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A study on X-ray image quality based on 
interviews with radiologists in the USA 

W.M.C.J. van Overveld 

Summary 

As part of the IPO / Philips Medical Systems project "Perception of Medical Images", we 
have investigated which parameters are important in the quality of digital radiographs as 
perceived by radiologists. We have done this by observing the processing and viewing of 
images by radiologists in five USA hospitals and by asking their opinion on the quality of 
those images. As in an earlier study conducted in five European hospitals, we found sev
eral categories of image quality criteria used by the radiologists. The most important cate
gories are contrast, sharpness, noise, and brightness. These quality criteria combine into 
the visibility of diagnostically relevant features (diagnostic quality), but they also affect 
the so-called cosmetic quality of an image. Furthermore, things like size, layout of hard 
copy sheets and the use and appearance of shutters turned out to play an important role. 

In this report we describe how each of these criteria were used by the radiologists, and we 
compare the results to the earlier findings in Europe. Some results that hold for all radiolo
gists and all hospitals involved in the study are listed below. 

• Contrast is the most important criterion, where local contrast is more important than 
global contrast. That is, the medically important parts of the image must employ the 
steepest part of the grey value - to - luminance curve. This may imply that all detail will 
be lost in other parts of the image, and these will be extremely bright or dark. This is 
acceptable to the radiologist, even if the saturated dark or bright regions are quite large, 
provided there are no important clues for the diagnosis in those areas. 

• The acceptability of the above mentioned saturated regions is larger in the USA than it 
is in Europe, at least for the radiologists interviewed by us. 

• Sharpness is only a little less important than contrast, and the two notions are often 
intertwined. Sharpness matters where small details must be judged in the images; it has 
less influence on the cosmetic quality. 

• Differences between hard copies and soft copies ( of the same image) are only very 
small and never interfere with the diagnostic quality of the image. Hard copies tend to 
be sharper and have more noise than the corresponding soft copies; differences in con
trast are hardly noticed. 



• Noise only affects cosmetic quality, for the type of examinations encountered here. 
Some radiologists lower the edge enhancement and contrast settings in the presence of 
noise, but most of them are not bothered by it. 

• There are large differences in the effort radiologists are prepared to spend in processing 
images. Some are in a hurry and never process; others process every single image. A 
better user interface might have some effect on that attitude; it will certainly help to 
avoid accidentally deleting whole series of images. 

We have also gathered data on the grey value - to - luminance curves of the various display 
systems (both for soft and hard copy) used, since these characteristics of the monitors and 
laser imagers explain some of the radiologists' remarks about contrast and brightness. 

Recommendations to improve the image quality, the equality of hard and soft copy, and 
the ease of use of the system are given in the final chapter of this report. 
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1 Introduction 

In this study, which is part of the IPO / Philips Medical Systems project "Perception of 
Medical Images", we have investigated the quality of digital radiographs as perceived by 
radiologists. We wanted to know which aspects of images mattered for the quality judg
ment, and whether this depended on the type of examination or on the personal preference 
of radiologists. We were also interested in possible differences between images viewed on 
a monitor (soft copy) and hard copies of the same images. These matters have also been 
addressed in a previous study conducted in five European hospitals (cf. [2]). The research 
described in this report was carried out in five hospitals in the United States, to see if 
image quality judgments differ between Europe and the U.S. as a consequence of differ
ences in taste or cultural background. The following five hospitals were involved in this 
study: 

• Kennestone Hospital, Marietta, GA 

• Atlanta Radiology Imaging Center, Atlanta, GA 

• Emory University Clinic, Atlanta, GA 

• Norton Hospital, Louisville, KY 

• Kosair Children's Hospital, Louisville, KY 

All of these sites disposed of DSI digital X-ray systems, and the radiologists performed 
mainly barium enemas ( colon) and upper gastrointestinal ( esophagus and stomach) exam
inations with them. Colon images were made both in single contrast (solid barium) and 
double contrast (barium followed by air, to get a coating of the barium on the bowel wall). 
Occasionally, we have witnessed other types of examinations: sialograms (imaging of 
glands), myelograms (spinal canal), arthrograms (joints), cysto- and urograms (urinary 
tract). Images were first displayed on a monitor (soft copy image), then some post
processing could be done by the radiologist to change the appearance of the images with 
regard to contrast, brightness, edge enhancement (sharpening) and black-and-white 
reversal. After this, images were printed on film (hard copy) by means of laser imagers. 

The experimental procedure was the same as in the European study reported in [2]. We 
looked over the shoulders of the radiologists for a few days at each site. We observed their 
work during acquisition, post-processing, printing and reading of the X-ray images, and 
we asked questions about the resulting images when they were displayed on the monitor 
and on hard copy. During the post-processing and reading stages, we interviewed the radi
ologist to find out which of the images he or she liked best, which were liked worst, and 
for what reasons. Here we could distinguish between cosmetic (appreciation oriented) and 
diagnostic (performance oriented) quality. We have also asked whether the radiologist saw 
any differences between the soft and hard copy of an image, and if so, what type of differ
ences. The interviews were recorded on audio tape. Furthermore we have taken notes 
about the images discussed in the interviews, and we obtained additional copies of the 
most interesting images for later analysis. We have also performed physical measurements 
on the viewing circumstances and displays, where possible. After transcription of the 
interviews, we have determined which types of image features were used as quality crite-
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rion and how often each criterion was used for the different types of images and different 
radiologists. 

The remarks made by radiologists and the observations of image handling could be gath
ered into seven categories: contrast, sharpness, noise, brightness, information contents, 
layout, and user interface. These categories are virtually the same as those in [2]. The first 
four categories are very general and could serve for any type of image quality (which they 
do: see the extensive literature on dimensions of image quality for TV-like images, e.g. 
[4]). "Information contents" is linked to these four, but is more specifically related to per
formance oriented image quality. "Layout" concerns remarks about the appearance of hard 
copy sheets: the size and order of images, and the general way they are presented. The 
appearance and use of shutters (to cover part of an image) is related to this. Thus, this cat
egory mainly consists of criteria for appreciation oriented image quality. The final cate
gory "user interface" introduces aspects of soft copy images and the way they can be 
selected and processed. The way in which contrast, brightness, and edge enhancement set
tings are varied by a radiologist reveals the relative importance of the contrast, brightness 
and sharpness in the images. This category also contains some problems or complaints 
that radiologists or technicians had with the handling of the system that are not directly 
related to the quality of the images. 

The following five chapters are organized according to the hospitals. For each hospital, we 
describe the aspects of image quality and display equality in terms of the categories men
tioned above. For three of the hospitals, we also give the characteristics of the monitors 
and hard copy units involved in the study, in terms of grey value - to - luminance curves. 
These curves show how the contrast in different parts of the grey value range are dis
played. For each of the three hospitals, these curves are given in the chapter on that hospi
tal. In the appendix, characteristics for different hospitals are compared. From these 
graphs, it can be seen how large variations between displays are, and how much they devi
ate from the "ideal" factory settings for soft and hard copy respectively. 

Chapter 7 summarizes the findings in all hospitals, compares the results with those of the 
previous study in Europe, and lists a few recommendations for possible improvement in 
image quality, equality of hard and soft copy, and the usability of the post-processing 
tools. 
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2 Kennestone Hospital, Marietta 

In this chapter we describe the findings in Kennestone Hospital in Marietta, GA. This hos
pital had two rooms in which DSI X-ray examinations took place: mainly barium studies, 
but also other contrast studies like sialograms and myeloframs. Examinations were made 
in a dimmed environment where approximately 0.3 cd/m reflected from the monitor. The 
viewing console was set in an even darker environment. When images were viewed here, 
all lights were switched off and only 0.1 cd/m2 reflected from the screen. This had a large 
effect on the monitor (adapting itself to ambient light), as seen in Figure 1. 

There was also an Easy Vision station in the department. The digital images were sent to 
this station from the DSI system, and at the Easy Vision station they could be post-proc
essed if necessary. The command to print images was also given through Easy Vision. The 
Easy Vision monitor was located in one of the reading rooms, so that we could directly 
compare soft copies on this monitor with hard copies on the alternator. When hard copies 
were viewed, only the part of the view box on which the films were hanging was switched 
on; no other lights were present in this room. On average, 3 cd/m2 reflected from the mon
itor screen (not adapting to ambient light). 
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FIGURE 1. Luminance characteristics of soft and hard copies in Kennestone Hospital. 
Measurements were performed on a test pattern containing 16 squares of increasing 
grey values located near the centre of the image area. "Refl" indicates the amount of 
ambient light in the room reflecting from the screen of the monitor. 
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Figure 1 shows the grey value-to-luminance curves for the monitors discussed above and 
for the hard copy, where it is assumed that the uncovered view box has a luminance of 
2000 cd/m2. In fact, the box in this room emitted 1700 cd/m2, but we use 2000 cd/m2 

because this was the average luminance for all view boxes encountered, and in this way 
we can compare characteristics of hard copies in different hospitals (see appendix). 

Two radiologists were involved in the interviews: Dr. Clonts and Dr. Thibodeaux. Their 
opinions on image quality are reflected in the following subsections. 

2.1 Contrast 

The remark that was made most often was about contrast. By default, negative contrast 
was applied in this department: radiopaque areas were bright. Both radiologists said that 
they preferred rather high contrast in images. Still they usually did not adapt the contrast 
or brightness settings at the DSI console (default setting 8 on a scale of 1 to 15, for both 
controls). They said that, by having high contrast in the exposures, they could be sure that 
all information was present in the images; decreasing the contrast could always still be 
done by post-processing, but not the other way around. This can be compared to having an 
overexposed cassette film: this can still be used with the aid of an extra bright lamp, which 
brings out the detail in the dark areas, whereas in an underexposed image, the information 
is really lost. 

Displaying images with high contrast in a fixed luminance range had a disadvantage. To 
get enough contrast in the middle grey areas (where the relevant information was, in gen
eral), the lower and higher ends of the grey scale were compressed in luminance. This 
means that both the very bright and very dark areas in an image became saturated: little or 
no detail could be distinguished in those parts of the image. Examinations of the stomach 
and the colon (in single contrast) tended to have a lot of large bright regions, where the 
barium attenuated the X-ray intensity. The bright "blobs" in the images could be quite 
annoying to a layman, but the radiologists did not complain about this. They did not 
expect to see any detail in those regions, so the quality of the image could still be high. 
The same holds for the extremely dark parts in the images, that occurred e.g. close to the 
skin or in the lungs (air). If all detail was lost there, it did not influence the quality of the 
image. 

In fact, most images still had some detail left in the extremely bright or dark areas, but 
much less than comparable images made in European hospitals. Although the relevant 
parts of an image had equally high contrast both in this hospital and in the average Euro
pean hospital, the very bright and dark areas appeared to be much less tolerated in the 
European hospitals (see e.g. Sections 6.3.7. and 7.3.2 in [2]). 

Because of this preference for contrasty images, the radiologists found the hard copies 
sometimes a little too "flat" to their liking, especially when compared to the images on the 
viewing console. When compared to regular cassette films, however, the contrast in the 
DSI images was considered to be better. (Note: in a gastrointestinal study, a few cassette 
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radiographs were made as well, so that a direct comparison of cassette and laser hard copy 
images of the same patient was possible). 

Local contrast - the contrast in a certain part of the grey value range, or in a certain region 
of the image - also played a role. This local contrast was usually high enough for diagnos
tic purposes, but the radiologists liked the background in barium studies to be transparent 
or "clear", e.g. to have the ribs standing out from the soft tissue. This was not important 
for the diagnostic value, but it influenced the appreciative quality of the image. 

The fact that images looked more contrasty on the viewing console might have to do with 
the fact that the viewing console is set in a very dark surrounding. Although the luminance 
curve of the monitor was adapted to this, it still appeared that the images had more per
ceived contrast in a dark surround than in a bright ( or dimmed) surround. The images on 
the Easy Vision monitor seemed to have less contrast because that monitor was situated in 
a brighter environment. The same was true for the hard copies, even though the dynamic 
range of the hard copies was much larger: see Figure 1. Despite the difference in dynamic 
range, the radiologists saw no differences in contrast between the Easy Vision soft copies 
and the corresponding hard copies and they were very satisfied with the grey value corre
spondence in the two modalities. 

There was some discussion on the use of contrast inversion. Most images were displayed 
and printed in negative contrast, but for some types of examinations, positive contrast 
( dense regions are dark) was preferred. This was often the case in sialograms, arthro
grams, phlebograms or myelograms: the typ~ of images where thin lines of relatively low 
contrast had to be judged. The same was observed in the European hospitals: most exami
nations of the above types, as well as angiograms (thin blood vessels), were made in posi
tive contrast. The radiologists claimed to see this kind of information better when the thin 
lines were dark compared to the background, which was the case in a positive contrast 
image. Dr. Thibodeaux remarked that positive contrast can be important for diagnostic as 
well as for cosmetic quality. 

An example of diagnostic quality was a sialogram in which some small stones were much 
more prominent in the positive image than in the negative one. Dr. Thibodeaux even 
expected that he might have missed the stones if he had been looking at the negative 
image only. On the other hand, the negative image was important too, because he claimed 
to see the ramifications of the ducts (bright on a medium grey background) better in nega
tive contrast. This contradicts the general pattern of thin dark lines on a bright background 
being better visible than the other way around, but the difference was quite small in this 
case. It might also have been the personal taste of Dr. Thibodeaux. When we asked Dr. 
Clonts about the same image, he did not have a clear preference for either of the two types 
of contrast: he saw the necessary details well enough in both images, and also in terms of 
cosmetics he did not care very much which image he was looking at. In general, the 
images in such a study were printed both in positive and in negative contrast, just to be 
sure that no information is missing. The same attitude has been observed in other hospitals 
(cf. [2]) as well. 
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Cosmetic quality could also be a reason for printing images in positive contrast. The two 
radiologists mentioned phlebograms and myelograms as an example. These usually 
looked quite dark in negative contrast, and since it did not make a difference for the rele
vant details, the contrast was inverted in those cases. 

2.2 Sharpness 

Sharpness appeared to be quite important for quality judgments, but some remarks con
cerning sharpness were linked with contrast issues. The term "crisp" was used for this. To 
illustrate this "crispness", the radiologists mentioned the high visibility of small detail 
(bone structure, the coating of the colon in double contrast exposures, ... ), which had to do 
with sharpness as well as with contrast, where contrast should be interpreted as the amount 
of "standing out from the background" of a certain detail. It is interesting to note that this 
sharpness- related notion of contrast was encountered in another study ( done in the same 
hospitals) as well, cf. [3]. 

Dr. Thibodeaux said that images looked more crisp on the viewing monitor than on the 
hard copy. The higher contrast of the monitor was already discussed in the previous sec
tion, but he also claimed that the hard copies looked less sharp. Dr. Thibodeaux thought 
that this might be because the images were printed in a large size (four per sheet), and that 
a smaller size would have given a sharper impression. However, the hard copies were 
actually smaller than the monitor images, and in fact Dr. Clonts mentioned this as one of 
the reasons why he thought that the hard copies looked sharper! It should be mentioned 
that the viewing distance was the same for the two radiologists and the viewing angles 
were comparable for the hard and soft copy. We may conclude from this that the "true" 
difference in sharpness between hard and soft copies was very small. It certainly did not 
affect the diagnostic quality, as was admitted by both radiologists. 

The radiologists agreed that hard copies looked sharper than the images on the Easy 
Vision monitor, but there were no complaints about that: the two were never really com
pared in practice. In fact, the Easy Vision monitor was not used for diagnostic purposes 
but only for "brushing up" the images before printing, and the radiologists did not look at 
these images very thoroughly. Only when asked during the interviews, Dr. Thibodeaux 
said that the thin glands in a sialogram were better visible (sharper) on the hard copy than 
on the Easy Vision screen - both in positive and in negative contrast. Dr. Clonts mentioned 
the higher sharpness of hard copies for an esophagus study. 

The edge enhancement setting at the viewing console (default setting: 2 on a scale of 4) 
was not varied very often by the two radiologists. Dr. Clonts did not even know about the 
existence of this feature, but when he was told about it and he tried it on some esophagus 
images, he was enthusiastic about it. He thought that the improved sharpness was very 
useful for the visibility of the thin folds in an esophagus, but in any other barium study, 
such fine detail was not necessary. During a discussion at the viewing console, Dr. Clonts 
pointed out that esophagus images were not sharp enough if the barium was displayed 
very brightly (perhaps because of the increased spot size on the monitor?). Dr. Clonts had 
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two possible remedies for this (apart from edge enhancement): either he inverted the con
trast (positive contrast: the barium was dark against a relatively bright background), or he 
used negative contrast with a very low brightness setting (3 or 4 on a scale of 15). This 
gave satisfactory results, according to him, but the images got even higher quality when he 
increased the edge enhancement on them. 

Finally, it should be mentioned that all images were captured in a matrix of 5122 pixels. 
The higher resolution of 10242 pixels did not appear to be necessary for the kind of studies 
done in this department. 

2.3 Noise 

Very few remarks were made about noise in this hospital. When asked, both radiologists 
said that they were never bothered by noise, neither on the DSI hard copy, nor on conven
tional film. They did see some "graininess" on the hard copy - particularly in large size 
images - but this was usually so little that it never interfered with the diagnostic quality of 
the images. Indeed the images made here contained very little noise. Even if the highest 
possible edge enhancement was used (on esophagus images), still little noise was visible. 
This turned out to be very different in other hospitals (see Chapters 4, 5, and 6). 

Something related to noise was mentioned by Dr. Thibodeaux. He noted small spots of 
slightly higher or lower grey value in smooth areas of the image. These spots were present 
in the hard copies only, according to him, although they appeared to be visible in the soft 
copies too, after careful comparison. (He just had not noted this before because he usually 
did not look that thoroughly at the monitor images.) The spots were usually a few pixels in 
size and had sharp borders: like tiny drops of liquid. These spots were probably due to 
quantization artefacts. Small jumps in pixel value may give rise to noticeable changes in 
luminance, if the grey value - to - luminance curve is sufficiently steep at that point of the 
grey value. If small areas of slightly higher or lower pixel value occur in an otherwise 
smooth region, these spots of different luminance will be visible in the image. In fact, Dr. 
Thibodeaux said that these spots used to be much more conspicuous some time ago, and 
then they even interfered with the diagnostically relevant features of the images. At the 
time of the interview, one had to look very carefully to notice the spots at all, and the effect 
of their presence on the image quality was negligible. 

2.4 Brightness 

The radiologists were usually quite satisfied with the brightness of the images. Remarks 
like a "clear, transparent" background in gastrointestinal images indicated that there was 
sufficient contrast in these areas, but it also meant that the background was bright enough. 
Especially when comparing DSI hard copies to classical film of the same study, the DSI 
images looked brighter: they had less fog, so that the brightest areas in the image had a 
lower optical density on the laser film than on the cassette film. 
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The brightest areas in the images usually attracted the attention; particularly in stomach or 
single contrast colon studies, where there was a lot of contrast material present. In those 
areas the differences between monitors was the most apparent. Even though the viewing 
console monitor (in a dark environment) had a much lower peak luminance than the Easy 
Vision monitor, as seen in Figure 1, the areas of maximum brightness appeared much 
brighter on the viewing monitor. In some cases, this maximum brightness could be annoy
ing, although the radiologists were not overly concerned about it. This could happen if 
shutters covered part of the image, so that the medical information was contained in a rec
tangle within the actual circular image field. The shutters are made of lead, so they are 
bright in a negative contrast image. Normally, these parts of the image are changed into 
black immediately after the acquisition: they are detected automatically by the DSI sys
tem. In some cases, however, this does not happen, namely if the medical information in 
the image contains the maximum grey value at the border of the shutters: in that case, the 
border of the shutter cannot be determined. If this happens, the whole shutter area remains 
white. These areas can form an extensive part of the circular field, and they can be so 
bright that they hurt the eyes. The same effect has been described in [2]. 

It should be noted that brightness mainly affected the cosmetic aspect of image quality. 
The "clear" or bright background of an image made it look more pleasing, even though the 
background did not contain important details. The extremely bright uncovered shutters 
decreased the image quality, although the diagnostic image contents were not affected by 
this - be it that low contrast image information near the border of the shutter could be 
masked by glare from the shutter area. This was usually not the case because the important 
details were generally located near the centre of the image. 

There were small differences between the brightness of images on hard and soft copy. To 
wit, some images seemed a little brighter - especially in the background of some sialo
grams - on the hard copy than on the Easy Vision monitor. Clearly the luminance of the 
hard copy on the view box was much higher than of the soft copy, but the difference in 
brightness was most noticeable in the grey tone of the background. In fact, this can be seen 
from the grey value - to - luminance characteristics of the monitor and hard copy unit, 
respectively: the grey value of the background was mapped to a relatively higher lumi
nance for hard copies than for soft copies (see Figure 1). The change in background level 
also influenced the local contrast and consequently the diagnostic quality was affected as 
well. 

For hard copies, there was another factor influencing the overall brightness: the luminance 
and colour temperature of the view box on which the image was viewed. In this depart
ment, all view boxes were illuminated with the same type of incandescent tube and all 
tubes in a box were replaced at the same time. This was necessary to avoid differences in 
perceived brightness and contrast between films viewed on different view boxes ( compare 
Section 4.4). 
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2.5 Information contents 

As already noted in previously visited hospitals, the information content played a major 
role in the judgment of image quality. The radiologists were satisfied with the images if 
they could see the diagnostic details they were interested in. Usually the quality was fairly 
high. Low quality images occurred in cases where the diagnostic detail was obscured, e.g. 
because of a wrong projection or because an image was over- or underexposed. 

Complaints about inequality of hard and soft copy did not exist; we were told that this 
happened only when occasionally the chemistry of the hard copy unit was not correct (too 
old, or of the wrong temperature). When specifically asked about differences between hard 
and soft copies, the radiologists mentioned small differences in sharpness or brightness, 
but they did not mention this of their own accord because they did not notice it in every
day practice. This has two reasons. One is that they did not look at the monitor image in 
the same way as at the hard copy. They briefly glanced at the monitor to see if they had got 
all the images they wanted and if any of them could be deleted before printing, while they 
studied the hard copies in a much more concentrated manner. The second reason is that 
they were so preoccupied with the medical information in the images that the actual 
appearance .. of the image in terms of absolute brightness levels or noise in irrelevant loca
tions completely escaped notice. As long as the important details were equally visible on 
the hard and soft copy, the radiologists would say that the two looked the same. Only if 
they were asked about things like absolute brightness or noise, and if they were able to 
compare the two types of images side by side, they would notice differences. 

2.6 Layout 

Images were usually printed four per sheet, in the same order as they were taken during 
the examination. If certain images were especially important, they were printed twice as 
large (two on a sheet). This happened relatively often, compared with other hospitals. The 
radiologists appeared to like this size for their images. The size of images had an effect on 
the perceptibility of noise and sharpness, as mentioned in the previous sections. 

The radiologists were also very pleased with the appearance of DSI hard copy films as 
compared with regular films: particularly the extremely dark background between images 
was appreciated. In cases where only one small image was printed, a regular radiograph 
would be a small piece of film, hanging in the top part of a view box. The glare from the 
uncovered bottom part would then be very annoying (lights could be switched off only in 
left-right neighbouring sections of the view box; there were no shutters covering top or 
bottom areas). Here the hard copies made using DSI had a big advantage: a small image 
was printed at the top of a sheet, and the rest of the sheet was black so that there was no 
glare. 

Another issue of image layout has to do with the use of shutters. These were positioned 
during the acquisition of the image, but they could also be adjusted during post-processing 
at the Easy Vision station. This was done in a few cases, mainly where white shutters 
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appeared on the display in negative contrast. The white shutters were considered to be 
ugly (cosmetic quality) and they also occasionally hampered the detectability of low con
trast detail near the shutters (diagnostic quality). 

2. 7 User interface 

At this hospital, little post-processing was done at the viewing console. Images were 
checked there to see if all necessary images were taken, some manipulation of brightness, 
or contrast took place, and then the imagery was sent to the Easy Vision workstation and, 
via that, to the hard copy unit. At the Easy Vision station, there were lots of possibilities 
for further image enhancement and analysis (zooming, stretching the contrast in a region 
of interest, measuring image details, ... ) but very few of these were used in practice. 
Although the radiologists unanimously praised the post-processing possibilities of the sys
tem, we did not observe these possibilities being used on actual cases during the two days 
of the study. In the first few weeks when the system was installed, is was considered a 
"new toy": the processing tools were used very often, to play with the controls and try out 
their effect. After a while, the radiologists more or less returned to the old routine because 
it took too long to use every enhancement tool on every image. Dr. Clonts even mentioned 
that he found the Easy Vision measuring tool awkward to use: first one needed to enter the 
unit of length for the image, and then one had to position the ruler using the mouse. He 
rather made use of an old-fashioned ruler by which he measured distances on the hard 
copy or on the monitor screen. Here we encountered a conceptual problem with sizes and 
measurements on this kind of images: the radiologists saw that there was a difference in 
size between hard and soft copies which they did not understand. Being used to cassette 
films, the possibility of displaying images in arbitrary sizes was confusing for them. 

In general, the mouse of the Easy Vision terminal was used as little as possible:·if the same 
action could be performed using the remote control (similar to the DSI remote view pad to 
which they were accustomed), they preferred to use that. 

The only time extensive processing was used, was when images were prepared for confer
ences or similar occasions where images had to be presented to a large audience. In those 
cases, the appearance of images could indeed be improved, according to the radiologists. 
Increased visibility of the relevant detail was of course the most important improvement 
here, but cosmetic aspects like size, overall brightness and contrast also played an impor
tant role. There was no need (nor time) to do this processing for routine studies, since the 
diagnostic quality was perfectly adequate in the default setting. 
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3 Atlanta Radiology Imaging Center, Atlanta 

This chapter describes the way images were processed and judged at the Atlanta Radiol
ogy Imaging Center (ARIC). At the ARIC, there was one DSI room where gastrointestinal 
studies were performed, as well as sialograms, cystograms and arthrograms. Participating 
radiologists in this study were Dr. Soder and Dr. Steele. 

The viewing circumstances at this site were as follows. Soft copy images were viewed in a 
dimmed environment, where about 0.5 cd/m2 reflected from the screen of the viewing 
monitor. Hard copies were viewed in a room full of alternators where only those (parts of) 
alternators were switched on that were in use at the moment. There were no overhead 
lights or windows in the room. The luminance of an uncovered view box was around 3430 
cd/m2, and 1.3 cd/m2 reflected from a sheet hanging on a relatively full view box. 

Unfortunately, no test pattern could be loaded at this site, so the complete grey value - to -
luminance curve could not be measured. We only measured the extreme values: the peak 
white level on the viewing console (grey value 255 in an image with lar~e white areas) 
corresponded to about 170 to 200 cd/m2, and the black level was 0.05 cd/m (this includes 
internal scattering, since it was measured on the darkest part of a typical image). 

3.1 Contrast 

Negative contrast was applied in barium studies. The images in single contrast colon stud
ies usually had very high contrast, in the sense that both extremely dark and extremely 
bright areas occurred which covered up to 50% of the image. No detail was visible in these 
areas. This looked quite different from the same type of images made in European hospi
tals, and the contrast was also higher than in Kennestone Hospital (Chapter 2). Double 
contrast colon images on the other hand had much lower contrast. 

The radiologists in this department made many remarks on contrast. Even though they did 
not change the contrast setting on the DSI viewing console very often (the default setting 
was 8), at least for gastrointestinal studies, they were not always ~atisfied with the distri
bution of grey values in the images. Dr. Soder mainly complained about the way expo
sures were timed. The timing is based on an initial measurement of the average X-ray 
intensity in a circular measuring field in the centre of the image. If the intensity in this field 
is low - which means that the radiation passed through a thick or dense medium - the 
exposure time will be longer. If the intensity in the periphery ( outside the measuring cir
cle) is higher, then these areas will be overexposed in the image, so that detail will be lost. 
The opposite effect - underexposure - is obtained when a high intensity is measured in the 
measuring field and denser regions occur outside the circle. Usually this is not dramatic 
because the important information is located inside the measuring field anyway, but Dr. 
Soder showed some examples of images where this effect significantly lowered the diag
nostic quality. One example was a study of the small bowels, where the barium in the sig
moid was located near the border of the image, and the centre part of the image did not 
contain any contrast material. Here the radiologist wanted to see the detail in the barium, 
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but this was obscured because the image was underexposed. Dr. Soder would prefer it if 
he could choose the image region on which the timing measurements were done. He com
pared this to a photo camera where one can partially depress the exposure button to meas
ure the light (and hence the exposure time), and then focus on another region before fully 
depressing the button and taking the picture. 

In another barium study Dr. Soder was not satisfied because there were dark regions on the 
left in the image and bright regions (barium) on the right, and both parts showed too little 
detail. This was again due to the timing measurement in the centre of the image, where the 
density was about "average". For the dense regions, this resulted in underexposure while 
the less dense regions appeared to be burnt out (overexposure). It was intrinsically difficult 
to find a good exposure time, if one wanted to judge all aspects of such an image. In this 
case Dr. Soder was mainly interested in the bright barium region, so he could have used 
the user-defined selection of the measuring field, if it existed, to concentrate on this and 
make the dark parts even more saturated. Dr. Soder often complained about saturation: he 
would like to see more detail in the barium and also prevent the "burning out" of the air. 
Just decreasing the contrast at the viewing console did not work, because then the local 
contrast in the relevant regions would be too low. Applying shutters over the air regions 
did work in some cases, giving a better contrast all over the image. 

Quite a few studies were done in positive contrast at this site. As witnessed in other hospi
tals, arthrograms and sialograms are often done in positive contrast, but here we have also 
seen stomach images displayed with positive contrast. Dr. Soder had some preference for 
this in the case of a stomach ulcer, although he could have seen the ulcer in negative con
trast too and he called it "a matter of taste" (cosmetic quality). According to him, the ulcer 
looked sharper in positive contrast and it stood out more clearly from the background. 
This is similar to the observations in Kennestone Hospital, where perceived sharpness and 
contrast were closely linked as well (cf. Section 2.2). 

For arthro- and sialograms, the preference for positive images was much stronger, both for 
Dr. Soder and for Dr. Steele. The radiologists often used the post-processing tools to 
obtain the optimum local contrast in these images. As an example, the thin layer of skin in 
an arthrogram could only be distinguished from the air by lowering the brightness in a 
positive contrast image (default brightness is 10; it was lowered to 7), or by increasing the 
brightness to 11 or 12 in a negative contrast image. In both cases, the grey value - to -
luminance curve was made steep in the range of the grey values to which the skin was 
mapped. The skin was not the relevant information in the image, but if this was visible, all 
relevant details were visible as well. In the positive image, the lowering of brightness was 
also necessary because of the glare coming from the very brightly displayed air in the 
image. Since this was adjacent to the skin layer, the skin could only be seen if the glare 
was reduced. This also had a positive effect on the sharpness of the thin layer, because the 
spot size of the monitor increased with the luminance. 

To conclude, the radiologists found it very important that specific details in the image 
were mapped to the right luminances or luminance contrasts. If this mapping was correct, 
the image quality was good - no matter what happened to other, less relevant parts of the 
image. 
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3.2 Sharpness 

Most images were captured at 5122 pixels, but sialo- and arthrograms were acquired in 
10242 pixels. These studies required higher sharpness, according to the radiologists in this 
department. 

In general, the two radiologists were satisfied with the sharpness of the images: it was suf
ficient for diagnostic purposes. One of their colleagues who was not available for the inter
views was said to complain about the sharpness in double contrast colon images: the 
coating of the colon did not always show enough detail, according to her. In such cases, 
edge enhancement could improve things. In fact this was used quite often by the two radi
ologists participating in the experiment. They applied maximum edge enhancement (set
ting 4) on different types of images: a stomach (the ulcer described in Section 3.1), an 
esophagus, a small bowel, and an arthrogram. The reasons for the enhancement were dif
ferent for the different images, as described below. 

• Stomach images do not usually require extra high sharpness, but in the case of the 
stomach ulcer, this was needed for diagnostic reasons. The ulcers were quite small and 
the high sharpness was necessary to see them properly. 

• In the esophagus study, Dr. Soder wanted to see the thin folds in the mucosa! wall. As 
observed in other hospitals (cf. Chapter 2), a high edge enhancement setting can be use
ful for this, although it is not strictly necessary. As in the case of the stomach, the edge 
enhancement was used to improve the diagnostic quality. 

• For the small bowel, Dr. Steele had an entirely different reason to enhance the sharp
ness. He thought that the original images were not "contrasty" enough, from a cosmetic 
point of view. So, to improve the contrast, he in fact increased the sharpness in the 
image. 

• For arthrograms, it was customary to apply high enhancement (as well as a higher 
number of image pixels), because the information in such images always consisted of 
very thin lines of contrast liquid. The sharpness was vital to the diagnostic quality for 
this type of study. The cosmetic quality was affected as well, as was pointed out by the 
radiologists: they were pleased with the increased visibility of bone structure, which 
was not necessary for the diagnosis. 

When comparing the sharpness of soft and hard copy images, the radiologists did not see 
any differences. They were pleased with the maximum enhanced images both on soft and 
hard copy. They did see differences between the DSI hard copies and regular cassette 
films, however (probably because these two could be compared side by side, which was 
not possible for the soft and hard copies). In Dr. Soder's opinion, the DSI hard copies were 
less sharp than the cassette films of the same patient. He illustrated this by pointing out 
small details (air bubbles, structure in the bowel wall) in the hard copy, which he thought 
were sharper on the cassette image. 

As mentioned in the previous section, the brightness of certain image details also affected 
their perceived sharpness. The monitor at this site suffered from blooming (increasing spot 
size) at luminance levels corresponding to average grey values (around 80 cd/m2 or more) 
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so that the brighter parts in an image were at the same time less sharp. This was one of the 
reasons for decreasing the brightness setting in a few of the arthrograms, as described in 
Section 3.1. 

3.3 Noise 

The visibility of noise was never a criterion for image quality. Indeed, the noise level was 
not very high in most of the images made here, and it was hardly visible in the default set
ting. The noise tended to be better visible after the edge enhancement was increased. 
Although the radiologists saw that there was some noise present in those cases, this was 
not considered a problem. Neither the diagnostic quality, nor the cosmetic quality was 
affected by it. 

Also, the radiologists made no remarks about differences between soft and hard copies 
where perceived noise was concerned. 

3.4 Brightness 

The general impression of brightness of an image was not mentioned as being important 
for image quality. The fact that the default setting for brightness is 10 could be a clue that 
the radiologists like relatively bright images; however, when comparing the hard copies 
from this hospital to hard copies from other hospitals, we did not notice a difference in 
brightness. 

Although global brightness did not play a role, there were some remarks that dealt with the 
brightness of certain parts of the image. An important remark in this category was made 
by Dr. Steele when he was looking at an image in which large white shutters (in negative 
contrast) were visible. Dr. Steele complained about the brightness of the shutters, which 
was quite high. It distracted his attention from the important image contents, and it even 
hurt his eyes when he had to look at it for a while. To improve the image quality, he 
decided to lower the contrast in this image. This lowered the maximum luminance and at 
the same time brought out some relevant detail in the darkest areas of the image. If he had 
lowered the brightness, the bright shutters would have disappeared too, but the image 
would have become diagnostically useless because of the saturated black parts. 

Dr. Soder appeared to be less sensitive to this: he often increased the brightness in nega
tive contrast arthrograms to bring out certain low contrast details, but he did not care what 
happened to the brightest parts in the image if these did not contain information. He also 
did not notice that the brightest parts in the images seemed less bright on the hard copies 
than they did in the monitor. For him, very bright regions were only annoying if he had 
wanted to see information in them which was lost (e.g. in solid barium colon studies). 
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3.5 Information contents 

As in other hospitals, most remarks about the quality of the images were connected to the 
visibility of certain medical details like ulcers, the contrast material in arthrograms, coat
ing of the colon wall, or bone structure. These details could be very small compared to the 
whole image (an example of this was a tendon in an arthrogram study), but still they deter
mined the quality and how the image should be post-processed. 

Even if such a detail was not vital for the diagnosis, it was still appreciated by the radiolo
gist if it was visible. The visibility of the details can be translated to having enough (local) 
contrast, or sharpness, or having not too much brightness in the relevant region. Usually 
all details that the radiologists wanted to see were indeed visible, so that there were few 
complaints., In cases where the detail was less well visible, it was due to a bad preparation 
of the patient or to a bad coating because of remaining fluids in the bowels. On one of 
these occasions Dr. Soder mentioned that he was not always sure that the images con
tained all diagnostically important details. A non-medical detail which negatively affected 
the cosmetic quality of an image was the presence of shadow-like "streaks" over part of 
the image. These were caused by folds (wrinkles) in the sheet covering the patient. 

As for differences between the information contents of soft and hard copies: there were no 
complaints about things being visible on the hard copy but not on the soft copy, or the 
other way around. As said before, this may be due to the fact that the two were never 
directly compared and the radiologists did not look thoroughly at the soft copies. This can 
be illustrated by the fact that Dr. Soder had only noticed the stomach ulcers when looking 
at the hard copies, although later it turned out that they were visible on the soft copies just 
as well. 

3.6 Layout 

There were a few remarks about the appearance of a hard copy sheet. First of all, many 
images were deleted before printing, so that only the most informative images appeared on 
the sheets. The order of the images was fixed, however, since all printing was done in 
batch mode (i.e. all images were printed in chronological order). The size was also fixed: 
there were always 6 images on a sheet, in 3 rows of 2. Apparently the radiologists did not 
deem it necessary to print important images in a larger format. 

In this section we also mention another aspect of the images which influenced the quality 
of the images, from a cosmetic viewpoint. This was an artefact connected to the automatic 
placement of black shutters over the white parts in the border of an image. Frequently, one 
of the black shutters was not positioned precisely on top of the white shutter, but a thin 
white vertical line remained visible between the black shutter and the actual image con
tents. For some reason, this usually occurred for the shutter on the right-hand side only. 
Although the presence of the white line did not interfere with the image contents at all, the 
perceived quality of an image with this artefact was lower than for an image without the 
artefact. Images without the thin white line were rare, however: either the shutters were 
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totally uncovered (lowering the image quality because of the glare of these bright regions), 
or they were almost fully covered in black and the white line was present. If the radiolo
gists had to choose between these two ways of displaying shutters, they would prefer the 
black shutters with the white line: the bright shutters were clearly more distracting than 
the thin white lines. 

3.7 User interface 

The amount of processing done on the images varied very much for different examina
tions. The first few (gastrointestinal) studies observed during this experiment were printed 
without any processing: Dr. Soder did not even look at the viewing console after the expo
sures had been taken, and the technician only pushed the "print" button. In later studies, 
Dr. Soder came to the viewing console to delete unimportant images and occasionally he 
also made some changes in contrast, brightness or edge enhancement, although he did not 
change much in the gastrointestinal images. The stomach ulcer was an exception to this, 
since he wanted to show this interesting detail in the image (after he had seen it on the 
hard copy!) as clearly as possible. In the other barium studies, he did not see anything unu
sual and for that reason special processing was not necessary in those images. He said that 
he did not process such images because it was not really necessary and he did not have ( or 
take) the time for it. He used extensive processing for the arthrograms and sialograms 
only. This was needed for diagnostic reasons, since the default setting (in negative con
trast) did not display enough detail to be useful. 

Dr. Steele used post-processing for almost every image of every study, including gastroin
testinal ones, during our stay. He often tried to change the contrast and brightness setting 
in several steps to see if the image could be improved, and in many cases he ended up very 
close to the initial (default) setting again. He also used the edge enhancement quite fre
quently. 

Dr. Steele deleted many images that did not need to be printed, but he had some problems 
with the way the deleting was implemented. As already noted in [2], one must first put a 
mark on the images in a sequence that need to be kept, and then give the command to 
delete the whole sequence except for the marked images. On one occasion, Dr. Steele acci
dentally deleted a whole run of important images when he really wanted to delete only one 
of them, because he had forgotten to mark all other images in the series. Fortunately the 
patient was still there, so that the series could be taken again, but because of this error the 
patient was exposed to more radiation than necessary. This type of error occurs relatively 
often in various hospitals. This may also have to do with the labels on the buttons for 
deleting and keeping images. It appears that these labels are not clear, since in almost all 
of the hospitals visited in this experiment - but also in Europe - we found pieces of paper 
stuck to the viewing console describing which button meant "delete" and which one meant 
"keep". Usually this annotation was only found for these two buttons; all other buttons 
were self-explanatory. 
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4 Emory University Clinic, Atlanta 

Here we describe our observations in Emory University Clinic. There was one OSI room 
in the radiography department, where we have witnessed gastrointestinal examinations 
only. Dr. Nelson and Dr. Otte were involved in the interviews. 

In this department, the viewing console was not located in the DSI examination room, but 
in the room where the hard copy unit was standing and where hard copies were viewed. 
The monitor was put in a comer where the radiologists hardly ever looked at it; the techni
cian usually entered the printing command at the console. No post-processing took place. 

As no test pattern could be loaded, we only measured the black and white level on the 
viewing monitor: they were 0.05 and 140 cd/m2, respectively. About 3.5 cd/m2 reflected 
from the screen, due to the view boxes in the room. The view box we used when discuss
ing hard copies during the interviews was located in a different room where less ambient 
light was present: 1 cd/m2 reflected from a sheet on the view box, and the view box itself 
emitted 700 cd/m2. Note that this is very little, compared to view boxes in other sites. The 
ambient light came from other (brighter) alternators in the same reading room, which were 
almost fully_covered with films. 

4.1 Contrast 

All images were displayed in negative contrast. According to the radiologists, this was 
always the case except for arthrograms. The radiologists were satisfied with the appear
ance of the grey values in the images, even though the images had been printed in the 
default setting (contrast and brightness settings are both 8). All relevant anatomical details 
could be distinguished. In fact, there were very few remarks about contrast when the qual
ity of the images was discussed; things like sharpness and noise were mentioned much 
more often. This is contrary to the findings in all other radiology departments described 
here and in [2]. 

It appeared that most barium images in this department had lower contrast than in other 
U.S. sites. Especially in colon images, the bright regions where the barium was were less 
saturated than in all other hospitals mentioned in this report. There was still detail visible, 
and moreover these regions were clearly less bright than the surrounding white shutters. 
Only in a few cases (a lateral projection of the esophagus, where the shoulder appeared 
very dense) the brightest areas in the images were as bright as the shutters. In other hospi
tals, this saturated white occurred more much often, e.g. in images of the stomach or the 
bowels. Some saturation did take place in the dark parts of lateral images of the abdomen: 
where there was air in the image. This was not important because there was no informa
tion in these regions. 

Some hard copy images, mainly of esophagus studies, appeared extremely flat and grey. 
This was partly due to the low luminance of the view box: since the dynamic range (in the 
luminance domain) of a hard copy hanging on a view box is smaller if that view box emits 
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less light, the perceived contrast is lower. Indeed the soft copy images of the same esopha
gus studies had slightly higher contrast, although there the contrast was still quite low 
compared to other studies both here and in other sites. 

4.2 Sharpness 

Both radiologists mentioned unsharpness on some occasions. Dr. Otte pointed out details 
on a set of esophagus images that were not sharp enough. This was probably due to move
ment of the patient during the exposure, according to him. The unsharpness significantly 
lowered the quality of these images, even to the point where the diagnostic value was 
doubted. Dr. Nelson remarked that the DSI hard copies appeared less sharp than cassette 
images. For him, this was only a matter of cosmetics, since the sharpness was generally 
sufficient for diagnostic purposes. 

Although the sharpness was not always considered to be high enough, the radiologists 
never changed the edge enhancement setting. This would not fit in the working routine in 
this department, where the technicians printed the hard copies immediately after the exam
ination. It would take too much time to go to the viewing console and change the settings 
before printing, and the advantage of the higher sharpness would not be big enough. In the 
above mentioned case of movement unsharpness in the esophagus, higher edge enhance
ment would not have improved the images; in the case of slightly lower sharpness on DSI 
hard copies compared to cassette films, the unsharpness was not considered severe enough 
to do anything about it. In fact, Dr. Nelson only mentioned it because he was specifically 
asked about differences between the two types of hard copies. 

Apart from this, a higher setting of edge enhancement would not really improve the qual
ity of the images, because it would also introduce noise. We have tried to apply edge 
enhancement 4 (2 is the default setting) on some small bowel images, but the noise 
became quite annoying. 

As usual, all gastrointestinal images were made in the resolution of 512 x 512 pixels. 
Higher resolution was not considered necessary for this type of study. 

4.3 Noise 

Even in the default setting of low edge enhancement, the radiologists noted noise in the 
images. Since little attention was paid to the monitor images, we only discussed the 
appearance of the noise, or grain, on hard copies. Dr. Nelson thought that there was more 
grain in the DSI images than in conventional cassette radiographs. Although he thought 
that the extra grain was quite conspicuous, he did not mind this since the noise did not 
affect the diagnostic quality of the images. On the other hand, conventional radiographs 
had their disadvantages too: these sometimes showed striping due to the chemical and 
mechanical treatment during the developing of the films. The striping did not occur on 
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DSI hard copies, and since the striping was just as bad as the extra grain, the radiologists 
had no reason to complain about the appearance of DSI hard copies as compared to cas
sette films. 

Dr. Nelson also mentioned that grain in the DSI hard copies was more noticeable than on 
the images made with the spotfilm system they used some years ago. When they started to 
use the DSI, they were annoyed with the increased noise, but in the mean time they got 
used to it. Again, the noise only affected the cosmetic quality, which the radiologists found 
not important enough to complain about. 

4.4 Brightness 

Although the average brightness of images was not mentioned as a quality criterion, it did 
influence the quality in a way. Hard copies displayed on the view box with low luminance 
appeared rather dark compared to the images hanging on other - brighter - view boxes in 
the same room. This was also due to the colour of the light: the view box we used emitted 
reddish light, while the other view boxes were blueish. Images hanging on blue tinted 
view boxes ( or printed on blue-base film) appeared brighter or more contrasty than sheets 
that transmitted light of a lower colour temperature. In fact, this was already mentioned in 
Kennestone Hospital (Section 2.4). 

One could argue that the above is more related to the contrast in the images than to the 
average brightness level, as the contrast decreases with decreasing luminance of the view 
box. The absolute brightness level did however play a role in the appearance of white 
shutters in an image. On the viewing monitor, these shutters appeared very bright in cer
tain stomach and colon images: so bright that all attention was drawn towards them. On 
the hard copies of the same images, this was not the case. The shutters were still the 
brightest parts in the image, but their brightness appeared much lower and was less annoy
ing. Note that the luminance of the shutters on the hard copy was much higher than on the 
soft copy: on the hard copy, it was about 400 cd/m2, but only 140 cd/m2 on the soft copy. 
The difference in perceived brightness should be explained by the different viewing condi
tions, the ambient light, different grey value - to - luminance curves and the resulting 
simultaneous luminance contrast in the images. 

4.5 Information contents 

The main complaints about image quality had to do with the way in the exposures were 
made: either a projection was wrong so that the relevant details could not be judged well 
enough, or the patient had moved during the exposure time, or the timing was wrong so 
that a sequence of images of a swallowing action did not contain the image taken at the 
most relevant moment. In all cases, it was the visibility of anatomical features and hence 
the diagnostic quality that counted. Having higher contrast or sharpness or better noise 
reduction would not have any effect on these quality judgements, since the discrimination 
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of relevant detail would not significantly improve that way. The radiologists did not even 
desire less noise in the images or other improvements in quality, as mentioned by Dr. Otte: 
if a higher signal-to-noise ration could be achieved, he would rather decrease the X-ray 
dose and keep the same perceived noise level in the images. 

There were hardly any remarks about cosmetic quality, except for a remark by Dr. Nelson 
about the appearance of the shutters in some of the images. See Section 4.6. 

Differences between soft and hard copies were noted by the radiologists, but the informa
tion contents were always the same in a soft and hard copy image. The two types of 
images differed a little in perceived noise and sharpness, but not to the amount that they 
had different quality. Dr. Otte only preferred the hard copies over the soft copies because 
he could take more time to look at the hard copies. Another advantage of hard copies was 
that they could be compared side by side, according to him. He never diagnosed a case 
from the soft copies, but he was sure that they contained the same information as the hard 
copies. 

4.6 Layout 

Both the radiologists and the head technician made remarks about the appearance of 
sheets of hard copies. The technician said that the radiologists sometimes wanted to have 
(enlarged) prints of just a few images because these were especially important; say, 
images no. 1, 10, and 15 printed in one sheet. At the moment, this was not possible in this 
department without deleting all other images of the patient and then giving the "batch 
print" command. Because this procedure was so inconvenient, hard copy compositions 
like this were made in special cases only. 

Dr. Nelson mentioned the white shutters that appeared in a few of the stomach and colon 
images. He did not really find the shutters disturbing, and they certainly did not affect the 
diagnostic quality, but black shutters would have been "nicer to look at". He also noted the 
vertical white line that sometimes occurred between a black shutter and the contents of the 
image (where the black shutter was not positioned exactly on top of the white one: see 
Section 3.6). He was quite surprised at seeing these lines, and he said that he had never 
seen them before. It is very well possible that this is an effect of the interview: at that time 
he looked at the images in a different, more critical way that he usually did. Still, after he 
had noticed the presence of such a line, it clearly lowered the cosmetic quality of the 
image for him. 

In another case, something had gone wrong during the printing process. Horizontal white 
lines appeared over the bottom half of the sheet. The medical information in each of the 
separate images was still visible and the diagnostic value was not influenced, but the 
whole sheet as such looked ugly. The radiologists did not accept this and the sheet had to 
be printed a second time. 
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4.7 User interface 

As said in the introduction of this chapter, very little processing was done at this site. The 
technicians said that the default setting was generally acceptable to all radiologists, so 
there was no need to have the radiologists process the images before printing. Because of 
this procedure, the hard copies were printed very quickly after each examination. The 
radiologists were glad to have the images available so soon, and did not mind the slightly 
lower (mainly cosmetic) quality that was a consequence of it. Anyway, they had no need 
for a better image quality, as explained in Section 4.5. 

The only thing that the radiologists ever did to the soft copy images, was deleting some of 
them that did not need to be printed. Again we witnessed some problems with the imple
mentation of the "delete" command and the necessity to "keep" all other images before 
deleting some. 

Another issue related to the user interface was brought up by one of the technicians. She 
complained that the data of a patient had to be entered again if a second set of images had 
to be taken after a first set had been printed. This can happen e.g. in small bowel studies, 
where a first set is made when the barium enters the small bowel and about an hour later 
the patient comes back for exposures of the final part of the small bowel. If the first images 
have been printed, that patient cannot be selected again to add some more images to the 
set; he or she must be entered into the system as a new patient. 
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5 Norton Hospital, Louisville 

Here we discuss the results obtained with the observations and discussions in Norton Hos
pital, Louisville, KY. There were two DSI rooms in the radiology department: room 5 
where upper gastrointestinal examinations took place and room 7 where only colon stud
ies were done The viewing circumstances in the two rooms were different. In room 5, the 
viewing monitor was in the same room as the patient monitor, but the viewing console was 
located in a comer where the lights were dimmed. In practical working conditions, reflec
tions of 0.1 cd/m2 off the viewing monitor and 1.5 cd/m2 off the patient monitor were 
measured. For room 7, the viewing console was situated just outside the room in the corri
dor, where 1. 1 cd/m2 of ambient light reflected from the screen. In the room, 2.7 cd/m2 

reflected from the patient monitor. The characteristics of all monitors have been measured 
on a test pattern of grey steps; see the caption of Figure 1. The curves are shown below. 

The reading room contained many alternators, but these were always (automatically) 
switched off where there was no film hanging on them. Hence the room was quite dark 
compared to an average reading room. About 0.1 cd/m2 reflected from a sheet hanging on 
a view box, and the view box itself had a luminance of 1900 cd/m2. The characteristics of 
the laser hard copy unit are also shown in Figure 2. 

The two radiologists cooperating in the experiments were Dr. Baker and Dr. Hinsen. 
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5.1 Contrast 

Directly after acquisition, all gastrointestinal images were displayed in negative contrast. 
Dr. Baker always printed the images in negative contrast, without any post-processing, but 
Dr. Hinsen strongly preferred positive contrast and he manually inverted every image after 
printing. When asked why he did not use the feature "invert during acquisition", which 
automatically inverts the contrast of all images, he gave the following reason for this. His 
way of inverting images allowed him to see each image in negative contrast, if only for an 
instant, before he switched to positive contrast. In this way he could be sure that there 
were no relevant details visible in negative contrast that were being obscured in positive 
contrast. In general, Dr. Hinsen felt that he saw the important things better in positive con
trast than in negative contrast, but he could not pinpoint this to certain details in the 
images. Cosmetic considerations were also involved in this preference. 

The contrast in the negative images made by Dr. Baker was fairly high. Most of these 
images contained some area where the black and/or the white was completely saturated, 
and where all information was lost. Still Dr. Baker was very satisfied with the contrast in 
his images, because he was looking for local contrast only: small low contrast details 
which were important for the diagnosis. The local contrast was high enough in most 
images, except in cases where under- or overexposure had occurred. 

The images produced by Dr. Hinsen usually had lower contrast than those of Dr. Baker. He 
often used the post-processing tools to get a better view of the regions where the barium 
was. For colon studies, the default setting (contrast and brightness both at 8) gave very 
black barium regions in positive contrast, but there were also fairly bright areas in the 
image. Dr. Hinsen wanted to see detail in the dark barium, so he increased the brightness. 
He then had to decrease the contrast a few steps because otherwise the brightest regions 
became too bright. He, like Dr. Baker, wanted the contrast to be optimum in the part of the 
image where it mattered, but he had a slightly different opinion about what the relevant 
regions were. To wit, Dr. Hinsen wanted to be able to "see through" the barium in a single 
contrast colon image: the dark barium had to show enough detail to make a transparent 
impression. Dr. Baker did not care to see any detail inside the colon in a single contrast 
image: in his images, the barium regions were completely saturated (white). In stomach 
studies, on the other hand, Dr. Hinsen's images contained saturated regions as well. The 
barium in the stomach was often completely black, but there were no extremely bright 
parts in such an image. Dr. Hinsen was satisfied with the appearance of the stomach 
images, because he had not expected to see detail in the very thick layer of barium inside 
the stomach. Small bowel studies also had relatively high contrast, but esophagus images 
appeared much more "flat". 

With respect to differences in contrast between soft and hard copies, Dr. Hinsen remarked 
that he was not satisfied with the way grey levels were represented on the hard copy. On a 
hard copy of a test pattern containing sixteen squares of linearly increasing grey values, 
the two darkest squares looked exactly the same, he said. When the hard copy unit was 
first installed, even the third square was equally black. This was unacceptable, because the 
saturation was clearly visible on medical images as well, and relevant information in the 
darker parts of the images was lost. Now that only two steps of the test pattern were equal, 
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Dr. Hinsen did not see any information loss on "real" radiographs, but he still felt uneasy 
about it because he knew from the test pattern that some image data was not displayed. 
Section 5.5 contains some more remarks about this. 

Dr. Baker mentioned a difference between the contrast on DSI hard copies and on cassette 
films. He very much preferred the contrast in the DSI images, because firstly, the dynamic 
range was higher and secondly, low contrast details appeared better on DSI hard copies. 
He illustrated this by pointing out a few low contrast details like air bubbles and small 
diverticuli in a colon. 

5.2 Sharpness 

In general, the two radiologists were satisfied with the sharpness of the images, except in 
cases where the exposure time was long and there was bowel movement. This was one of 
the reasons why Dr. Baker found the sharpness of DSI hard copies better than cassette 
films when he directly compared them, as the cassette films required a longer exposure 
than the DSI images of the same patient. Dr. Hinsen had just the opposite opinion: he 
thought that the regular film looked sharper than DSI hard copies. He even said that very 
fine detail like small diverticuli that were visible on cassette films could get lost in the DSI 
images. 

Dr. Hinsen and Dr. Baker agreed that DSI hard copies appeared sharper than the images on 
the viewing console. They both judged the sharpness from the contours of a colon wall in 
double contrast images and from other small details (including the air bubbles and diver
ticuli mentioned in the previous section). 

All gastrointestinal images were made with an image matrix of 512 x 512. Only arthro
grams were made in high resolution. The edge enhancement was set to 1, which was the 
default setting. Dr. Hinsen admitted that increasing the enhancement gave sharper images, 
but he did not use it because he was bothered by the resulting artefacts like contouring 
(i.e., quantization) and noise. According to him, the increase in sharpness was not worth 
the disadvantages; neither cosmetically, nor diagnostically. 

5.3 Noise 

As mentioned above, Dr. Hinsen objected to the noise when an edge enhancement setting 
higher than 1 was applied. Although it did not affect the diagnostics, the image deterio
rated in cosmetic quality. With the default edge enhancement setting, there was very little 
noise visible in the images and Dr. Hinsen did not complain about it. 

Dr. Baker saw some grain in flat regions of the hard copies, but this did not interfere with 
the diagnostic quality of the images. In fact Dr. Baker was quite pleased with the appear
ance of the grain: it used to be worse when the DSI system was newly installed. Further-
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more he remarked that there was much less grain in the DSI hard copies than in the 
corresponding cassette radiographs. We did not discuss the comparison of noise in soft 
and hard copies because Dr. Baker did not study the soft copies long and closely enough to 
note the appearance of the noise. 

5.4 Brightness 

Dr. Baker preferred to look at relatively bright images, at least if the relevant parts in the 
image were not underexposed. This underexposure occurred in one case of an esophagus 
study, and the resulting images had extremely low quality according to Dr. Baker. There 
was very low contrast in the brighter parts of the images, and all diagnostic detail was lost. 

The reason why Dr. Baker preferred bright images was related to his experience with cas
sette radiographs. There, overexposed (too dark) images can still be read using the extra 
bright light, but underexposed images are useless. For this reason, the technicians making 
the cassette images tend to overexpose rather than underexpose a film. Thus cassette 
images were sometimes quite dark so that Dr. Baker had to use the bright light, although 
he preferred to judge images directly on the view box. The advantage of DSI images was 
that the radiologist himself took the image so that he could avoid overexposure and the 
bright light was not necessary. He could make the images sufficiently bright while taking 
care that no underexposure took place. Note that the issue of over- or underexposure 
relates to diagnostic quality, although the general preference for bright images (and not 
being forced to use the extra bright light) is connected to cosmetics as well. 

5.5 Information contents 

Most of the time, Dr. Baker was pleased with the visibility of diagnostic and other details 
in the DSI images. The only cases when the diagnostic quality was low were those where 
there was bad coating of the barium to the colon wall, or when images were under- or 
overexposed, e.g. because of incorrect placement of shutters. The same is true for Dr. Hin
sen, who was confident that his images displayed all the information he could possibly 
need. He could judge this from the appearance of the colon in a double contrast image: the 
coating was very good, and some tiny air bubbles were clearly visible. He knew that with 
a coating this good, nothing relevant could be missing from the image. 

With respect to differences between cassette images, DSI hard copies and soft copies, Dr. 
Baker remarked the following. He preferred DSI images over cassette images because cas
sette images were always overviews over the whole abdominal region, whereas DSI 
images highlighted separate parts of the bowel area. In this way one could concentrate the 
attention of the viewer towards the relevant aspects of the case. For the same reason, Dr. 
Baker often varied the size of the image intensifier (6, 10 or 14 inch), to get a close up 
view of the most relevant areas and to show the rest in more "minified" images. When 
comparing soft and hard copies, Dr. Baker preferred the hard copies since he could look at 
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them longer. He also saw details on the hard copy that he had not seen on the soft copy 
during the examination, but not because of lower quality of the soft copy: just because he 
had not taken the time to look at all details on the monitor. This was very different for Dr. 
Hinsen: he used the post-processing tools to bring out the diagnostically relevant aspects 
of the image, which he could only do if he had already judged the important details in the 
soft copy. He did not see any differences in information content between the soft and hard 
copy, although he was still worried about the two steps in the hard copy test pattern that 
were equally dark (see Section 5.1). This saturation of hard copies would imply that 
details in the darkest parts of an image would be better visible on the soft copy than on the 
hard copy, but in fact, the opposite is the case! This can be seen from the characteristics of 
the monitors and the hard copy shown in Figure 2: the monitors appeared to have much 
more severe saturation in the lowest grey values than the hard copy did. Still, this had very 
little effect on the display of relevant information in actual X-ray images, since there were 
no complaints about this. 

5.6 Layout 

Some of the negative contrast images made by Dr. Baker showed the white shutters 
already mentioned in the previous chapters. Dr. Baker did not mind this, but while discuss
ing the images, he remarked: "Dr. Hinsen would have inverted that". After inversion to 
positive contrast, the shutters were much less annoying, though in fact Dr. Hinsen would 
have inverted the image anyway even if there would have been no shutters in it. 

Dr. Baker always left the printing of the images to his technicians, so all images were 
printed in the same default size: six per sheet. Dr. Hinsen entered the printing commands 
himself, after post-processing. This allowed him to select different sizes for different sets 
of images. Indeed he usually decided to print the most interesting images in'a larger size. 
Dr. Baker's way to discriminate between images that are more or less informative was by 
varying the size of the image intensifier field. As mentioned in the previous section, the 
images that were diagnostically the most useful ones were often made with the smallest 
image intensifier field. 

5.7 User interface 

Dr. Hinsen made extensive use of the post-processing tools at the viewing console. In 
most studies, he inverted the contrast mode (from negative to positive), increased the 
brightness and decreased the contrast for every image. The contrast and brightness settings 
were changed in a systematic way: for colon studies, the brightness was increased by one 
or two steps and the contrast was decreased by two steps. In stomach images the contrast 
was often kept at the default setting but the brightness was increased by one to four steps. 

Theoretically, one could implement a change of the default settings according to the above 
preferences, depending on the type of examination and of course on the radiologist using 
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the system. This could save a lot of post-processing time in the case of Dr. Hinsen. Note 
that it is not a priori clear that this would be appreciated, since the possibility "invert dur
ing acquisition" for automatically displaying images in positive contrast was not used 
either. It might be that the process of searching for the optimum contrast and brightness 
setting conveys information in itself: by trying different settings, different aspects of the 
image are highlighted and these may combine into an overall impression of the examina
tion. 

Apart from th~ above, we observed that Dr. Hinsen deleted many more images before 
printing than.any of the other radiologists in this or previously visited hospitals. He had 
the following habit of shooting upper gastrointestinal images. He made several runs of 
images, one or two exposures per second, when the patient swallowed the barium. After 
each run, he looked at the images on the viewing monitor; he usually kept the two or three 
best images from the run and deleted the rest (about ten images). He then processed the 
images that he kept before taking a new run of images. When the whole study was com
pleted, he again looked through all of the images and deleted some more. At this stage he 
only looked at 4 x 4 subsampled representations of the images (so that 16 images fit 
together on one screen). He said that he was able to judge whether an image could be 
deleted or not from these small images because he remembered what they looked like in 
the original size and whether there was anything significant in them. He had already diag
nosed the case at this point and had seen everything he needed to see even during fluoros
copy ( continuous low dose radiation - hence relatively low quality imagery - used for 
positioning the patient and for timing when an exposure must be made). The hard copies 
were only made for documentation of the case, and not for diagnostic purposes. 

As for Dr. Baker, on the other hand: he never touched the viewing console and only diag
nosed a case when he got the hard copies, although of course he noted the most obvious 
abnormalities during fluoroscopy. He had no time to post-process the images, he said, and 
was satisfied with the default settings. When he wanted to stress an aspect of a study, he 
did not use post-processing and printing tools for this but he used the things that were 
available during acquisition: the position of the shutters and the size of the image intensi
fier field. 
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6 Kosair Children's Hospital 

This chapter discusses the findings in Kosair Children's Hospital in Louisville, KY. This 
hospital had two DSI rooms (5 and 6) where studies of esophagus, stomach, bowels, and 
bladder were the most frequent types of examinations. We have also witnessed one myelo
gram study. The radiologists involved in the interviews are Dr. Britewieser, Dr. Joyce and 
Dr. Shearer. 

We performed measurements of the displays and the viewing conditions in room 5, where 
most of our observations were made. The viewing console was located in a relatively 
bright environment: 1.3 cd/m2 was measured as the amount of light reflecting from a dark 
screen. The room where the examinations took place was much brighter, however, 
because most examinations were done with the overhead lights on. We measured 10 cd/m2 

reflecting from the screen of the patient monitor. Hard copies were read in a different 
room, where the view box itself was not very bright (900 to 980 cd/m2) but there was usu
ally quite a lot of ambient light from uncovered parts of the box and from overhead lights. 
About 10 cd/m2 reflected from a sheet hanging on the view box. The luminances of test 
patterns displayed on each of the monitors and printed on a hard copy are shown in 
Figure 3. Again hard copy luminances are given for an imaginary light box of 2000 cd/m2. 
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6.1 Contrast 

Most of the images were displayed in negative contrast, for all types of studies, but Dr. 
Joyce and Dr. Shearer sometimes reversed the contrast. Dr. Shearer mentioned that in 
some cases, she saw small details in the contrast material better if the background (bone 
and soft tissue) was bright. One example of this was a contrast filled urethra: a relatively 
thin dark line on a light grey background. 

The gastrointestinal images had a fair amount of contrast, with both extremely bright and 
extremely dark regions. There was no loss of information in these extreme regions: some 
detail was still visible, especially in the bright parts of an image. The dark parts (usually 
the lungs, or areas near the skin) showed more detail on the hard copy than on the soft 
copy. Both on the viewing monitor and on the patient monitor there was some saturation in 
black that did not occur on the hard copy. The saturation was worst on the patient monitor, 
as can also be seen from the curves in Figure 3. As these very dark regions did not contain 
any relevant information in the average image, there were no complaints about this by any 
of the radiologists; in fact, they even unanimously praised the good correspondence of 
contrast in hard and soft copy! 

We were told by the local service people that the different behaviour of monitors and hard 
copy unit in the low pixel value range was maintained on purpose. When they adjusted the 
monitor with the contrast and brightness controls, they asked the opinion of the radiolo
gists and it turned out that they liked the high contrast (including saturation in black) on 
their soft copies. The reasons for this were purely cosmetic. 

It should be noted that the above remarks mainly hold for DSI room 5, where the default 
setting was 8 for contrast, 9 for brightness, and 2 for edge enhancement. Images in room 6 
had less contrast in the default setting (7, 8 and 2 for contrast, brightness and edge 
enhancement, respectively) and the saturation in the black areas was less severe. Conse
quently the correspondence between soft and hard copies was better in this room. The 
lower contrast in room 6 was not appreciated: Dr. Joyce complained about it. She thought 
that the contrast was too low and that the contrast in regular cassette films was better (i.e., 
higher). 

Contrary to gastrointestinal examinations, some of the cystographies were rather flat. The 
contrast liquid stood out from the background well enough, so that the diagnostic quality 
was sufficient, but both Dr. Britewieser and Dr. Joyce complained about the flat appear
ance of the background. This significantly lowered their opinion of the (cosmetic) quality 
of these images. Dr. Britewieser explained that the flat background was a consequence of 
the technique used: because the contrast material in bladder studies was thinner than in 
bowel studies, radiation of a different energy was used so that different attenuations were 
obtained and hence differences between bone, soft tissue and contrast material were dis
played differently. 

Both Dr. Joyce and Dr. Shearer spent a lot of time on the post-processing of their images 
with respect to contrast. They wanted to bring out the diagnostically relevant details in the 
images as well as possible, which was sometimes difficult if different aspects of the image 

33 



required different contrast and brightness settings. In a negative contrast myelogram, for 
example, Dr. Joyce attempted to keep the white region in the spine transparent (brightness 
and contrast may not be too high) while getting as much contrast as possible in the thin 
white details of the nerve roots. In each separate image of this patient, she tried to find the 
optimum settings, which varied from 9 to 12 for contrast and from 7 to 13 for brightness. 
When she applied too high contrast, she was bothered by the increasing visibility of the 
noise, which introduced another limitation on the settings. She even inverted the contrast 
in a few images, which gave a slightly better result. She was entirely focused on diagnos
tic quality when she was optimizing the parameters of this set of images. 

Dr. Shearer had a similar attitude to her images, although she occasionally used the global 
appearance of the image as an additional - but less important - criterion for the optimum 
contrast and brightness setting. An interesting combination of cosmetics and diagnostics 
was found in the processing of a colon image, where Dr. Shearer was not satisfied with the 
way the negative image looked. There were too many different densities in the image, she 
said: the bone, air, and barium were very different in grey value and appeared to compete 
for her attention. This way it was difficult for her to concentrate on the relevant thing, 
which was the colon itself in this case. When she inverted the contrast, the grey values of 
the bone and air (both fairly bright) seemed closer together, which may be due to the 
lookup table and the grey value - to - luminance transformation. This way they were per
ceptually grouped and isolated from the dark barium filled colon. 

Dr. Shearer also made a remarks about the automatic timing of exposures, which did not 
always give a good result (compare the remark of Dr. Soder, cf. Section 3.1). In the case of 
cystographies where the bladder filled with contrast was in the centre of the image, very 
long exposures were made because of the high density in the measuring field. Conse
quently the rest of the image turned completely black, in negative contrast. This was not 
wanted from a cosmetic point of view; the images of the same patient where there was 
only a little contrast liquid in the bladder were much more appreciated (less overexposure 
takes place). Another notoriously difficult case for automatic exposure timing was the 
esophagus where there were very dense regions (the skull) and air close together, with the 
relevant details in between. This kind of image tended to have over- and underexposed 
regions, although carefully positioned shutters could avoid some of the problems. Finally, 
the viewing conditions had an effect on the perceived contrast in the images. In one case, 
the light in the room was dimmed because the radiologist (Dr. Joyce) was bothered by the 
reflections on the patient monitor. This greatly affected the appearance of the darker parts 
in the images: in a dimmed environment, the saturation was much worse than in a bright 
setting. In another case, Dr. Shearer switched off the lights near the viewing console while 
she was processing, to get a better idea of the way the image should be processed. Appar
ently the adaptation of the monitor to the ambient light was not good enough for her, at 
least in the most critical cases. 
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6.2 Sharpness 

The fact that this hospital was a children's hospital posed some problems with sharpness 
that have not been encountered in other hospitals. One cannot expect very young children 
- sometimes newborn babies - to keep still during the exposures, so that quite a lot of 
movement unsharpness is present in the images. Dr. Britewieser and Dr. Shearer pointed 
out some cases of this, where the unsharpness significantly lowered the diagnostic and 
cosmetic quality and little could be done to improve the images. Dr. Shearer did try to use 
edge enhancement to sharpen some urethra images, but it did not work. Sometimes edge 
enhancement did help her to find small diagnostic details. This was necessary because she 
used the largest field size of the image intensifier, most of the time (to give as little radia
tion as possible to the children) which implied a lower spatial resolution. Dr. Joyce also 
used the edge enhancement, occasionally, but both she and Dr. Shearer were often both
ered by the extra noise that this introduced. 

All images were captured in a 512 x 512 image, which appeared to be adequate from a 
diagnostic viewpoint. Classical cassette images were judged to be sharper than DSI 
images, though, as remarked by Dr. Joyce. 

6.3 Noise 

As mentioned in the previous sections, noise was often the limiting factor in increasing 
sharpness or contrast. It appeared that noise played a much more important role in the 
judgement of image quality at this site than in other hospitals. This may be caused by the 
low X-ray dose used on the children. In the default setting, the noise was visible in flat 
regions, but it was not disturbing. 

Dr. Joyce thought that she saw more noise in hard copies than in soft copies. Initially she 
had two explanations for this: firstly, she was used to cassette hard copies that had very lit
tle noise in them and she automatically compared the noise appearance of DSI hard copies 
with those, whereas she had nothing to compare the soft copies with; and secondly, she 
looked at hard copies longer than at soft copies. Yet when she scrutinized the soft copies, 
she still found that there was less noise in them than in the DSI hard copies. 

The effect of increasing the contrast setting on the appearance of the noise was demon
strated by Dr. Joyce on an image with a low-contrast calcification in the urinary tract. 
When she wanted to make the calcification better visible, small specks occurred in the flat 
background, which affected the cosmetic quality. This was so bad according to the radiol
ogist that she lowered the contrast again. 

The effect of edge enhancement on noise was demonstrated by Dr. Shearer, who even low
ered the edge enhancement to 1 in one case where she found the noise particularly annoy
ing. This very much depended on what she wanted to see in the images; in some cases she 
tolerated the noise to bring out a certain low contrast detail. Here the cosmetic quality was 
sacrificed in favour of the diagnostic quality. 
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Dr. Shearer also mentioned that the amount of noise in an image depended on the size of 
the image intensifier: with a small field, the image tended to be grainy. This was particu
larly noticeable in images that were printed in a large size (two in one sheet). Finally she 
remarked that the perceived noise in hard copies depended on the kind of incandescent 
tubes used in the view box. 

6.4 Brightness 

In the European hospitals described in [2], we found that the brightness of the background 
(in subtraction images) was usually quite important for the cosmetic quality of an image. 
Here we saw something which may be compared to that. Dr. Shearer mentioned the fact 
that images looked alright during the exposure, but immediately after this some processing 
took place (harmonization and automatic windowing) such that the grey values changed. 
Often, the result was less good than the original image. Especially the decrease in bright
ness of large, flat areas (the background) was objectionable according to Dr. Shearer: she 
had a distinct preference for the relatively bright background occurring in the fluoroscopic 
images, and this became too dark after the initial processing of the exposures. 

There has been some discussion on the brightness of the images on different monitors. Dr. 
Shearer found the images in general a little too dark, which sometimes interfered with the 
diagnostic quality if the relevant details were in the darker regions of the image. In that 
case she had to increase the brightness by a few steps. In room 6, the patient monitor 
appeared brighter to her than both the viewing console and the hard copies. Indeed the 
brightest regions in an image were brighter on the patient monitor than on the viewing 
monitor, in comparable lighting conditions (dimmed), but there was much more saturation 
in black on the patient monitor. Because of this more regions in the image were mapped to 
the minimum black level, so that according to the author, the overall impression was 
darker on the patient monitor. That Dr. Shearer had a different opinion might depend on 
her focusing at specific (bright) details in the images. 

In room 5, we found the opposite phenomenon. Again the patient monitor displayed bright 
regions more brightly than the viewing monitor and it had more saturation in dark regions, 
but here Dr. Shearer thought that some images appeared brighter on the viewing console. 
Here there was more ambient light near the patient monitor than in room 6, which may 
explain why the brightest regions on that monitor attracted less attention than they did in 
the darker environment of room 5. 

When negative contrast images had white shutters in them, Dr. Shearer complained about 
the high brightness of those shutters. She decreased the contrast in those images, but not 
just for cosmetic reasons: also because the white barium in the colon was not transparent 
enough in the default setting. 
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6.5 Information contents 

All three radiologists were concerned with the diagnostic details in the images and how to 
display these as clearly as possible. Dr. Britewieser did not use the processing tools very 
often, but he applied shutters and varying image intensifier field sizes to highlight the rele
vant aspects of each image. Dr. Shearer and Dr. Joyce used post-processing to optimize the 
visibility of the relevant details, sometimes at the cost of the cosmetic quality in other 
parts of the image. They clearly concentrated on the abnormalities when processing (and 
presumably even when comparing images on different modalities ( different monitors, or 
hard versus soft copy)). 

Concerning loss of information in either hard or soft copies, there were no complaints. Dr. 
Joyce did say, however, that the sometimes saw diagnostically relevant things under fluor
oscopy that she did not encounter on the exposures. This does not necessarily imply that 
the quality of fluoroscopic images was higher than that of DSI exposures; it just means 
that the continuous movement of the images added important information to the diagnos
tic process that could not be captured in separate images. It is also possible that some 
detail was only visible for a short time ( e.g. during the filling of a bladder or a stomach) 
and it had disappeared again before the radiologist could take the picture. 

The images with lowest quality were always those where the diagnostic information was 
not displayed well enough, e.g. because a wriggling baby had moved an arm or leg in front 
of the image intensifier at the exact moment of an exposure. Even if there was sufficient 
contrast in the region of the arm or leg so that the relevant area could still be judged 
through it, such an image was disliked because an image without the obscuring arm or leg 
would have displayed the information much better. 

6.6 Layout 

The three radiologists had different opinions about the layout of hard copy sheets. In a typ
ical bladder study, Dr. Britewieser always took exactly six exposures at the same angles 
and at the same time of the study (two during the filling of the bladder, two different pro
jections when the bladder was full, et cetera). After printing, these six images filled one 
sheet of film and he always knew exactly which type of image occurred where in the sheet. 

Dr. Joyce and Dr. Shearer were less systematic in the layout of the sheets. The number of 
images per examination varied so they did not have a fixed position in one of the sheets. 
Although all images were printed in chronological order in the default size (six per sheet), 
two or three of the most important images were usually printed in a larger size (two on a 
sheet). The radiologists spent a lot of time on the processing of these large images; much 
more than on the images that were printed in the default size. 

The appearance of white shutters was not appreciated in the images; particularly not if 
they were not positioned correctly. These big white circle segments could be quite disturb
ing in a sheet full of images. This was remarked by both Dr. Britewieser and Dr. Shearer. 
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We noticed that all radiologists added annotations on the hard copy images, using a felt-tip 
pen. They drew arrows to indicate reflux in a stomach study, or on small bowel images 
they wrote the time that had elapsed since the beginning of the study, if exposures were 
taken at different times during the passing of the barium through the bowels. There was 
always a letter 'R' on each of the images to indicate the right-hand side of the patient, 
since there was a lead letter stuck to the table so that it appeared in each exposure. 

6.7 User interface 

There was a significant difference in the attitude towards post-processing between the 
radiologists. Dr. Britewieser hardly ever changed the setting of images at the viewing con
sole, though he deleted many of them before printing. As mentioned before, he discrimi
nated between more and less important images or parts of images by using shutters and the 
size of the image intensifier field. 

Dr. Joyce processed her images carefully, but only if she had enough time to do so. Often 
she only processed the images that were to be printed in a large size, and she admitted that 
this was not always needed from a diagnostic point of view: it just made the images more 
appealing. It is worth noting that the enlarged images were often printed in positive con
trast, whereas the "default" images were printed in negative contrast. Apart from this Dr. 
Joyce also used the shutters during the acquisition to focus the attention of the viewer to 
the medically important area. 

Dr. Shearer used the processing tools even more extensively and varied the contrast and 
brightness settings over a large range: she printed some thorax images with the maximum 
contrast setting ( 15) and a brightness setting of 2, and on a colon she used c1; brightness of 
14 with contrast of 8 to 10. Also, reversing of the contrast was often applied by her. She 
did this to bring out the relevant details and felt that this was diagnostically necessary. 
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7 Conclusions and discussion 

In this chapter we summarize the findings in the five hospitals and compare the results 
with our European study (cf. [2]), where possible. We will also mention some suggestions 
for changes in the DSI system such that the image quality obtained with it might improve. 

7 .1 Contrast 

In all hospitals, local contrast was one of the most important aspects of image quality. 
Images were taken and processed such that the relevant medical details were displayed 
with sufficiently high contrast, even if such a detail covered only a very small part of an 
image. The resulting visibility of small, low contrast details was sometimes regarded as 
"high sharpness" instead of high contrast. It had a large effect on the diagnostic quality of 
the images. 

In many cases, the consequence of high local contrast in the relevant area was saturation at 
the high and/or low end of the grey scale in other regions of the image. This was not 
appreciated by all radiologists, but most of them had less objections to this than their 
European colleagues had. This strongly depended on the personal taste of the radiologist: 
some (the younger ones, in general) wanted to see through the barium in a single contrast 
colon image, and others did not. For the former group of radiologists, saturation affected 
the diagnostic quality, particularly in images where they believed the saturated regions to 
contain useful information. 

The cosmetic quality of the images was affected if the global contrast in an image was too 
low: that is, if the dynamic range of luminance was too small, such that the darkest regions 
looked grey instead of black and the brightest regions were not brilliant enough. Often, the 
images in which this occurred were not exposed correctly, so that the diagnostic quality 
(which was much more important than the cosmetic quality) was low as well. 

With respect to hard and soft copy comparison, there were few remarks. Although a lay
man sometimes saw significant differences in the way grey levels. were mapped to lumi
nances (see e.g. Section 6.1), most of the radiologists were very satisfied with the 
correspondence between soft and hard copies. The same holds for the comparison between 
DSI hard copies and cassette films, although a few radiologists remarked that DSI hard 
copies had better contrast than cassette films. 

Whether images were displayed in positive or negative contrast depended on the radiolo
gist and on the type of examination. A few radiologists strongly preferred the positive con
trast mode for various types of studies, usually for diagnostic reasons. This was very 
important for arthrograms, which were printed in positive contrast by all radiologists. 
Here the sometimes very subtle detail could only be judged on a bright background. For 
other types of studies like myelo- and sialograms, the radiologists did not agree on the 
contrast mode: some details were more visible in positive mode, and some stood out better 
in negative contrast. In these cases, cosmetic quality determined in which mode the image 
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would be printed. Often, positive contrast was chosen in such.cases because the image just 
looked "nicer" if it had a bright background. Barium images were almost always printed in 
negative contrast, but this was mainly a matter of tradition. The - very few - radiologists 
who reversed the contrast on this type of study felt that they could see certain details better 
in positive contrast, so that for them, the diagnostic quality increased by reversing the con
trast mode. We found similar results in the European hospitals. 

7 .2 Sharpness 

It turned out that sharpness was a very important criterion for image quality: in some of 
the hospitals, it was more important than contrast. Also, when comparing different types 
of images (hard and soft copy, or OSI and cassette film), sharpness was mentioned very 
often as one of the aspects in which the images differed. We did not find this in the Euro
pean sites: there, contrast played a more important role. This is somewhat surprising, 
since, from a diagnostic point of view, most of the (gastrointestinal) examinations studied 
here required less sharpness than some of the (angiographic) examinations witnessed in 
the European hospitals. Therefore one might think that sharpness would be less important 
at the U.S. sites. 

Most radiologists noted that the sharpness of images was higher on hard copy than it was 
on soft copy. Only one of them (Section 2.2) said that soft copies were sharper, although 
this may be due to confusion of sharpness with contrast. Similarly, all but one of the radi
ologists found the sharpness of OSI hard copies less than that of cassette films. This can be 
explained by the MTF (modulation transfer function) of the three types of images, which 
is highest for cassette film, lower for OSI hard copies and even lower for monitors, in the 
high frequency range. 

The radiologists who thought that the sharpness was low(er) on OSI hard copies or soft 
copies did not find the sharpness too low for the diagnostic purpose of the image. Usually, 
the sharpness was high enough to judge all relevant details, as was illustrated by the radi
ologists who indicated several small details in the images. These details were equally well 
visible on hard copies and soft copies, in general. Sharpness mattered leas_t in stomach and 
bowel images; it was somewhat more important for esophagus studies; uro- and cysto
grams, sialograms and myelograms required higher sharpness, and it was vital for arthro
grams. For this reason, arthrograms were usually the only type of study made in 1024 x 
1024 image pixels. 

In some cases, the radiologists were not satisfied with the sharpness of their images, e.g. 
due to movement of (parts of) the patient. To increase the perceived sharpness in the 
images, some of the radiologists applied increasing the edge enhancement and decreasing 
the brightness setting (to decrease the spot size of the monitor?). The latter has never been 
observed in the European hospitals - possibly because the monitors in those hospitals were 
adjusted to a lower maximum luminance. The sharpening techniques were mostly applied 
for cosmetic reasons, since most of the details were also visible without the enhancement. 
Enhancment of the edges had some disadvantages as well: some radiologists complained 
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about the increased visibility of noise and contouring artefacts that were introduced with 
the higher sharpening. 

It is important to note that the perceived sharpness was related to the size of the images ( or 
the viewing angle) on the display: larger images seemed less sharp. 

7.3 Noise 

The tolerance to noise was quite different for different radiologists. Some of them did not 
see any noise at all, even at the highest edge enhancement settings (Chapter 2); others 
were quite sensitive to noise and rather lowered the edge enhancement and contrast to get 
rid of the noise that was visible in the default setting (Chapter 6). Still, most of the radiol
ogists saw some grain in flat parts of the images, but they were not bothered by it. The 
diagnostic quality was hardly ever degraded by the presence of noise, but the cosmetic 
quality was sometimes lowered for those radiologists that were the most sensitive to noise. 
Averaged over all observations, the attitude towards noise was the same for American and 
European radiologists. 

In most cases, noise was more noticeable on the hard copies than on the soft copies. Apart 
from the difference in MTF as mentioned in the previous section (high frequency noise is 
displayed better with a high MTF) this can also be explained by the fact that the radiolo
gists usually studied the hard copies more intensely than the soft copies so that they saw 
very subtle things like noise only on the hard copy, even if it was present on the soft copy 
as well. 

When comparing DSI hard copies and cassette film, most of the radiologists thought that 
the DSI hard copies had a little more noise in them, but one of them (cf. Section 5.3) had 
the opposite opinion. If DSI hard copies have more noise than cassette images (which was 
also found in [2]), this cannot be explained by the MTF of the two hard copy devices, 
since the MTF of cassette films is higher than that of DSI. Here we must take into account 
that the acquisition parameters are different for cassette and DSI exposures, so that the dif
ferent X-ray dose also has an effect on the noise in the images. 

Furthermore we found that noise tended to be more noticeable in larger images. 

7.4 Brightness 

In [2], we distinguished between the brightness of different parts in the image: the average 
brightness, the maximum and minimum brightness in an image, and the brightness of the 
background in subtraction images. In this study, we found evidence that the same types of 
brightness play a role, although this is less pronounced than for some of the European 
sites. 
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The average brightness was mentioned a few times, in cases where an image was not 
bright enough in the default setting. This happened in Norton and Kosair hospital (Sec
tions 5.4 and 6.4), where mainly the cosmetic quality was affected, and in the ARIC 
(Section 3.4) where a higher brightness was sometimes needed for diagnostic reasons. 

The brightness of the brightest parts was only important in those cases where white shut
ters appeared. There, some of the radiologists took care that these areas were not too 
bright. The brightness of barium regions in negative contrast was less important according 
to the radiologists, although the fact that saturation occurred in those regions did matter 
for some of them. For a layman, the brightness of large patches of barium appeared to be 
more important. 

The brightness of the darkest parts in an image was not mentioned as a quality criterion. 
Only if single contrast barium images were printed in positive contrast, the dark barium 
regions should not be too dark (cf. Section 5.1), but this was because of the local contrast 
in those regions and not because of the brightness level as such. 

Interestingly, we found a few cases where the brightness of the background was men
tioned as a criterion for quality, but not for subtracted images as in [2]. It was mentioned 
for bowel images (Section 2.4 and 5.4) and for bladder studies (Section 6.4). In all cases, 
the radiologists wanted the background to be sufficiently bright. This is related to diagnos
tic quality in the sense that the relevant details had to stand out from the background, but 
there was also a cosmetically determined component in this preference for bright images. 
This is quite similar to the findings in [2]. 

7 .5 Information contents 

As mentioned before, all radiologists judged the quality of their images predominantly 
from the visibility of medical details. In most cases they were concerned with the visibility 
of details that were important for the diagnosis (diagnostic quality), like patterns in a 
mucous membrane, filling defects in glands or urethras, or ulcers. On some occasions they 
also judged the quality from less important details like air bubbles, bone structure or a thin 
layer of skin. The latter was usually the case if there were no abnormalities in the image. 

The equality of soft and hard copies was also judged by the visibility of such details. If the 
relevant details were equally well visible, the radiologists tended to say that the two were 
equal, even though the grey value correspondence was not correct in other parts of the 
images. Regardless of the equal image quality of the two, all radiologists unanimously 
preferred hard copies over soft copies because they could study the hard copies at ease. 

When post-processing was applied, it was used to enhance the visibility of the details 
mentioned above. This was done even when this detail was only very small compared to 
the whole image, and when its visibility implied that the rest of the image had low cos
metic quality. In cases where a radiologist tried to make the image cosmetically appealing 
as well, he or she only did so after the visibility of the important details was ensured. 
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7.6 Layout 

Several remarks were made about the way images were presented on hard copy sheets. 
White shutters were usually disliked; the black background between images was appreci
ated. The possibility to print images in a large format was used quite often, even though 
both noise and unsharpness were more prominent in larger images. Some of the radiolo
gists would also like to make compositions of arbitrary images in one sheet ( cf. 
Section 4.6), which was not possible with the configuration they disposed of. 

In most of the hospitals, we have observed some use of annotation in images, ranging 
from lead letters "L" or "R" being photographed together with the patient, to the writing of 
arrows or text with felt-tip pens. We have not encountered the desire for "computer aided 
annotation" as was expressed in Nieuwegein (cf. [2]). This was partly due to the fact that 
some of the annotation (writing arrows) was possible only after a case had been diag
nosed, which was usually not done at the viewing console. 

7.7 User interface 

Just like in the European hospitals, we have seen different attitudes of radiologists towards 
the processing and handling of images. Some of them - often the senior radiologists, being 
trained and experienced in cassette imaging - did not use any of the post-processing tools 
and hardly looked at the viewing monitor: they waited until the hard copies were available 
before they interpreted the images. If they wanted to focus the viewer's attention on 
important details in the study, they used the tools that were available during acquisition 
only, like the position of shutters and the image intensifier field size. At the other end of 
the scale, we found the radiologists who liked to manipulate the images and took pride in 
"getting the most out of them". Roughly speaking they belonged to the younger genera
tion, and were to some extent familiar with computers in general and image processing in 
particular. These radiologists spent a lot of time at the viewing console and used all possi
ble tools (contrast, brightness, inversion, edge enhancement) to obtain the optimum pres
entation of the information that was contained in the images. 

We found that the radiologists in the latter category were more critical with respect to 
image quality than the radiologists in the former group - indeed, the reason why they 
manipulated the images was the fact that they were not satisfied with the default presenta
tion. After processing, they were more satisfied with the quality, but they were not always 
able to obtain the result they would like so that they still uttered complaints. On the other 
hand, the radiologists who did not use any processing were generally satisfied with the 
hard copies they got. This is more or less in contradiction with one of the conclusions in 
[2], where we noted that the image quality was higher if more effort was put into the 
processing. 

As in [2], we encountered some problems with the way radiologists interacted with the 
system. First of all, some of them were not aware of the possibilities of the system: edge 
enhancement was an unknown feature for one of the radiologists in Kennestone hospital, 
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but also for the radiologist in Drachten (cf. [2]). The same probably holds for the feature 
of manual shutter blanking: the way to cover white shutters with black ones during post
processing. We have seen this used at only one of the sites, although radiologists com
plained about white shutters in almost all hospitals visited. 

The second, more serious problem is with the "delete" function. Accidentally deleting a 
whole run of images when only one image was intended, or nearly doing so, was observed 
several times both here and in the European hospitals. The fact that hand-written labels 
were attached to the "delete" and "keep" buttons at all sites already shows that the icons 
on these buttons were not clear by themselves; but in spite of the extra labels, mistakes 
were still made. 

7.8 Recommendations 

Based on the observations in the five hospitals in the USA, but also keeping in mind the 
results of the European study, we come to the following recommendations. These recom
mendations fall into different categories: 

1. controlling display behaviour; 

2. dealing with saturation problems and local contrast enhancement; 

3. stimulating the use of processing tools and other user interface matters; 

4. detecting white shutters in an image. 

Concerning 1: although we have heard few complaints about the inequality of hard and 
soft copies, the characteristics in terms of grey value to perceived brightness.were some
times quite different for hard and soft copies. The differences are even larger when we 
compare displays across hospitals, as can be seen from the two figures in the appendix. We 
feel that if the characteristics of the various hard and soft copy displays were more equal 
than they are at present, there would be less problems with the comparison of images on 
the patient monitor and the viewing monitor, or with studies made in different examination 
rooms or different departments. This is largely a matter of correct adjustment of the moni
tors and hard copy units, since reference curves for monitors and hard copiers are availa
ble. An issue related to this is the functioning of the electronic eye: the light sensor on the 
monitor and the way the characteristics of the monitor are linked to this. From the obser
vations - radiologists switching off the light before processing - it follows that the adapta
tion of the monitor is not as good as it should be. If the adaptation cannot be changed, then 
at least many of the problems caused by this could be solved by providing a set of guide
lines concerning the optimum lighting conditions in examination and viewing rooms. 

Concerning 2: We have seen that the location of the measuring circle sometimes causes 
saturation in the border areas of the image which can be annoying if there is important 
information in these areas. One way to solve this is the suggestion by Dr. Soder (cf. 
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Section 3.1 ): let the user be able to determine where the phototiming measurement is done 
so that he can use the measurement of one region for the exposure of another region. 
Another, less involved way to improve the contrast in saturated regions is a new imple
mentation of the automatic windowing function. Nowadays, automatic windowing is per
formed by choosing the minimum and maximum digital value within a measuring circle, 
applying a linear lookup table in between these values, set all values below the minimum 
to O and assign 255 to all values above the maximum: see Figure 4. If the clipping at min
imum and maximum values would be less rigid, like in Figure 5, then some information in 
the very dark and very bright areas would be visible because of the contrast enhancement 
in the regions that would otherwise be completely saturated. It would also help to get rid 
of some of the contouring artefacts around O and 255, which can be visible if the lookup 
table is steep between the minimum and maximum value. 

255 

0 

0 min max 255 

FIGURE 4. Current lookup table for automatic windowing. 

255 

0 

0 min max 255 

FIGURE 5. Proposal for lookup table for automatic windowing. 
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The above proposal only enhances contrast in very dark and very bright regions, but often, 
contrast enhancement is wanted in the medium grey range. The only way to obtain this at 
the moment is by increasing the contrast setting, which has the disadvantage that darker 
and brighter parts of the image may become saturated. It may be useful to try out other 
existing types of contrast enhancement algorithms, which enhance only low contrast edges 
to an amount which could be controlled by the user. An example of such an algorithm can 
be found in [4]. 

Concerning 3: as was already mentioned in [2], some of the radiologists may be able to 
produce higher quality images if they use the post-processing tools more frequently. Since 
they either do not have enough time for processing, or they are not aware of (some of) the 
possibilities, we can propose several ways in which they could be persuaded to use more 
processing: 

• Make processing less time consuming and more appealing by providing a better user 
interface. A more thorough study would be needed to design an improved user inter
face, separate of the current image quality study. 

• Another approach is to provide more suitable default settings for brightness, contrast 
and edge enhancement, so that there is less need for the radiologist to do the processing 
manually. This same recommendation was proposed in [2]. The default settings should 
be made dependent on the type of examination and on the radiologist doing the study. 

• To ensure that all users know all features of the system, better training should be given. 
One could think of a tutorial session or a "guided tour" through the system, or an on
line help function, similar to those that come with certain consumer software packages. 
This is even more important for users getting acquainted with an Easy Vision station, 
since they have to get used to many more processing features than those provided with 
OSI. 

Another issue dealing with the user interface of the system is the "accidental delete" prob
lem signalled in the previous chapters and in [2]. Again, a separate study could suggest 
better descriptive icons for the "delete" and "keep" buttons. It could also be worthwhile to 
have another serious look at the actual concept of labelling images in a run before deleting 
the rest. If this is not feasible, something like an "undo" function could be provided to 
restore images that have been deleted by accident. 

Finally, concerning 4: it ought to be possible to improve the automatic detection of shut
ters in an image so that the pixel value can be set to zero in those regions. One could for 
instance exploit the fact that shutters are placed symmetrically around the centre of the 
image in the kind of systems considered in this study. Suppose the shutter on the left can
not be detected because saturated white image regions cross its border. Then it is quite 
likely that this does not happen at the border of he right-hand shutter, so that this shutter 
can be detected. Because of the symmetry, the position of the left-hand shutter is known 
too at that point. This could help to significantly improve the cosmetic quality of a large 
percentage of all images. 
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Appendix 

Here we present the grey value - to - luminance curves for all monitors and hard copy 
devices encountered in the three hospitals where we could measure these characteristics. 
The curves are the same as shown in Figures 1, 2, and 3, but here they are combined so 
that displays at different sites can be compared. Figure 6 shows all curves of monitors, and 
Figure 7 shows the results for hard copies. Details about the procedure of measurement 
can be found in the caption of Figure 1. We also plot the reference curves for soft and hard 
copies in these graphs: the ideal transfer characteristics for a monitor (with average ambi
ent light level) and for a hard copy unit, as prescribed by Philips Medical Systems. 
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FIGURE 6. Grey value - to - luminance curves for all monitors. 
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FIGURE 7. Grey value - to - luminance curves for all hard copy units. 
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