the detection of
lung nodules (4-6).

Use of the data-intensive image

data sets generated with spiral CT
presents both opportunities and chal-
lenges for radiologists. For example,
scrutiny of the detailed overlapping

sections reconstructed from a spiral

CT volume should aid in lesion detec-
tion (7,8). However, it is a challenge to
present the large numbers of images
generated in a spiral study to radiolo-

gists on film in a streamlined, efficient

fashion.
We believed that the marriage of

spiral CT data with rapid, sequential

(cine) image viewing methods would
overcome some of the limitations of
traditional film-based viewing and
would provide both perceptual and
practical advantages to radiologists.

On a perceptual level, we believed
that cine viewing would activate con-
structively the motion-processing
channel in the human visual system
(9) and help radiologists differentiate
tubular structures such as blood yes-
sets from spherical structures such as

tumors. On a practical level, we be-

lieved that a rapid, sequential display
technique would help radiologists as-
similate information more easily from
the many images generated during
spiral CT than they could if they were

using film or a static, cathode ray tube
(monitor)-based display.

The purpose of this study was to
compare radiologists’ ability to detect
lung nodules on identical sets of spi-
ral CT images that were viewed either
in a cine mode (the experimental con-
dition) at a workstation or in a con-

ventionat, static mode with film (the
control condition). Specifically, we
wanted to determine whether radi-
ologists could find more nodules with

a cine presentation than with film.

MATERIALS AND METHODS

Image Displays

Cine viewing-Images were viewed on
a 19-inch, 1,280 x 1,024-line color monitor
(Trinitron GDM 1950; Sony Electronics,
Montvale, NJ). The monitor was driven by
a supercomputer (Connection Machine
CM-2; Thinking Machines, Cambridge,
Mass), which contained a 24-bit frame

buffer. A workstation (SPARC 670 MP;
SUN Microsystems, Mountain View, Calif)

controlled the system. The viewing envi-
ronment was developed in the depart-
ment to facilitate viewing, processing, and
three-dimensional display of digital-image
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data sets. The system uses mouse-driven
commands. It allows cine viewing of full-

resolution images at adjustable rates that

range from 1-100 Hz. The user can also
view images in a still-frame mode.

The spiral chest CT images used for cine
viewing were reconstructed at 2-mm table

increments. All the images from each case

(approximately 130 images) were loaded

into the computer and were displayed on

the monitor at a gray-scale center of -500

HU, a width of 2,000 HU, and a size of

24.1 x 27.9 cm. The system uses a pixel

replication technique to display images

in a 1,024 x 1,024-pixel format. The lumi-
nance of the monitor was measured with a
handheld photometer according to previ-

ously described methods (10-12). The rela-
tionship between image gray levels and
measured monitor luminance is presented

in Figure 1.

Film-based viewing-Images were dis-

played at a gray-scale center of -600 HU

and a width of 2,000 HU and were photo-
graphed on a commercially available laser

imager (Ektascan XLP Laser Imager model

100; Eastman Kodak, Rochester, NY). The

relationship between image gray levels

and measured luminance with the moni-
tor and the film illuminator used in the

study is presented in Figure 1. Film-based

images were 10.2 x 10.2 cm. Every other

image was used for the film-based display;

thus, images were produced at 4-mm in-

crements (approximately 65 images per
case). This reduced set of images was se-
lected to avoid overwhelming the readers
with more images than are customarily

viewed in a clinical environment and to

avoid having more images than would fit

on a four-panel alternator. It should be
pointed out that when nodules were

placed in the images, they were centered
on sections that were retained in the film
set. In this way, care was taken to ensure

that the nodules would not straddle adja-
cent sections on the images and that the

larger sampling interval of the film set

would not represent a disadvantage.

Stimuli

To create the experimental stimuli, real-

istic but simulated lung nodules were

placed electronically with digital image
processing methods into sets of normal

chest CT databases. This technique al-

lowed the experimenters to control the
ground truth and manipulate the nodule

size, location, and other physical charac-

teristics. Figure 2 is a single CT-scan sec-

tion that provides an example of the
stimuli used.

Spiral CT images (Somatom Plus-S or

Plus -24 CT system; Siemens Medical Sys-

tems, Iselin, NJ) that had been obtained in

five patients with no clinical or radiologic
evidence of lung nodules served as back-
drops for the experimental stimuli used

in the study. The images were harvested

electronically from the clinical CT systems

with the department’s local area computer
network. The parameters used in spiral
CT data acquisition included 137 kVp,

Gray level %

Figure 1. Relationship between image gray
levels and measured luminance of the spiral

CT scans viewed in the two modes. CRT =

cathode ray tube.

180 mA, 24-32-second exposure, 10-mm

section thickness, and 10-mm table-feed
speed (pitch = 1). Image reconstruction
parameters included 180#{176}linear inter-

polation, ultra-high-resolution kernel,
and 2-mm table increments.

Nodules

Simulated spherical nodules (a three-

dimensional array of numbers) were

added digitally to the CT scans of healthy

patients by inserting reconstructions of

spheres at 2-mm increments. These nod-

ules were added at random locations

within the lungs. Eight nodules were

added in each of the five cases. However,

at close inspection, it was determined that

one nodule overlapped a blood vessel on

the image, so the nodule was excluded

from the study. Thus, there were 39 nod-
ules in the experimental set, each 3-5 mm
in diameter. A range of 3.0-6.0-mm diam-

eter was selected initially by creating 1-10-

mm-diameter nodules and then inspecting

them to find the sizes that were challeng-

ing but possible to detect visually. In a

pretest, three observers always found the

6-mm-diameter nodules and occasionally

found the 3-mm-diameter nodules. Con-

sequently, the 6-mm diameter was elimi-

nated, and the 3-5-mm-diameter nodules

were used in the full experiment.

The addition of the two-dimensional
array of numbers to any single CT image
was performed under the assumption that

the effects of section-sensitivity profile and

blurring of the edges of spheres were sep-

arable, that is, the effects were described

as a two-step sequence. The effect of par-

tial volume averaging was introduced first

and was described by slicing the sphere
into thin sections (0.025-mm thick) that

were considered as disks, with contribu-
tions that were weighed by the section-

sensitivity profile in the scanning direction

(13). Each two-dimensional array was then

blurred by a point-spread function to
simulate the physical blurring of CT im-

ages as well as the biologic blurring due

Figure 2. A single section is shown from the
set of spiral CT scans of the chest. A 5-mm-

diameter nodule (arrow) was placed in the

left lower lobe.

to the natural irregularity of nodule mar-

gins. The shape of the cylindrically sym-
metric point-spread function was that of a

shifted cosine wave (from -90#{176}to +90#{176}),

with a full width at half-maximum of 2.4
mm. Figure 3 is a plot of contrast profiles
through the center of the spheres when
centered in the section. If the effects of
partial volume averaging and blurring

were eliminated, the maximum CT-num-
ber increment for each nodule would have

been 750 HU. Figure 4 shows the relation-
ship between the position of the nodule

within the section and the CT number in-
crement.

Observers and Observer
Procedures

Observers-Eight board-certified radi-

ologists were the experimental observers.
Four of them were experienced staff radi-
ologists who were familiar with the cine

display system because they had partici-

pated in a pilot study to test it. The other

four radiologists were fellows in body im-
aging who had not used the cine display
system before they used it in the study.

The experiment was designed in such a
way that each observer read images from

each case in both film and cine modes. The
experimental readings were balanced so
four observers read the film before the
cine images and the other four observers

read the cine before the film images. Ob-

server experience was also balanced, that
is, two observers who saw the cine version

first were experienced in cine viewing and

the other two observers were inexperi-
enced. Similarly, two of the observers who
saw the film version first were experienced
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film readers, and two were inexperienced.
At least 2 weeks elapsed between readings

of the same case in the two different modes
in all cases.

Observer instructions-Readers were
told that eight nodules were present in
each case. In pretests for this experiment,
participants indicated that they preferred
to report more nodules than the total
number of nodules present. Therefore, the
observers were asked to find 10 locations
in the set of images that were most suspi-
cious for nodules. The precise number of

locations was chosen at the observers’
suggestion because they believed it maxi-
mized their chances of finding all the nod-
ules. They were asked to point to the sus-
pect nodule with an electronic cursor on
the screen or on a transparent grid on the
films and to use a five-point rating scale to

indicate their level of confidence that each

reported location actually contained a
nodule.

The following written instructions were
given to observers for this experiment:

Eight individual spherical nodules have

been inserted into each spiral CT image
set. Your task is to identify the 10 loca-

tions that you consider most likely to

contain these spherical nodules. As you

report each location, indicate your judg-

ment regarding the likelihood that the
identified location actually contains a
nodule on a scale of 1 to 5 (1 meaning

low confidence, 5 high confidence). You
must make 10 reports (no more and no

less). If after you have made 10 reports

you find an additional nodule location,

then you will have to delete one of the
previous reports. Do not report locations
that you consider abnormal but in your
judgment are not individual spherical

nodules.

For cine viewing, observers were in-
structed to first review the entire data set
four times at a frame rate of 12 frames per
second to familiarize themselves with the

anatomic characteristics in the case. Ob-
servers were told to then review the data
set at a slower frame rate, about 4 frames
per second, to identify the salient nodules.
When a nodule was encountered, observ-
ers stopped the cine sequence and moved
through single images at slightly higher
and lower anatomic levels to localize the
nodule to a particular cephalocaudal sec-
tion. For ifim viewing, observers placed
12-on-i transparencies (12 images printed
on one piece of film) on a clinical multifilm
viewer and reviewed the images with rou-
tine clinical procedure.

Observers were given unlimited time
to view the images in each case and were
allowed to vary their viewing distance.
They were informed of the spatial-fre-
quency sensitivity characteristics of the
human visual response function and were
encouraged to adjust their viewing dis-
tances according to the size of possible
nodules they were considering. In this
way, the radiologist-observers operated in
the same mode in which they would oper-
ate in a routine clinical environment.

Data Analysis

The data were scored independently by
two research assistants. In the scoring pro-
cedure, the locations given by the observ-
ers were compared with the exact positions
of the nodules. If the locations coincided,
the report was scored as a “hit.” If the lo-
cations did not coincide, the report was
scored as a “false-positive.” The overall
fraction of nodules found was tabulated
for each type of viewing and as a function
of nodule size, viewer experience, and
presentation order (ie, whether film-based
or cine viewing was first).

A nonparametric statistical test, the Wil-
coxon rank sum test, was used to compare
the overall fractions of nodules found in
the experimental (cine) and control (film)
viewing conditions. Analysis of variance
was used to determine the effects of ob-

server experience and viewing order.

The ordinal confidence ratings for each
observer’s 50 location reports with each

type of viewing were analyzed to deter-
mine the specific rating criteria (eg, scale
of 1-5 [1 = low confidence, 5 = high confi-

dence]) that the observer used to classify
the locations (10 per case) as “most suspi-
cious” for being nodules. A maximum-
likelihood estimation procedure (14) was
used in the analysis; in this procedure, it
was assumed that each observer’s ratings
of these 50 specific locations had actually
classified perceptual variables that arose
from two normal distributions with differ-
ent parameters. One distribution was for

the suspicious locations that contained
simulated nodules, and the other was for
those locations that contained ambiguous
normal findings. Although the separation

of those underlying distributions depended
on the subtlety of the nodules and the re-
quired number of forced-choice reports,
each individual observer had to establish
specific criteria (category boundaries) to
assign ordinal ratings of confidence. We

used the estimated value of the boundary
between categories “3” and “4” to summa-
rize how each individual observer applied
the rating scale within a given interpreta-
tion condition when we were trying to
distinguish between reports of nodules
and reports of normal findings. These
boundary values of the cine and film
conditions were compared to determine
whether an observer used the rating scale
consistently in both conditions.

The curve obtained from this analysis of
the rating in this experiment is a response-
conditioned rather than a stimulus-condi-

tioned receiver operating characteristic
curve (15,16). The two types of curves de-
scribe different aspects of performance.

The response-conditioned curve describes
observers’ confidence in the correctness
of their responses in the identification of
stimuli. The more familiar stimulus-condi-
tioned curve describes observers’ ability to
detect signals in noisy or complex back-
grounds.

RESULTS

Subjectively, observers reported
that nodules appeared to “pop out”
when viewed in the cine modes. Nor-
mat vessels were seen as continuous
tubular structures that were easily
traceable through the image volume.
Compact nodules and continuous
vessels were believed to be easily dis-

tinguishable in the cine mode.

Objectively, all observers detected
a higher fraction of nodules overall
with the experimental (cine) mode
than with the control (film) mode

(mean, 0.69 ± 0.02 [standard error]

versus 0.58 ± 0.03, respectively) (Table).

This difference was consistent for all

observers (P = .006). An analysis of
variance in the detection fraction re-
vealed that differences in observer
experience (staff versus fellow) or
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viewing order (cine versus film) had

no statistically significant effect.

Figure 5 was constructed from a

cross tabulation of the number of

readers who found each nodule with

each of the two viewing methods. These

data also indicate that cine viewing is

the superior method. More observers
found each nodule with the cine

mode than with the film mode. One
can also see that more nodules that

were “easy to find” (ie, nodules lo-

cated by all eight observers) were dis-

covered with cine viewing than with

film and that fewer nodules that were

“difficult to find” (ie, nodules not lo-

cated by any observer) were missed
with cine viewing than with film.

The psychometric function, which

plots the fraction of reported nodules

as a function of lesion size, also mdi-
cated the superiority of cine viewing.

Figure 6 shows that more lesions of

each size were detected with the cine

viewing mode than with film. The

size of a “just detectable” lesion (50%

probability of detection) with cine

and film viewing was 3.3 and 3.5 mm
in diameter, respectively.

An analysis of incorrect localiza-

tions (“false alarms”) was also per-

formed. A large number of these find-

ings were in relatively few locations,

and the frequency distribution of
these incorrect localizations was virtu-

ally identical for cine and film view-

ing. When the 17 most frequently re-

ported locations (at least four reports)
were scrutinized by two of the inves-

tigators, all 17 were determined to

harbor discrete anatomic structures.

These locations were found to repre-

sent vessels on end (ii = 6), real bio-

logic nodules of uncertain cause (n =

6), scar (n = 1), or intrapulmonary
lymph nodes (n = 1), and three loca-

tions were of an ambiguous nature.

As seen in Figure 7, comparison of

the observers’ confidence ratings for
the two viewing conditions indicated
that seven of eight observers used re-

markably consistent criteria with both

conditions. In terms of the differentia-

tion of nodule from nonnodute loca-

tions in these reports, the boundary

between rating categories 3 and 4 was
the same with cine and film viewing.

There was a substantial difference for

one observer, who used more liberal
rating criteria for cine viewing than

for film and assigned higher confi-
dence ratings to the reported non-
nodule locations in the experimental

(cine) mode. There were no signifi-
cant differences in observers’ ability

to differentiate the reported nodule
from the reported nonnodute loca-

tions with the two conditions (P > .5).

DISCUSSION

Experience with Cine Displays

For decades, cine displays have
been considered the display tool of
choice in the evaluation of moving

structures. Classic examples are cine

viewing of coronary arteriograms and
radionuclide ventriculograms. Radi-
ologists have been reluctant, how-

ever, to use monitor-based viewing

techniques for more basic diagnostic

tasks (17) such as the detection and

localization of nodules.
In the past several years, research-

ers have tried to determine whether

cine displays of cross-sectional images

can help radiologists detect and locate

focal lesions. These efforts have met

with only limited success. Maguire et

al (18) found that cine viewing of liver

CT scans was superior to film-based

viewing only when the observers
were not radiologists. Radiologists

performed better with traditional
film-based methods. Cur et at (19)
found that radiologists performed
well (values for area under the curve
[Az] of up to 0.93) with cine viewing
in the detection of abdominal masses.

They found that performance was

better at slow frame rates ( � 7 frames

per second) and best at reader-select-
able rates. Straub et at (20) also stud-

ied abdominal mass detection on CT

scans and found that radiologists per-
formed equally well with sequential
displays and film.

However, none of these previous
studies used spiral CT image data

sets. One would expect that cine

viewing methods would be less effec-
tive with conventional CT because

images are likely to be misregistered,

and overlapping images (which pro-
vide smoothness in the cine display)

cannot be generated without double
irradiation of tissues. Our finding,
that significantly more lung nodules
could be detected on chest CT scans
with cine viewing than with film,

presents an even more optimistic

view of the potential for cine viewing
than has been presented in previous

experiments. If the results reported by
others in studies of the abdomen can

be generalized to the chest, then the

most likely reason for our better re-

sutts with cine viewing would be our
use of spiral CT images.

Percej�,tual Challenges Posed
by Spiral CT

The growing use of spiral CT should
help motivate the development of
cine and other monitor-based viewing
methods. It is common for a meticu-

lously performed spiral CT examina-

tion to generate close to 100 images

per patient. The magnitude of this

data is causing practical and percep-

tual problems for radiologists. It can

be impractical to view so many im-

ages on a typical multifilm viewer.

Especially when comparison studies

are being performed, the number of

images to be evaluated outstrips the

capacity of a typical four-over-four

film illuminator. In addition, it is a

challenge to register images properly
from the current and previous exami-

nations. The radiologist also faces the
perceptual problem of “information
overload,” that is, it is difficult to pay
sufficient attention to all the images

generated, and so the probability of

missing a subtle lesion is increased.

Cine viewing methods show prom-
ise as a means of overcoming these

challenges posed by spiral CT. Radi-

ologists can potentially view hun-

dreds of images easily and economi-

calty at a workstation. Chang and

Ziegelbemn (21,22) demonstrated that
it is possible to construct a cine view-

ing environment in which images

from current and previous studies are

registered. Their viewing is then syn-

chronized so equivalent anatomic 1ev-
els from two or more studies can be

compared rigorously.

To be clinically acceptable in the

future, a cine viewing system will

have to offer perceptual and diagnos-

tic advantages and be easy to use and

relatively inexpensive. Continued im-

provement in computer workstations
may help overcome such practical

and cost constraints. Although the

current study was carried out with a

supercomputer-driven workstation,
the only reason such a high-perfor-
mance instrument was used was be-

cause it was readily available for the

project. Modern versions of most per-
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sonal computers are capable of run-
ning the type of cine display used in
this project.

Cine Viewing Limitations

It is encouraging that observer per-

formance with cine viewing was su-
perior to that with film-based viewing

of images, despite two potentially se-
rious limitations. First, the cine view-
ing environment was not optimal.
The user interface selected was de-
signed primarily for non-cine viewing
and had weaknesses when used for
rapid, sequential image display. Spe-
cifically, the graphic interface that

controlled the parameters of the cine
display was on a different monitor

than the images being viewed. So to

start, stop, or adjust the frame rate of

the cine display, it was necessary for
the observer to stop looking at the
screen with the images and focus on

the screen with the control panels.
Also, observers often preferred to

move back and forth through a few
images to evaluate a suspect lesion

in detail. However, the mouse-con-
trotted interface required the observer
to point and click on one button to
move the images forward one frame
at a time and to click on another but-

ton to move in reverse. It was difficult
to perform this operation smoothly
and still pay attention to the image
screen. On the basis of our experience

with this viewing environment, we

have designed navigational improve-
ments to facilitate “heads up” view-

ing, which allows the observers to
navigate easily through the images at

any desired speed or in any direction

while keeping their attention focused
on the images.

The second potential limitation was
the major difference in experience
levels of the radiologists with the two
viewing techniques, a discrepancy
that would have favored film view-
ing. The observers reported that cine
viewing felt very unfamiliar at the
beginning of the study and that it was
necessary for them to develop new

viewing strategies to use it. Toward
this end, we specifically instructed the

observers to use a faster frame rate
first, followed by a slower, user-con-

trolled rate in each case to evaluate
possible nodules in more detail. In

this second, more detailed assess-

ment, most observers chose to evalu-
ate the images one quadrant at a time
because they found it difficult to
study alt aspects of the moving im-

ages at one time.

Study Design Limitations

There were also some limitations in
study design. Specifically, there were

three important differences between
the experimental and control viewing
conditions in terms of parameters.

1. The size of the image was more
than twice as large with cine viewing
than with film. We attempted to com-
pensate for this discrepancy by encour-
aging observers to adjust their view-
ing distances accordingly.

2. Twice as many images were pre-

sented with cine viewing, with a cor-
responding increase in the degree of
overlap from one image to the next.
This discrepancy was not expected to

be consequential because both the

I-

film and the cine conditions were
oversampled, that is, both had more
than 50% overlap of adjacent sections.
Also, care was taken to ensure the

inserted nodules were centered on
sections that were retained during

film viewing. In this way, we elimi-
nated the possibility of a nodule being
missed during film viewing because it

straddled adjacent sections.
3. The luminance of the monitor

used for cine viewing was of less

magnitude than that of the illumina-
tor used for film viewing by a factor of
10. Although this factor theoretically
would have favored film-based view-
ing, we do not believe it was an im-
portant factor in our results. Display
luminance would be a key parameter
in the conspicuity of the lesions if
their visibility were near the thresh-
old level, but the nodules in this
study had very high contrast with

their backgrounds (by a difference of
several hundred Hounsfietd units).
The observers’ perceptual task was to
find relatively conspicuous nodules
in a highly complex, structured back-
ground rather than to detect lesions
at the limit of visibility.

Other Aspects of the Study Design

The intervals between cine and film
viewing were relatively short-as
little as 2 weeks for some readers. Al-
though it is possible that observers
may have had some memory of these

cases during the second viewing,

such an effect would have tended to

narrow the differences in performance
between the two viewing conditions.
Therefore, if an influence of case fa-
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miliarity was operational, our supe-

rior results with cine viewing might
actually be conservative. The study
design also controlled for any possible

influence of viewing order: Four of
the readers saw the cine images first,
and four readers saw the film first.
There were no measurable differences
in observer performance caused by

viewing order.
The study design was not intended

to mimic alt aspects of the detection
of lung nodules in clinical practice.
In the study, simulated nodules were
used and observers were told how
many nodules were present and were

forced to make a specific number of
reports. This method allowed efficient
measurement of observers’ psycho-

physical performance during the two

types of viewing and of performance

as a function of nodule size. It also
allowed control of the “ground truth”
in these clinical images. Forcing ob-
servers to make exactly 10 reports in

all cases helped control for differences
between the two viewing conditions
in the criteria used by observers’ in
their reports; when the number of

forced-choice reports between con-
ditions were equated, then the oppor-
tunities to report nodules between

these two conditions were also
equated. We found that seven of
eight observers used essentially the
same rating criteria for the experi-

mental and the control conditions.
In summary, the radiologists in this

study found more lung nodules on

spiral chest CT scans when the images
were viewed in the cine mode than
when they were viewed as film. The
advantages of cine viewing were ap-
parent even though the computer-
user interface was suboptimat and the
observers lacked experience with the
technique. We believe that cine view-
ing methods have important practical

and perceptual advantages compared
with conventional film-based reading
methods and that substantial im-
provements in the navigational as-
pects of the cine viewing interface are
possible at a low cost. Refinements of

these techniques and increased expe-
nence with them should improve
their capability in the future. #{149}
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