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SWUlary 

To find out how the quality of digital x-ray images is perceived 
by radiologists, we have visited the radiology departments of 
five hospitals, we have observed the processing and reading of 
OSI and DVI images in practice, and we have interviewed the 
radiologists on the subject of image quality. With these 
interviews, we have also studied the comparison of images on soft 
copy (monitor) and hard copy (film), as there were indications 
that medical information is sometimes lost during the printing 
process. 
The most important conclusions of this study are outlined below. 
- We found two types of image quality: diagnostic (all relevant 
details have to be visible) and cosmetic ( the image must be 
visually appealing). Parameters like contrast, sharpness and 
noise affect the two types of quality in different ways. 
- The contrast in medically relevant parts of an image is the 
most essential criterion for diagnostic image quality. A global 
impression of contrast ( the overall dynamic range) is more 
important from a cosmetic point of view. 
- Sharpness is the second most important aspect of an image 
affecting its diagnostic quality. The visibility of small details 
(even if they are not important for the diagnosis) must be 
guaranteed for high quality images. 
- Noise is generally not considered as very important. It never 
interferes with diagnostic image quality, and cosmetic quality 
is decreased only if the noise is very conspicuous. 
- The brightness of the background in subtraction images appears 
to have a surprisingly strong effect on their cosmetic quality. 
- Very few differences between soft and hard copies have been 
found, except for those due to wrong adjustment of monitors or 
hard copy units. As regards the contents of the image, only a 
little more noise was sometimes perceived in hard copies. 
Furthermore many remarks were made about the lay-out of hard copy 
sheets (ordering and size of images, annotation, ... ). This lay
out was quite important for the cosmetic quality of hard copies. 
- We found small differences in quality judgements between the 
radiologists, and more notable differences if the judgements of 
experts and non-experts are compared. 
- The amount of effort that a radiologists is prepared to spend 
on post-processing of images has a considerable effect on the 
quality of the images. This is related to the personal attitude 
of the radiologist, but also to viewing conditions and the user 
interface of the processing system. 

Based on the findings in the hospitals, some suggestions for 
improvement and topics for further study are mentioned in the 
final chapter. 



Contents 

1 Introduction 

2 Formation and processing of digital x-ray images 
2.1 General features of the DSI system 
2.2 Subtraction 

3 Experimental set-up 
3.1 Measurements 
3.2 The interviews 

4 Nieuwegein 
4.1 Examinations 
4.2 Differences between soft and hard copies 
4.3 Image quality 
4.4 Other considerations 

5 's Hertogenbosch 
5.1 Examinations 
5.2 Differences between soft and hard copies 
5.3 Image quality 

6 Drach ten 
6.1 Examinations 
6.2 Differences between soft and hard copies 
6.3 Image quality 
6.4 Ease of use 

7 Basel 
7.1 Examinations 
7.2 Differences between soft and hard copies 
7.3 Image quality 

8 London 
8.1 Examinations 
8.2 Differences between soft and hard copies 
8.3 Image quality 

9 General conclusiops and discussion 
9.1 Differences between soft and hard copies 
9.2 Quality vs. effort 
9.3 Contrast 
9.4 Brightness 
9.5 Sharpness vs. noise 
9.6 Judgement of experts vs. nonexperts 
9.7 Recommendations 

References 

Appendix 

1 

3 
3 
5 

8 
8 
8 

10 
10 
10 
11 
25 

30 
30 
30 
31 

37 
37 
38 
39 
46 

48 
48 
48 
49 

57 
57 
57 
59 

65 
65 
66 
67 
68 
68 
70 
71 

73 

74 



1. Introduction 

The goal of this study is to find the relations between various 
properties of medical images (like contrast, noise, and sharp
ness) and the perceived quality of such images. 
We especially concentrate on differences between an image as it 
is displayed on a monitor (a soft copy) and the same image on a 
sheet of film, hanging on a light box or alternator ( a hard 
copy). We are also interested in differences between quality 
judgements of different radiologists, and in differences between 
radiologists on the one hand and untrained observers on the other 
hand. 
This study is part of the PMSN/PRLE research project "Percep
tion of medical images", in which we study perceptual image 
quality for medical images. The final goal is to gain insight in 
the way in which all physical parameters of medical images are 
combined into an impression of quality, so that we know where and 
how further improvements in image quality can be achieved. 

In this report, we describe our findings in the radiology 
departments of five European hospitals. We have observed 
radiologists during the processing and reading of digital x-ray 
(DSI and DVI) images, and we have interviewed them on the subject 
of image quality. 
To find out how an expert, i.e., a radiologist, perceives the 
"quality" of an x-ray image, we have decided to ask the opinion 
of several radiologists, in several hospitals, about the images 
encountered in practice. We have asked them about aspects like 
sharpness, contrast, and noise in the image; but it turned out 
that radiologists have many more and sometimes quite unexpected 
criteria for the quality of an image. 
We have also asked the radiologists whether they saw any 
differences between the hard and soft copy of the same image. 
This was done because of earlier complaints by some radiologists 
saying that they "lost information" on the hard copy: details 
that were visible on the monitor became invisible when the image 
was printed. 

We describe the results of interviews held in the following 
hospitals: 

1) Nieuwegein, St. Antonius Hospital 
Radiologists: De Valois, Overtoom 
Date: 22.08.91 - 09.10.91 

2) 's Hertogenbosch, Willem Alexander Hospital 
Radiologist: Piers 
Date: 10.10.91 

3) Drachten, Nij Smellinghe Hospital 
Radiologist: De Bruin 
Date: 20.11.91 - 21.11.91 

4) Basel, Merian Iselin Spital 
Radiologists: Berchtold, Hedtler, Huber 
Date: 30.03.92 - 31.03.92 
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5) London, Hammersmith Hospital 
Radiologists: Cousins, Jackson 
Date: 16.06.92 - 17.06.92 

This selection of sites was made in consultation with the PMSN 
development and marketing departments, and was based on already 
existing contacts with the hospitals or radiologists involved; 
either because the hospitals were application sites, or because 
the radiologists were known to be critical where image quality 
is concerned. 

The next chapter will present a general introduction about the 
x-ray systems and the kind of images made with them in the five 
hospitals. Chapter 3 explains the set-up of the experiment and 
the interviewing technique used. In Chapters 4 through 8 we will 
describe our findings in each of the hospitals separately. In 
Chapter 9, we will summarize the results that appear to hold for 
all radiologists and all types of images taken into account in 
this study. Furthermore we will state some suggestions for 

l improvement and for further study. 
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2. Foraation and processing of digital x-ray iaages 

2.1. General features of the DSI system 

The hospitals in Nieuwegein and 's Hertogenbosch are so-called 
application sites of PMSN. This means that the radiology depart
ments in these hospitals dispose of one of the most recent types 
of DSI diagnostic x-ray systems: the Integris C2000. The Drachten 
and Basel hospitals dispose of older, commercially available OSI 
systems, and a DVI-S system is used in the London hospital. The 
DVI system is used only for vascular studies (digital subtraction 
angiography, see Section 2.2), and the DSI can be used for a 
wider class of examinations, including gastrointestinal studies. 
With each system, one can digitally record the absorption pattern 
that results from exposing a part of the patient's body to x
rays, in a 2-dimensional array of 512*512 or 1024*1024 (OSI only) 
pixels, containing 8 bit grey values. This image can be displayed 
on a monitor. In so-called "positive contrast" mode, radiopaque 
parts of the body (regions with relatively high x-ray attenua-

t tion: dense, and/or having a high mass attenuation coefficient) 
correspond to dark areas in the image and radiolucent parts 
appear light. The image is displayed in a circular window, with 
a black surrounding filling the rest of the screen. 
The settings of certain parameters of the x-ray tube and the rest 
of the image acquisition chain have an effect on the resulting 
image. Among other things, the number of x-ray quanta available 
for building up the image (x-ray tube voltage, exposure time) 
influences the contrast and the noise in the image. The contrast 
is further influenced by the collimator restricting the x-ray 
beam to a certain field. The smaller the collimator opening, the 
less scattered radiation there will be in the image plane, the 
less fogging and hence the more contrast in the image. 
The size of the focus influences spatial resolution (small focus 
means that the same x-ray beams are focussed on a smaller area 
of the body) and the number of pixels to which the image data is 
digitalized ( 512 2 or 1024 2

) also influences the resolution. 
Furthermore the contrast in the image can be controlled by the 
dose of radiopaque material administered to the patient (in the 
case of angiography, this is a liquid injected into a vein or 
artery; in gastrointestinal examinations, the material is brought 
into the alimentary canal via the mouth or the rectum). 
The images recorded during an examination are stored in computer 
memory. In this way, the radiologist can view the images on a 
monitor both during and after the examination. During the 
examination, he (or she) usually sees the images on a monitor 
near the table on which the patient is lying. After the examina
tion, he can review all images on a different monitor at the 
viewing console, to diagnose the case and to decide which images 
should be printed for the patient file. 
At this time, he still has the opportunity to alter the appear
ance of the images. Be may change brightness and·contrast of an 
image (similar to brightness and contrast setting on any CRT, but 
her6 the controls are digital instead of analog), and he may 
apply contour enhancement, that sharpens the edges in the image. 
On DSI systems, Brightness and contrast can each be adjusted in 
fifteen steps (1 • low, 15 • high brightness or contrast), and 
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contour enhancement can be adjusted in four steps, where 1 means 
no enhancement (slightly blurred image), and 4 is the maximum 
enhancement. It is also possible to create a negative image, in 
which dense (radiopaque) parts are light and less dense regions 
are dark. The DVI-S system has many more possibilities of post
processing, that will be described in Chapter 8. 
The radiologist can try to optimize the image by applying the 
above post-processing techniques. When he has found the optimum 
setting, he sends the image data to the laser imager (type Agfa). 
The imager translates the pixel value array into modulation of 
a laser beam moving over the photosensitive layer of the sheet. 
The patient data (name, date, numbers) are added in a corner of 
the image (this lay-out is slightly different for DVI). 
It is possible to fill a sheet with several images, e.g. in three 
rows of two or two images above each other. The radiologist can 
thus "edit" a sheet such that the lay-out and order of the images 
on the sheet is functionally logical. 

Some of the observed systems have extra features compared to 
other ones. Firstly, the hospitals in Nieuwegein, 's Hertogen
bosch and Basel dispose of a tape unit connected to the OSI 
memory, which enables the radiologist to store and retrieve 
images over a period of time. If an image is not saved on tape, 
then it is deleted from memory within a day (when the system is 
turned off) after which only the hard copy remains. In some cases 
it is even necessary to delete images during the day because of 
memory constraints: in Drachten, there is space for 128 images 
in resolution 512 2

, whereas there are about 8 patients per day 
and up to 20 images per patient. This makes it hard to compare 
soft and hard copies: before the hard copy is ready, the soft 
copy may have been al ready deleted, so direct comparison is 
impossible. 
In Nieuwegein, all images of a patient are saved on tape and they 
are available for about a week, before the same tape is used for 
another patient. In's Hertogenbosch and Basel, the possibility 
to save images is used only occasionally; mainly for especially 
interesting cases, demonstrations and maintenance purposes. 
The availability of a tape unit has another advantage: a test 
image can be loaded from tape, put on the screen and printed. By 
measuring luminances in several spots of the image, the luminance 
transfer characteristic of the monitor and the laser imager can 
be found. This is further explained in Chapter 3. 
A second difference lies in the availability of "electronic 
shuttering". Lead shutters are positioned before shooting an 
image to mask a part of the x-ray beam that would result in 
scattered radiation and overexposure of the body. This results 
in extremely underexposed, vertically or horizontally oriented 
segments in the circular image. See Figure 1. These segments 
appear very dark in the case of positive contrast, and bright if 
the contrast is negative. 
Sometimes the radiologist is not satisfied witn the placement 
of the shutters when he sees the recorded image. There may be 
overexposed (too bright) areas that do not contain any medical 
information, such that the image would have been more pleasing 
if these areas were covered by the shutters. If electronic 
shuttering is available, the radiologist may interactively move 
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(by keyboard control in DSI or by turning a knob in DVI) shutters 
over the image on the monitor, during the post-processing stage. 
These electronic shutters appear as black areas in the images: 
equally black as the circular background. 
Electronic shuttering is available in Nieuwegein, 's Hertogen
bosch and London. It is also possible in Basel, but is hardly 
ever used there because it must be explicitly selected before 
every examination, whereas it is a default feature in the three 
aforementioned hospitals. 

Figure 1: Appearance of shutters in an image (positive contrast). 

The third and most important difference between the five 
hospitals is the fact that the system in Drachten is the only one 
not supporting subtraction of images. This feature will be 
described in more detail in the next section. 

2.2. Subtraction 

Subtraction is a technique that is very useful in angiography, 
where the goal is to make blood vessels visible. The studies seen 
in Nieuwegein and London consist solely of these DSA (digital 
subtraction angiography) studies. This was also the main subject 
in Basel, in contrast to the gastrointestinal examinations that 
formed the primary topic in Drachten and 's Hertogenbosch. 
DSA examinations involve injecting an x-ray attenuating contrast 
liquid into a vessel (in this case, an artery) and shooting x
ray images before, during and after the contrast liquid has 
pasFed the point of interest (i.e., a part of the vessel further 
"downstream"). In this way runs of images can be made, in which 
the flow of the contrast liquid through a fixed part of the 
vessels is shown in subsequent images that are recorded at a rate 
of e.g. 1 image per second. Such a set of digital x-rays (called 
contrast images) is transformed into a run of subtraction images 
by selecting one of them as a "mask" (usually the first or second 
image in a run, where there is no contrast liquid in the vessels 
yet), and digitally subtracting the mask from a11·other contrast 
images. This subtraction is done in the following way. 
According to Lambert-Beer's law (cf. (1]), the intensity I of the 
radiation after attenuation through an object (the body) can be 
written as 
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I• 10 exp(-m d t) + n (1) 

where 
I 0 • intensity of the incident radiation 
m • mass attenuation coefficient (depending on the atomic number 

and on the radiation energy) 
d • density of the object 
t • thickness of the object 
n • quantum noise and scattered radiation components. 

The information is mainly contained in the coefficients m and d, 
since these represent the difference between body tissues and 
( in the case of angiography) the difference between contrast 
liquid and blood. 
Let I 1 and 1 2 be the radiation intensities in the mask and the 
contrast image, respectively, for a certain image pixel. The OSI 
or DVI system then computes the value x, 

( 2 ) 

where log• is a logarithmic function except for arguments between 
0 and 1, where log* is linear such that it is continuously 
differentiable in the point ( 1, 0) . Finally, the 8-bi t digital 
pixel value v in the subtraction image follows from a linear 
transformation of x, clipped at the boundaries: 

V-= 127 + gx 
0 
255 

if -127 <= gx < 127 
if gx < -127 
if gx >• 127. 

( 3 ) 

The factor g is called the subtraction gain and can be changed 
by the radiologist during post-processing. The digital value v 
is stored in the computer memory and can be displayed on the 
monitor. 
The resulting subtraction image has the following appearance. If 
the mask does not contain any contrast liquid (which is usually 
the case), the contrast image and the mask differ only in those 
regions where there is contrast liquid in the vessels in the 
contrast image. In those regions, I 2 will be less than I 1 (more 
attenuation has taken place through the dense contrast medium). 
Therefore v will be less than the mean value, 127. If the image 
is displayed in positive contrast mode, which is common practice 
in the hospitals considered, these areas will be relatively dark. 
In the remaining parts of the body (vessels without contrast 
liquid, bone, soft tissue, et cetera), the contrast image and the 
mask will be identical, except for some noise. If there is no 
noise, we have 12 • I 1 and hence v • 127 in those regions. They 
are displayed as a uniform region of medium grey value. Note that 
changing the gain factor g does not affect the brightness of the 
background; it only increases the contrast in the vessels. 
Noise is seen as speckles that are somewhat brighter or darker 
than the background. These are most noticeable if the radiation 
intensity is low, as can be seen from (1) and (2): then I 2 and 
I 1 consist mainly of noise, which is blown up by the logarithmic 
transformation (2). 
If the mask also contains contrast liquid, but in other regions 
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than the contrast image, the subtraction image will also contain 
areas that are brighter than the background, namely where the 
mask contains contrast but the contrast image does not. This can 
be useful to show differences in time: the bright regions where 
the contrast was at the time of the mask versus the dark regions 
where the contrast was at the time of the contrast image. This 
use of both bright and dark vessels was observed occasionally in 
Nieuwegein, Basel and London. 
All in all, a common subtraction image in positive contrast mode 
consists of a •tree" of darkly colored vessels on a medium grey, 
slightly noisy background the shape of a circular disk (possibly 
clipped by shutters) with a black surrounding. In inverted 
contrast, the vessels are white on a darker circular background, 
but the surrounding is still black. 

Subtraction can also be applied in gastrointestinal studies, e.g. 
to make swallowing movements visible. In this case, a run of 
images of the esophagus is recorded while the patient is swal
lowing contrast material. The subtracted images then display the 

( flow of the liquid through the upper part of the alimentary canal 
without showing the anatomy. This is done in 's Hertogenbosch. 
Different applications are used in Basel, like the imaging of 
salivary and other glands. 
The implementation of subtraction comes with another feature in 
the post-processing part of the system: the so-called pixel shift 
( not yet implemented in Basel). It is possible to vertically 
and/or horizontally shift a contrast image relative to the mask, 
in steps of one image pixel. This is useful if the patient has 
moved during the run: if the anatomy is not in exactly the same 
position in the two images, movement artefacts ( see Section 
4.3.7) may occur in the subtraction image. These artefacts can 
be canceled by shifting the contrast image over one or more 
pixels. This operation is frequently used, especially in 
Nieuwegein, and greatly influences the image quality. 
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3. Bxperiaental set-up 

3.1. Measurements 

We started with measuring some physical parameters of the viewing 
conditions in Nieuwegein. We measured viewing distances and image 
sizes for hard and soft copies; we measured the ambient luminance 
in the viewing rooms; and we measured the luminance transfer 
characteristics for both the hard copy and soft copy display 
systems. The results are shown in the appendix, together with the 
details of the measuring procedures. 
These measurements were done so that we could reconstruct the 
same viewing conditions for a later experiment, if necessary. We 
would have liked to measure the same parameters in the other 
hospitals as well, but since the test pattern used in Nieuwe
gein was not available in Drachten, we did not do so. At least 
the viewing conditions were similar in the three hospitals in 
that the monitors and laser imagers were of the same type, they 
were in a default setting, and the amount of ambient light in the 
viewing rooms for hard and soft copies was about the same 
(slightly dimmed) in all sites. 

3.2. The interviews 

For each of the radiologists participating in the experiment, we 
have witnessed the examinations of several patients. Of each 
patient, at least 10 x-ray images have been made (in the case 
of angiographic examinations, the number of images was usually 
much larger due to the subtraction runs: 100 images per patient 
was no exception), so that in total a few hundred images have 
been viewed and discussed in each hospital. We have witnessed the 
viewing of these images on the viewing console, possible post
processing done by the radiologist to improve the quality, the 
selection of images to be printed on hard copy, and finally the 
viewing of the hard copies on the light box. In each of these 
stages, we interviewed the radiologist. 
In some cases it was not possible to discuss all images on both 
soft and hard copy, e.g. because the hard copies had not yet been 
printed; or because we discussed especially interesting "old" 
hard copies, the soft copies of which were no longer available. 
The interviews have been recor.ded on tape, transcribed and 
analyzed with regard to the following aspects of image quality. 

During soft copy viewing and processing, we asked the radiolog
ist's judgement of the images in terms of contrast, sharpness, 
noise and image content. Initially we asked this for each image, 
but we soon found that many images of one patient gave similar 
judgements (especially with runs: most images in a run have the 
same characteristics). Therefore we switched to asking which of 
all images of the patient - or of all images within one run - had 
highest quality and which had lowest quality. When the radiolog
ist pointed out these best and worst images (usually he chose two 
or three high quality images and as many low quality images), we 
asked him for the reasons of his choice. We asked his opinion on 
c~ntrast, noise, et cetera, for each of the selected images. 
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During the first few sessions, we also asked him to express the 
quality of this image in a nu~ber from 1 to 10 (the Dutch system 
for school grades). There was very little variation in this: high 
quality images were often rated "9" and low quality ones "6". 
Since this gave very little information and radiologists seemed 
to be ill at ease with this, the rating approach was discarded 
in later sessions. 
When the radiologist selected certain images for printing, we 
asked why he selected those images and why other images were 
discarded. 
Apart from this, we also asked many ad hoc questions; for 
instance when the radiologist was post-processing an image, we 
asked him for his reasons. In the course of the interviews, some 
remarks of radiologists occurred frequently (e.g. about the 
brightness of the background in subtraction images), which gave 
rise to more questions along that line. 
Since we were interested in differences between soft and hard 
copies, we also asked the radiologist whether he expected that 
any of the images would look different on hard copy (judging from 
the soft copy only). If so, we asked for which images this would 
be the case and what the difference would be. 

During viewing of the hard copies, we again asked the radiologist 
to point out the images with highest and lowest quality, we asked 
what the reasons for this selection were, and whether he saw any 
differences with the previously viewed soft copies. In this part 
of the interview we mainly wanted to compare the radiologist's 
judgements and remarks for the soft copy images to those for the 
hard copies. We were especially interested in the cases where the 
radiologist had predicted differences between soft and hard 
copies, whether or not these predictions had come true. However, 
at this stage we also found aspects of image quality that related 
only to hard copies: about the lay-out of a hard copy sheet, the 
density of the black background in between images, and the way 
textual data was represented on the sheet. 

As a final remark in this seciion, it should be noted there are 
two types of image quality: performance oriented ( "Can I see 
enough of the medical details to diagnose the case?") and 
aesthetically/cosmetically oriented ( "Is the image visually 
pleasing?"). We expected this before we started the interviews. 
Therefore we were able to take this into account when asking 
about "image quality". During the interviews, the radiologists 
used terms like "good enough" and "adequate for this purpose" on 
the one hand, and "beautiful" or "ugly" on the other hand. This 
indeed shows that there is such a difference. By directing our 
questions to this difference in.the two notions of quality, we 
could usually determine which type of quality the radiologist had 
in mind when he gave his judgements. 
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4. Hieuwegein 

4.1. Examinations 

In Nieuwegein, we witnessed eleven intra-arterial examinations 
in total: six for dr. De Valois (in the sequel denoted by "V.") 
and five for drs. Overtoom (denoted "O."). Each of these studies 
involved digital subtraction angiography (DSA). More specifical
ly, the examinations done by V. were one aortic arch, one leg, 
and four cerebral diagnostic examinations. o. was interviewed 
during one mesenteric study (arteries in the intestine area), two 
cerebral diagnostic examinations and two PTA' s (percutaneous 
transluminal angioplasty: dilatation of an artery by inflation 
of a balloon inserted via a catheter) in the legs. 
In the following sections, we discuss the results of the inter
views. First we treat differences between soft and hard copies, 
and then we treat several aspects of image quality as such. 

( 4.2. Differences between soft and hard copies 

In our experiments, it hardly ever occurred that the radiologists 
noted differences between soft and hard copies of an image. 
o. never expected nor saw any differences. On a few occasions 
when v. was viewing a soft copy, he expected to lose information 
on the hard copy. In the preparation of the experiment, we wit
nessed a study in which there were calcifications in a blood 
vessel. v. saw these on the monitor, but he announced that he 
would probably not see them on the hard copy. Unfortunately we 
were·unable to verify this as the hard copy was not available. 
During the actual interview sessions, something similar happened 
on two occasions. In one of the cerebral examinations, V. saw 
some very thin and low-contrast blood vessels in the brain on a 
soft copy image and he expected that these would not be visible 
on the hard copy. After careful comparison of the image on the 
two modalities, he admitted that the vessels were still visible. 
Still he had the feeling that the hard copy "looked different" 
from the soft copy and he tried to pinpoint the difference by 
comparing other parts of the images. In a darker part of the 
image, where two contrast-filled vessels crossed each other, he 
thought to see the crossing less clearly on the hard copy. Again, 
he had to unsay this after going back to the monitor. 
The second occasion also involved thin, low-contrast vessels: 
some collateral vessels around a giant aneurism. v. expected that 
they would be less well distinguishable on the hard copy, when 
he saw this image on the monitor. It turned out, however, that 
there was no difference in the visibility of these vessels. 
On a third occasion during an interview, he mentioned that some 
hard copies had come out of the laser imager, earlier in the day, 
that looked somewhat darker than he had expected from the soft 
copy. This darkness mainly applies to the background, in a 
subtraction image; see Section 4.3.3. Although both the hard and 
soft copy were still available, we were not able to check this. 
This was due to the fact that a soft copy can be changed (by 
postprocessing) after it has been printed. Hence the setting of 
brightness and contrast of the soft copy at that moment could 
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be different from the setting it had at the time of printing. 
Unfortunately, v. could not remember with certainty whether he 
had correctly adjusted the brightness of the soft copy image 
before printing. 

Summarizing: in Nieuwegein, we could find no evidence for infor
mation loss or any other substantial perceptual differences 
between the hard copy and soft copy of the same X-ray image. 

4.3. Image quality 

The radiologists' opinion about image quality, both for hard and 
soft·copies, appeared to depend on several aspects of the image. 
These can be categorized as follows: 
- the type of examination 
- information content 
- brightness of the background 
- contrast 

( - sharpness 
- noise 
- movement artefacts 
- saturation 
- landmarks 
- presentation. 

·These categories are explained and discussed in more detail in 
the following subsections. The remarks in these sections hold 
for both V. and o., unless explicitly stated otherwise. 
It will be useful to distinguish between cosmetic and performance 
oriented quality, as mentioned in Section 3.2. At first, both 
radiologists claimed only to be interested in the second type of 
quality, and spoke slightingly of cosmetics as "just a matter of 
taste". During the experiment, however, it turned out that they 
were very concerned with the cosmetic appearance of images. The 
next-sections will show that most of the above mentioned aspects 
affect both the performance and cosmetic notion of quality. 

4.3.1. The type of examination 
It makes a difference whether the radiologist wants to see subtle 
flow abnormalities in thin vessels in the brain or a stenosis 
(narrowing) in the upper part of the leg. Because of this, the 
acquisition of the image data is done with different parameters 
for the two types of examination. For the brain, the radiologist 
cannot inject too much contrast liquid because of the patient 
risk. On the other hand, he would like to have a lot of contrast 
because it has to spread to very thin vessels. Generally he 
compensates for this by using a high x-ray dose and small focus, 
and by digitalizing the image in 1024 2 pixels instead of 5122

• 

For the leg, on the other hand, he may inject a higher dose of 
contrast, use a lower x-ray dose, large focus and 512 2 pixels, 
and still get an image of sufficient quality. At the same time, 
the radiologist shifts his criteria for what he finds "sufficient 
quality": for the latter type of examination, he does not need 
to see very fine, low contrast detail. Therefore, if he does not 
see such detail, he may not complain about the quality, though 
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he would complain if the same imaging parameters were used for 
cerebral vessels. This has to do with performance based quality: 
if the case can be diagnosed, the quality is good enough. 
A similar shifting of criteria takes place in the acceptability 
of noise. In a lateral (side view) image of an abdomen, relative
ly much noise may occur because the x-rays have to pass through 
thick layers of soft tissue. This noise may be acceptable to the 
radiologist, although he would find the same noise very annoying 
in an image of a thinner part of the anatomy. Note that in both 
cases, the noise does not have to be that bad that it hampers the 
diagnosis - it usually isn't. Therefore such a quality judgement 
is mainly influenced by considerations of cosmetics. 

4.3.2. Information content 
This topic is related to the above: the quality of an image is 
high if the radiologist sees the vessels he wants to see and can 
judge the abnormalities. This of course strongly depends on the 
type of examination, since large vessels in a thin part of the 
body are easier to see than small vessels in a thick part. 
However, even for a fixed type of images - e.g. cerebral - there 
are many differences in information content and hence in quality. 
If a radiologist is looking for a stenosis in a certain vessel 
(based on clinical information or on earlier images, say), then 
he will say that the image quality is high if that stenosis is 
clearly visible; the quality is lower if the stenosis is hidden 
from view by other vessels due to the projection. 
Another aspect of information content is the fact that an image 
may have high quality in a certain area and low quality in the 
rest of the image. This happens if the radiologist wants to see 
thin vessels having low contrast while there are also thicker 
vessels in the same image in which he is not interested. Then he 
will adjust the contrast setting such that the thin vessels have 
reasonably high contrast, even if the thick vessels turn much too 
black and no grey tones can be distinguished in that part of the 
image. We have observed this many times during our experiments; 
also in other hospitals, as shown in the next chapters. 
Another form of n1ocal quality" is that locally, there may be 
annoying movement artefacts (Section 4.3.7) in the background; 
still, if this does not interfere with the interesting part of 
the image, the (diagnostic) quality may be judged relatively 
high. A clear example of this was observed in O.'s mesenteric 
study. There was severe intestine movement in one image, but it 
occurred in a "harmless" region, since the important detail was 
a stenosis in the mesenteric inferior artery much higher up in 
the image. Bence the diagnostic quality was not spoiled by the 
movement artefact and it was in fact quite high. o. rated the 
quality of this image as 6, but he admitted that it would have 
been 10 if the movement artefact had not been there. 

4.3.3. Brightness of the background 
An important aspect of (mainly cosmetic) quality turned out to 
be the appearance of the background in subtraction images. As 
explained in Section 2.2, the background of a subtraction image 
should be a smooth, medium grey area. The two radiologists always 
set the brightness control higher than average (usually about 11, 
on a scale of 15), for images in positive contrast mode, because 
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they preferred a bright background. 
Due to noise, movement, and parameter settings, the background 
is not always smooth. In all cases where the background was 
"greiny" or contaminated with artefacts, or if the background was 
a little darker than usual, the radiologists judged the quality 
considerably lower than for a smooth, bright background. 
Although v. and o. agreed that a bright background is only a 
matter of personal preference and has nothing to do with "real" 
(performance oriented!) image quality, they had exactly the same, 
remarkably strong, opinion on this aspect of quality. (The fact 
that they have the same opinion may not be too surprising since 
they are in the same department; however, this agreement was far 
less pronounced in some other quality aspects.) 

The radiologists usually adjusted the brightness and contrast 
settings at the console in such a way that the background of the 
subtraction image would be sufficiently bright on the hard copy. 
The brightness of the background was especially important on hard 
copies; in fact, it was the first thing they looked at when asked 
about quality. It was important for them that the backgrounds of 
all images of one patient were equally bright. They checked this 
by putting all images of a patient next to each other on a light 
box. If some backgrounds were darker than others, they found the 
total impression less harmonic. In that case, the low quality 
images were always the ones with the darker background - never 
the brighter ones. In other words, if the radiologists have a 
notion of "optimum brightness" of the background of subtraction 
images, they may adjust the brightness too low compared to this 
optimum, but never too high. 
This could also be seen during the post-processing of the images. 
If the radiologist was in doubt whether the background was bright 
enough, he would increase the brightness with one step at a time. 
There was always a point where the brightness was suddenly "too 
much": the background was much too bright to his liking, although 
in the previous steps the brightness increased only slowly and 
the result was quite acceptable for the radiologist. 

It should be noted that the judgements of background brightness 
were the same for soft and hard copies, i.e., if a radiologist 
processed a soft copy such that he judged the background bright
ness as optimum and then printed the image, the brightness of the 
background in the hard copy would also be judged as optimum. This 
implies that there was good one-to-one correspondence between the 
two modalities, at least in thii respect. 

Although brightness of the background seems to be an exclusively 
cosmetic criterion for quality, it is related to the information 
content of the image. Indeed, in certain examinations noise or 
movEment artefacts are inevitable, and these may account for a 
background that is darker than the radiologist likes. In some 
cases he cannot compensate for this with the brightness setting 
because he would lose valuable information in other parts of the 
image. 
It is also possible that darkness of the background contains 
information in itself. This happens e.g. in cerebral images, when 
the contrast liquid passes through the capillary phase. Here, 

13 



individual vessels cannot be distinguished: the contrast spreads 
in a grey haze and the image looks "veiled". When the radiologist 
sees this darker image in a run, he knows that it represents the 
capillary phase and is not troubled by the darker background. In 
that case, it does not lead to a low quality judgement. 

4.3.4. Contrast 
As in the case of background brightness, the two radiologists had 
very similar opinions about optimum contrast and the effect of 
contrast on image quality. In these DSA studies, contrast is a 
parameter having mainly to do with performance oriented quality. 
For the DSA studies encountered in the interview sessions, the 
radiologist usually needed to judge the condition of the wall of 
a vessel. This was impossible if the vessel was represented as 
a solid black $treak. The radiologists therefore tried to adjust 
the contrast in such a way that they could distinguish grey tones 
in the vessel. In fact, they usually set the contrast such that 
they perceived as many grey tones as possible, to optimally see 
any irregularities in the vascular wall or in the flow of the 
contrast liquid. This was especially important when two or more 
vessels crossed each other, giving rise to even darker parts in 
the image. There the radiologists wanted to "see through" the 
vessels: see each vessel wall independently in the crossing part. 
They referred to this as transparency of they vessels. 
Apart from this, they liked the vessels to stand out from the 
background, which implies that the vessels must look sufficiently 
dark. This is a consideration of somewhat more cosmetic nature. 
The transparency of vessels appears to be a very clear criterion 
for the optimum contrast in an image, in the sense that v. and 
o. never had any trouble to determine this optimum by adjusting 
brightness and contrast settings. Unfortunately this criterion 
coul~ not always be combined with the "sufficiently dark" demand. 
On &ome occasions there was just too little contrast liquid in 
the arteries. A sufficiently dark representation of the vessels 
would then result in either too much noise (noise is enhanced 
when the contrast is set too high) or in a darker impression of 
the total image (when brightness is set too low). In such a case, 
the radiologist would only use the transparency criterion to find 
the optimum setting, and settle for the lighter vessels. Stated 
differently: performance would prevail over cosmetics. However, 
the quality judgement for such an image would be significantly 
lower than for an image with sufficiently dark vessels. 
As mentioned in section 4.3.2, optimum contrast may only apply 
to part of the image. v. and o. always adjusted the contrast such 
that the important part of the vessels would be transparent and 
dark enough, even though the rest of the image would become too 
dark or too light. Again, the radiologist would admit that the 
overall quality was relatively low for such an image. 

Although contrast manipulation was often used by the radiologists 
and they felt that it greatly helped them to get a clear view of 
the condition of the vessels, it must be noted that the changing 
of contrast also has its disadvantages. This was remarked by v. 
during one interview. It is possible to manipulate a DSA image 
in such a way that a certain vessel looks fairly dark, implying 
that there is a sufficient amount of blood flowing through it 
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when in fact this may not be the case. Therefore it is important 
to check the appearance of the contrast in a vessel against the 
look of other vessels in the same image ("there is relatively 
little blood in vessel x"), and - even more important - against 
other images, in other projections, of the same area. (This is 
vital for interventions (PTA), where images before and after the 
PTA must be compared to check whether the situation improved.) 
The diameter of a vessel is another clue to the amount of con
trast that should be present in a non-pathological case. 
In the examinations covered in this report, the two radiologists 
never seemed to have any doubt about the interpretation of 
contrast in vessels: they were always able to distinguish between 
the effect of contrast setting and "true" medical information. 

Apart from wrong contrast setting, there are other causes for 
possible misinterpretation of the amount of contrast in a vessel. 
In the Nieuwegein experiment, we have witnessed three examples 
of this. In each case, a vessel contained too little contrast 
compared to the ordinary, "healthy" situation. In the first case 
the reason for this was that there was a catheter introduction 
lying in the vessel. This introduction was not used for that run 
of images: the contrast liquid entered the vessel via a second 
introduction. Hence the introduction in the vessel was just a 
hollow, empty tube without contrast liquid flowing through it. 
The injected contrast could not occupy this part of the vessel, 
such that the vessel showed too little contrast although there 
was nothing wrong with it. Of course the radiologist (O.) knew 
about the introduction in the vessel - which, incidentally, could 
be seen in the image as a thin dark line alongside the vessel 
wall - so that there was no actual danger of misinterpretation. 
However, the danger is more real if the image is to be judged by 
another physician not knowing about the second catheter. Because 
of this, o. thought it safer not to print this image, but to 
select another image in which the same information was visible 
without the misleading phenomenon. 
The other cases of a vessel having not enough contrast occurred 
just after a junction of two vessels (see Figure 2). 

Figure 2: Schematic representation of a vessel junction. Contrast 
(hatched) entering through one of the branches. 

In this situation, two vessels join into one, and the resulting 
vessel shows less contrast than might be expected in view of its 
width. This is because the contrast liquid is injected via just 
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one ·of the J01n1ng vessels, whereas the other joining vessel 
contains blood without contrast. Now there are two possibilities, 
both of which have been observed during the experiment. 
In the resulting vessel, the two streams can mix such that it 
looks like an ordinary blood stream containing half the concen
tration of contrast liquid compared to the contrast before the 
junction. If this happens, it may be mistaken for an obstruction 
in the contrast-filled vessel at the junction (if the radiologist 
does not realize that there is a second vessel without contrast 
that is joining the first one). 
The other possibility is that the resulting vessel shows the 
effect of "layering". This means that the two blood streams do 
not mix in the first part of the joint vessel, but can be told 
apart as lighter and darker layers (with and without contrast). 
This is easier to recognize than the case of mixed streams and 
thus the probability of misinterpretation is lower, but layering 
does have a negative effect on the cosmetic image quality. The 
performance oriented quality is not affected, if the radiologist 
combines the image information with his anatomical knowledge. 

4.3.5. Sharpness 
Unlike the previous quality aspects, we did notice a difference 
in opinion between the radiologists where sharpness is involved. 
First of all, the most commonly used setting of the contour 
enhancement on the viewing con$ole was different for the two 
radiologists. v. generally used a setting of 2, whereas o. mainly 
used setting 3 (on a scale of 4). If they wanted to see small 
details with low contrast (mostly in cerebral images), they 
increased the contour enhancement setting by one step; but during 
the experiment, o. did this more often than v. 
Since increasing the enhancement also increases the noise, the 
radiologists had to deal with a trade-off between sharpness (a 
wanted effect) and noise (unwanted). The fact that they thought 
differently about this trade-off is best illustrated by the 
following excerpt of the interviews (translated from Dutch). 
A case where O. used high contour enhancement in a noisy image: 
(interviewer) "What do you think of the sharpness?" 
(O.) "For this purpose? Fantastic." 
(i.) "But isn't the noise disturbing?" 
(0.) "No, that never bothers me." 

A case where v. set contour enhancement to 2 on an aortic arch 
image containing noise and movement in the background: 
(int,rviewer) "This image seems unsharp, don't you think?" 
(V.) "Oh, but that's O.K. with me." 
(V. tries increasing the contour enhancement) 
(V.) "No .•• this only makes [the background] worse." 

We also noted that o. mentioned sharpness more often as a reason 
for the high quality of an image. In the mesenteric examination, 
he compared the OSI hard copies to some cassette images of the 
same patient. Cassette images are "old-fashioned" radiographs 
produced on photographic film by direct x-ray exposure. In this 
case, the cassette images showed a non-subtractive angiogram of 
the same region as in the OSI images. When comparing the two, o. 
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stressed the fact that the cassette images were far less sharp 
than the OSI images, which was one of the reasons that the 
cassette images had much lower quality in his opinion. 
A further indication of the importance of sharfness is the use 
of digitalization in 10242 pixels instead of 512. There was very 
little difference in the use of high resolution between the 
radjologists, because this was mainly used in cerebral studies 
where high resolution was a default setting. High resolution was 
used for cerebral studies because there the radiologists needed 
to see thinner vessels than in the rest of the body. The use of 
1024 2 pixels is said to have a positive effect on sharpness, 
although we may doubt this in view of our interviews. 
During one interview - a cerebral examination - o. pointed out 
a (soft copy) image which was not sharp enough in his opinion, 
even though the contour enhancement was set to 3. "This would 
have been much better in 1024 2

", he said, implying that the 
unsharpness was due to the 512 2 resolution of the image. However, 
close inspection showed that the image concerned was in fact a 
1024 2 image! The radiologist could only be convinced of this by 

l pointing out the smoothness of the surrounding circle of the 
image: in the near-horizontal and near-vertical parts of the 
circle, only very small steps were visible (compared to the much 
more jagged border of a circle digitalized in 512 2 pixels). o. 
suggested that his mistake was due to the fact that a large focus 
had been used during the acquisition, whereas a small focus had 
been intended (which would have given greater sharpness). This 
hypothesis could not be checked as the focus used was unknown. 
It happened a few more times during the experiment that the 
radiplogist was not able to judge the number of pixels from the 
appearance of the image. In the mesenteric study, similar images 
were made in both resolutions and the radiologist could only tell 
the difference by comparing the jaggedness of the border. 
We conclude that sharpness is an important criterion for quality, 
especially for the visibility of thin cerebral vessels, but this 
sharpness is hardly affected by the number of pixels into which 
the image is digitalized. The post-processing possibility of 
contour enhancement plays a greater part, but the importance of 
this depends on the personal preference of the radiologist. 

4.3.6. Noise 
The amount of noise in an image is determined by the number of 
quanta that form the image. If the x-ray dose is low, there will 
be relatively much noise compared to the signal (the luminance 
contrasts that form the medical information), making it harder 
to see relevant details. Hence noise can influence the diagnostic 
quality of an image; examples of this have been observed in the 
experiment and will be described below. 
In the case of subtraction images, noise is even more perceptible 
in the regions where the attenuation is large, because of the 
transformations involved in computing the subtracted image. This 
follows from the discussion in Section 2.2. · 
The. 'perception of noise is als.o related to the contrast and 
sharpness settings applied to the image. If the contrast is 
increased by post-processing the image, the noise is more visible 
because this is "blown up" together with the information. Note 
that this has no effect on visibility of details, but only on 
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cosmetic quality. Increasing the sharpness also increases the 
visibility of noise, as application of the sharpening filter 
(using contour enhancement) sharpens the noise as well. 
The above mentioned effects explain the lion's share of the way 
in which noise was perceived by v. and o. in the interviews, and 
how this affected their judgement of image quality. 
We have witnessed a few cases in which the part of the body 
through which the x-rays had to pass was very dense and/or thick, 
so that the radiation was much attenuated. This resulted in an 
increased amount of noise, especially in the case of subtraction 
images. An example of this was a lateral projection of a shoulder 
in V.'s aortic arch examination. Here the shoulder was very thick 
(the;x-rays passed through the width of the body, from shoulder 
to shoulder), which resulted in a very noisy image. The noise 
masked an important detail in the carotid artery, which could 
only be seen in another run, in a different projection. In the 
same image there were many movement artefacts, .such that both the 
diagnostic and the cosmetic quality of this image was extremely 
low. It appears that this type of images is notoriously difficult 
to record, since o. had also told us about the lateral shoulder 
and neck as an example of images in which noise could hamper the 
diagnosis. Here the problem lies in the fact that there are very 
thick (shoulder) and thin (neck) parts in one image. The exposure 
is computed for the average attenuation in the field of the 
image, which is too low for the thick shoulder part. 
An example of noise arising from very dense matter was seen in 
one of V.'s examinations, in the petrous part of the temporal 
bone. The noise in this (dense) region was so bad that any vessel 
lying in this part of the image would have been obscured by the 
noise. In this image, the projection was such that this did not 
matter from a diagnostic point of view; but v. mentioned that 
this does cause a problem in certain cases. Consequently v. feels 
that this type of noise lowers the cosmetic image quality, and 
in some cases also the performance-oriented quality. 
In another cerebral examination, of o., a similar observation 
could be made where the radiation had to pass through the base 
of the skull, which is a very thick part. Here the resulting 
noise did mask part of the contrast in the vessels. In the 
subtracted image, this looked like a part of a vessel had much 
less contrast than the remaining part of the same vessel. The 
untrained eye would expect that there was something wrong with 
the vessel, since the base of the skull did not show in the 
subtracted images and hence the reason of the decreased contrast 
was not immediately clear. However, the region with decreased 
contrast also contained more noise than the rest of the image. 
This was a clue for the presence of the skull base, if the 
radiologist had not already gathered this from the placement of 
the vessels. Hence in this case the noise contained information 
about the location of the base of the skull: the noise had some 
use and was not considered as very annoying. Of course o. would 
have been more happy if there was no noise in this area such that 
the contrast in the vessels would not be decreased, but he seemed 
to acquiesce in the noise. 
The above observations again show the different attitude of the 
two radiologists towards noise. V. generally feels that noise 
is unwanted, and that it is better to blur an image slightly (low 
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contour enhancement) such that noise is less annoying at the cost 
of sharpness. o., on the other hand, accepts the increased per
ceptibility of noise that goes with better sharpness of his 
images (high enhancement) which he finds more important. 

Another aspect of noise is closely related to the brightness of 
the background. Subtraction images that contain more noise also 
appear to have a darker background in many cases. It is not clear 
what causes this darkening, at least if it is assumed that the 
dynamic part of the noise pattern in the mask and in the contrast 
image are independent. (Note that there is also a static noise 
component, e.g. due to spatial noise in the image intensifying 
system; this is cancelled in subtraction images. The temporal 
noise in the contrast images causes the noise in subtraction 
images.) Since the noise makes the background less bright, it 
lowers the quality, as we have seen in Section 4.3.3. 
The situation is even worse if pixel shift is used. Shifting one 
image relative to another means that noise pixels that were 
identical for both images (static noise component) are now in 
different positions and do net cancel anymore in the subtracted 
image. Hence the noise in the subtracted image increases even 
further. Because of this, pixel shifting is not always helpful: 
although it reduces movement artefacts, it introduces noise and 
a dark background (see Section 4.3.7). 

4.3.7. Movement artefacts 
In this section we describe how movement artefacts (and other, 
related artefacts) influence the quality of an image. A movement 
artefact can only occur in subtracted images, since it arises as 
the difference of contrast image and mask in a region where the 
anatomy has moved over a (usually quite small) distance in the 
time between the two exposures. If, for instance, a femur has 
moved sideways during the recording of a run, then there will 
be a thin white "shadow" line visible along one side of the 
femur, and a thin black line along the other side. These lines 
are very conspicuous, even if they are just one or two pixels 
wide. The white line is more conspicuous than the black one; 
possibly because in subtraction images as used in Nieuwegein, 
there are seldom regions that are brighter than the background. 
The movement shadow lines are a common phenomenon in subtraction 
imaging, even if the patient is given instructions (lying still, 
holaing his breath). we have seen many examples of this. 
In some cases the movement artefact may corrupt the information 
about the arteries, namely if the vessel itself is lying close 
(in projection) to the side of the bone which has moved. We have 
seen an example of this in V.'s leg study, where the contrast in 
the artery was completely covered by the line of the movement 
artefact. It seemed as if there was no contrast in the vessel at 
all. When v. switched to the non-subtracted contrast image, the 
dark contrast-filled artery was clearly visible. After returning 
to the subtracted image, v. applied a horizontal p'ixel shift over 
a few pixels. The result was that the bright and dark artefact 
lines almost completely disappeared, and that the contrast in the 
artery was easy to perceive. The quality of the image increased 
enormously by this: before pixel shifting, it was diagnostically 
useless and the artefacts were considered "ugly" (both types of 
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quality were low); afterwards it.was an image of high diagnostic 
and cosmetic quality. 
In other, more frequent, cases, the movement artefact does not 
cortupt the information but is just considered ugly, disturbing 
or diverting: low cosmetic quality. The most illustrative example 
of this has already been described in Section 4.3.2: the image 
with intestine movement in a "harmless" region. In such cases 
where only the appreciative quality is affected, the radiologist 
will also try to get rid of the artefacts by pixel shifting. 
Unfortunately, pixel shifting does not always help to diminish 
movement artefacts; and if it does, the shifting may have side 
effects that are worse than the movement artefacts themselves. 
Pixel shifting does not work if the movement is not a true shift 
(e.g. a rotation or some nonlinear displacement), since pixel 
shift can only compensate in horizontal and vertical directions. 
As an example, the intestine movements described above could not 
be repaired with pixel shift due to the projection of different 
parts of the intestines over each other, each moving in different 
directions. Another example is a lateral head image in one of 
O.'s examinations, where the patient had nodded "yes" during the 
run. The resulting rotation in the jaw bone was clearly visible 
in the image and could not be cancelled with pixel shift. 
The negative side effects of pixel shifting have already been 
described in the previous section: noise is enhanced in the 
background, making the image darker. It is also obvious that if 
there is local movement in the image, pixel shifting may improve 
this part of the image but at the same time it may introduce 
movement artefacts in other parts of the image which were all 
right before the pixel shift. In that case the remedy is worse 
than the disease. Especially if the displacement is relatively 
large (e.g. if the patient takes a deep breath during the run), 
pixel shifting is likely to make the situation worse. In most of 
the cases where this occurred in the experiment, the radiologists 
decided not to use pixel shift but either to accept the movement 
artefacts (if they did not corrupt information) or to use the 
non-subtracted image instead. A third possibility, remasking 
(choosing another mask to be subtracted from all contrast images 
in the run), was used only occasionally. We have observed a 
slight preference of v. for the non-subtracted image in the case 
of non-pixel-shiftable movement, whereas o. usually preferred 
to look at the subtracted image with the artefacts. V.'s argument 
to use non-subtracted images was the fact that you can "see where 
you are" in such an image: the anatomy (bony part) shows whether 
a leg or a neck is imaged, which might not be obvious from the 
vessels alone. This is especially useful if one is not used to 
looking at subtraction images (as some of the physicians for whom 
the images are made). For this reason, the mask is usually 
printed on hard copy together with the subtraction images of that 
run. Another possibility that V. used in one case is purposefully 
pixel shifting if there is no movement in the image. The shift 
introduces thin contours of bones.: a shadowy image of the anatomy 
not interfering with the contrast of the vessels. This trick can 
only be used if the movement artefact introduced in this way does 
not cover any information. v. used this to show the location of 
a hemangioma (blood vessel tumor) by marking it with two crossing 
needles on the skin. With pixel shift, the cross was made visible 
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on the subtraction images so that its location could be related 
to the vessels. Obviously, the movement artefact increased the 
(diagnostic) image quality in this case. 

Another type of artefact that we ·have observed in the experiment 
should be mentioned in this section because its annoyance depends 
on movement. One of the patients in the cerebral examinations had 
many jackets, which were very conspicuous in the non-subtractive 
images of the jaw area because of the metal they contained. 
Virtually no radiation came through the jackets, so that they 
could be seen as small dark patches of irregular shape. They 
completely masked any contrast in the vessels that might be lying 
underneath in this projection: no difference in attenuation could 
be recorded there because of the low intensity ("underexposure"). 
For the subtraction images, this meant that there was no contrast 
visible in the parts where the jackets were: just bright patches 
looking exactly like the background. It appeared as if the 
contrast flow in the artery was suddenly cut off (when it reached 
the invisible jacket), to start again a few millimeters further 
on. An untrained person could think that there was a severe 
constriction in the vessel. In fact, during the examination of 
this patient, even the radiological assistant (having several 
years of experience of looking at subtracted and other x-ray 
images) remarked that this must be a stenosis. Only when the 
radiologist (V.) switched to the non-subtracted image, the 
assistant saw her mistake. v. showed the contours of the jackets 
in the subtracted images, by deliberately introducing movement 
(pixel shifting) over a distance of one pixel. This did not bring 
back the information about the vessel in this region - the vessel 
contrast was not recorded due to the underexposure - but at least 
it showed the reason why there was no contrast visible in these 
part~ of the skull. Although the cosmetic quality was lowered by 
this introduction of movement contours, the diagnostic quality 
increased slightly, because it reduced the danger of mistaking 
the missing contrast for a sten0sis. 

4.3.8. Saturation 
A problem similar to the jackets masking information as described 
in the previous section is the so-called saturation problem. In 
the case of the metal jackets, the non-subtractive image was too 
dark, both in the mask and in the contrast image, such that the 
information was lost; in the case of saturation, the mask and the 
contrast image are both too bright. This can happen if part of 
an image is overexposed, e.g. if there are both very dense and 
much less dense regions in one image. The already mentioned case 
of a lateral shoulder and neck is an example of this. In the 
experiment, we have seen cases of saturation in a foot (where 
very thin, low-contrast vessels were lying close to the skin of 
tne heel) and in a frontal image of the skull close to one of the 
ears (the hemangioma case in Section 4.3.7). 
A saturation artefact shows up as a uniform area with the same 
brightness as the background, usually situated in the background 
near the border of the image. It can be distinguished from the 
back~rounJ because it does not contain noise: the image data for 
the overexposed part of the body is completely the same in the 
mask and the contrast image. Since the rest of the background 
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usually does contain some noise, it is not very difficult to 
recognize saturation artefacts. The difference with artefacts 
arising from e.g. jackets is the fact that saturated areas do not 
have clear borders, and pixel shifting does not have any effect 
on them. Note that there is nothing the radiologist can do about 
saturation; it occurs in the exposure of the mask and the 
contrast image, and post-processing cannot change it. 

If saturation arises in an unimportant region of the image (as 
said, it usually occurs near the border where the thinner parts 
of the anatomy are), it affects the image quality only slightly. 
The diagnose is not hampered by it; it just makes the image a 
little less attractive. The situation is different if the 
saturated areas are important for the diagnosis. This was the 
case with the hemangioma located close to the ear, where the 
radiologist wanted to see whether there were any vessels feeding 
the tumor. In the frontal images, there was a large saturation 
artefact along the side of the head where the hemangioma was, 
which completely covered the ea, and the bump of the hemangioma 
(which was quite large and should have been visible on the skin 
in the image). Here, the artefact was even worse than in the 
common case of saturation, since there were contours of different 
shades of light grey visible in it. Although these contours were 
nothing but saturation (and quantization) artefacts, they looked 
like the contour of the bump that the radiologist had expected 
to see. The true nature of this misleading phenomenon could only 
be seen in the non-subtracted images. These showed a very bright 
spot in the region of the "bump", indicating overexposure. The 
quality of the images in which this large artefact was visible 
was of course very low according to the radiologist (V.). 
The case of the heel was less dramatic, since there was only a 
small saturation artefact which did not cover the contrast in the 
vessels. V. did not find it very disturbing and it did not have 
a large effect on the quality of the image. We should remark, 
however, that the fact that a saturation artefact is small does 
not necessarily mean that there is less harm in it than in a 
large artefact. Since saturated areas contain no noise, they can 
easily be recognized if they are large enough to see the absence 
of·u~ise. If the radiologist observes this, then he is warned 
that overexposure has occurrect and that information may be lost. 
In the case where a saturation artefact is small, the observer 
may not notice that it contains less noise than the background. 
If such a small saturated area covers a contrast-filled vessel, 
the resulting lack of contrast may be misinterpreted if the 
radiologist is not aware of the saturation. Fortunately, this is 
not a likely situation to occur. Furthermore, the mask is usually 
printed as well as the subtraction images, such that overexposure 
is always visible in the mask and the radiologist is warned that 
there may be information lost in the subtracted images. 

4.3.9. Landmarks 
An important criterion for the quality of an image turned out to 
be the visibility of certain "landmarks". Depending on the type 
o~ examination, the radiologists had certain anatomical details 
in mind that should be "just vi~ible" in the image. The better 
these were visible, the higher the quality. It is clear that only 
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experts (people with anatomical·knowledge, used to subtraction 
x-rays) can have such criteria for quality. we found that the 
criteria were the same for the two radiologists, as far as this 
could be checked. 
In several cerebral studies, v. and o. pointed out the very faint 
contrast spreading in the retina which they seemed to consider 
as a sign of quality. If this low contrast disc was visible, the 
image had sufficient contrast. The sharpness (and contrast) of 
images was judged by the visibility of very thin cerebral vessels 
of which the radiologists knew that they should be there. 
In another case, the sharpness of an image was judged very high 
by o. because he could see a small rupture in a vessel wall: an 
extremely thin white line cutting in the wall of the dark artery. 
This image had excellent quality according too., because of the 
rupture. If this had not been there, the image might have been 
just as sharp, but it would not have been that evident and the 
quality would probably have been somewhat lower. 
In one case we noted that the visibility of landmarks can also 
be important for radiological assistants. One of the assistants 
remarked "you can even see the cartilage rings in the trachea" 
as a comment on the unusually high quality of an image. The 
cartilage rings can be seen as rings that are slightly darker 
than the surrounding parts, in a. non-subtracted image. The fact 
that these thin rings are visible means that there must be high 
contrast and relatively high sharpness in the image. 

The visibility of landmarks as described above is not a separate 
aspect of image quality, since it can be expressed in terms of 
sufficient contrast and sharpness, lack of noise and the like. 
However, we have noticed that the radiologists use the criterion 
of visibility of landmarks very frequently when asked about the 
quality of an image. Since the radiologist is only interested in 
anatomical details and the corresponding medical information in 
the image, it is not surprising that he expresses his notion of 
quality also in his perception of these anatomical details. 
However, one would expect that this would only hold for diagnos
tic image quality: if the radiologist can see the relevant (!) 
details easily, then the diagnostic image quality is high. In our 
experiment, we have noted that the visibility of landmarks can 
also be used as a criterion for cosmetic quality: if the 
radiologist sees the coloring of the retina (which he does not 
need at all to diagnose the case), he appreciates the image more 
than if this would not be visible. 

4.3.10. Presentation 
This section treats some aspects of quality not related to the 
contents of the image, but to the way in which it is presented 
on hard copy. As mentioned before, a hard copy sheet usually 
contains more than one image. The images are arranged in rows and 
columns; all images on one sheet must have the same size. Each 
image is accompanied by a few lines of (white) text: the name, 
registration number and birth date of the patient, date of the 
examination, the name of the hospital and of the radiologist, and 
a numbering for the images (for subtracted images: the number of 
the run, and the number of the mask and contrast image within the 
run). If a sheet contains six images, the patient data is printed 
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six times in the sheet, instead of once which would be enough. 
The radiologists do not seem to mind this extra text on the 
sheet; no complaints have been uttered in the interviews. 
The area of the sheet between the images is completely black, 
i.e. of the highest density that the laser imager is capable of 
printing (optical density• 3). We have asked the radiologists 
their opinion about this blackness of the sheet. They were quite 
pleased with it; the dark surround of the images did not divert 
their attention. When we asked whether the darkness might be 
decreased (which would solve some technical problems with laser 
imagers), we did not get a clear answer. Perhaps the surround 
could be made a little brighter without lowering the quality. At 
least it is not necessary to make the surround even darker, since 
the radiologists are quite happy with the status quo. 

The two radiol~gists are very concerned with the lay-out of their 
hard copy sheets. They pay a lot of attention to the order in 
which the images appear on a sheet: chronologically within a run, 
and images that belong to the same run should not be spread over 
several sheets, if possible. The choice which images should be 
printed on large format is also important. usually there are two 
or four images in which the information is optimally visible, and 
these are printed two on a sheet, one below the other. For these 
large images, the lay-out is even more important, as we have seen 
in the experiment. We have seen cases in which the radiologist 
wanted to print an image of the skull and one of the neck area 
in one sheet. He started with the neck image, but then he thought 
tha~ it would be better to print the head above the neck: this 
order was more suitable for a presentation for a large audience. 
Hence he erased the neck in\age again ( the image data being 
temporarily stored in a buffer) and printed the images in the 
more logical order. 
In another study, the images of a leg before and after a PTA were 
printed on one sheet, because these two images showed the effect 
of the intervention in one glance. For the same reasons of logic 
as seen above, the image before PTA was printed above the one 
after PTA. The impression of quality of the hard copy sheet is 
increased by this selection and ordering of the images. 
Another way in which the quality of the hard copies (but also of 
the soft copies) could be increased is the use of annotation. We 
have seen at least three cases in which the radiologist wished 
that he could add some text in an image. Usually this desire for 
text does not go any further than adding an "L" or "R" to show 
which side is left and which is right in the image, but this is 
needed quite frequently. Up to now, the radiologists have to put 
some stickers with "L" and "R" on the hard copy sheets after 
printing. In some cases it is impossible to tell the difference 
between the left-hand side and the right-hand side of a part of 
the vessel system, so the radiologist has to add the stickers 
directly after the examination while he still remembers the way 
in.which he recorded the images. This is not always possible, 
since it takes some time before the images are printed and taken 
to the radiologist. Another solution of this problem has been 
used in the past, but seems to be outdated in this hospital (at 
least we have not seen it during the experiment): putting a lead 
letter "L" or "R" on the patient before the exposure. Of course 
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this only works for left-right information; if the radiologist 
wants to add different text (e.g. "before PTA"), this could only 
be done during post-processing of the soft copy images. 

A final observation about the presentation of hard copies could 
be made when o. compared the DSI images of the mesenteric study 
with the cassette radiographs of the same patient (see Section 
4.3.5). The first thing that o. said when looking at a cassette 
image was: "you can't present an image like that!", pointing at 
the borders of the sheet. These were heavily stained, probably 
during the development in the dark room. In O.'s opinion these 
ugly borders considerably lowered the cosmetic image quality, 
ever-tthough there was no information contained in the borders. 
This illustrates how the general:appearance of a hard copy sheet 
can affect the perceptual image ~uality. 

4.4. Other considerations 

The subjects treated in this section do not fall into the scope 
of the previous section because they are not directly related to 
image quality. However, during the experiment we found that these 
were important topics, all dealing with the way how radiologists 
looked at and handled images in general. We discuss the differ
ence in use (and usefulness) between runs of images and separate 
images; the difference between the use of positive and negative 
contrast; a few special techniques that may improve the image 
quality; and finally, topics related to the user friendliness of 
the system (especially in the post-processing part). 

4.4.1. Runs versus separate images 
In digital subtraction angiography, frequent use is made of the 
information contained in a run of images. A run tells the 
radiologist something about the speed of filling of the arteries, 
the direction and order in which vessels are filled, and other 
time-related information. This type of medical information can 
be very important for the diagnosis and cannot (or very dif
ficultly) be obtained from isolated images. Although the most 
important diagnostic information can usually be shown in one or 
two images, which are printed in a large size for presentation, 
it is often necessary to print complete runs of images as well 
because they contain details relating to the pathology. In almost 
all cases, the radiologist studied the flow in the vessels by 
comparing successive images in a run at the viewing console. In 
several cases, discussions were held between the radiologist and 
another physician or an assistant while interactively "flipping" 
through the images of one run. 
To compare the degree of filling of the vessels between different 
images of the run (different moments), it is much easier to step 
through the images one-by-one at the viewing console than to look 
at images printed next to each other on a sheet."At the viewing 
console, the flow is presented as a movie, the speed of which is 
controlled by the radiologist. This makes flow differences (e.g. 
pulsations) much more evident than in the case of hard copies 
that are spatially apart. One could say that this greater ease 
of.manipulation and interpretation makes the diagnostic quality 
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of soft copies intrinsically higher than that of hard copies, in 
the case of image runs. we have found a further indication for 
this in the fact that in most cases during the experiment, the 
medical information was judged from the soft copy images, and 
that the hard copies were only used for later reference. 

4.4.2. Positive versus negative contrast 
Although we have asked the radiologists on several occasions 
about the pros and cons of positive (dark vessels) and negative 
(bright vessels) contrast, they did not come up with any real 
advantages for either contrast mode. Nevertheless practically all 
images were displayed in positive contrast, both on hard copy and 
on soft copy. It happened only once, in the course of the eleven 
patients and hundreds of images, that an image was printed in 
reversed contrast. This was a lateral contrast image in V.'s 
aortic arch examination showing a stenosis in a bypass in the 
area of the left shoulder (subclavian artery). As mentioned in 
Section 4.3.6, this type of image is notorious for noise. In this 
case, there was not only noise but also movement artefacts which 
made the stenosis very hard to see. Since v. had no better images 
of the stenosis, he wanted to print this image with the highest 
possible guali ty. He optimized the post-processing parameters and 
made a hard copy (in positive contrast), but still he was not 
satisfied with the visibility of the stenosis. Finally he thought 
of reversing the contrast. He compared the positive and negative 
contrast image on the monitor and tried varying the parameters 
for the negative image. He was in doubt whether this was really 
better than the positive one, but he decided to print it anyhow; 
if only to fill the hard copy sheet which already contained the 
positive image in large format (2 rows,1 column). 
V.'s reluctance to reverse the contrast came from the fact that 
he hardly ever does this and hence he is not used to reading 
images in negative contrast. Such images look unfamiliar to him, 
which means that they are probably more difficult to interpret. 
However, he admitted that in some cases negative contrast helps 
him to see low-contrast details. When he is in doubt about an 
important detail, he is inclined to study it both in positive 
and in negative contrast (as in this case). 
When looking at the hard copies of the above described image, v. 
could not say that the negative image had higher quality than the 
po~itive one. Of course, both images had low quality because of 
the noisa and movement artefacts~ The visibility of the stenosis 
was the same in the two imag~s, so the diagnostic quality was 
also the same; but the cosmetic.quality did not differ signif
icantly either. V. had a slight preference for the positive 
image, but only because he felt more at home with it. 

4.4.3. Quality enhancement techniques 
Here we mention two techniques that are not (currently) used in 
Nieuwegein but of which the radiologists say that they can 
improve the quality of certain images. · 
The first one was mentioned by o. and will be referred to as 
"double exposure". He mentioned this on an occasion where he had 
two images of one patient, showing the same important part of the 
vessel tree in a leg, but both images had their shortcomings. In 
image A, the left-hand part of the vessels was clearly visible, 
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but the right-hand side had too little contrast; image B gave a 
clear impression of the right-hand side but had some disturbing 
artefacts on the left-hand side. As he wanted to show all vessels 
in this part of the body, he had to make separate hard copies for 
these two images, both of which had mediocre quality. 
He would have liked to combine images A and B into one, such that 
both sides of the vessel tree were sufficiently visible and that 
the annoyance of artefacts and other shortcomings was diminished. 
Such an image would have much higher quality, show the same 
information and take less space on the (expensivet) hard copy 
sheet. This could be done if "double exposure" were possible: in 
the classical situation where a film sheet is put under or behind 
the patient and is directly exposed by the x-ray tube, the two 
exposures corresponding to the images A and B could be done on 
the same film. In this way an average of the two images would 
result which would have the desired properties. O. mentions that 
this was not uncommon in direct film exposure, and he would like 
to have an analogue of it in the digital system. 
In fact, something like this is possible. A so-called "vascular 
trace" can be made by adding all or some images of one run. In 
the resulting image, the whole vessel is filled with contrast as 
a result of the contrast bolus passing through all parts of the 
vessel during the run. This is used on DVI systems (Chapter 8). 

The ~econd way to improve the quality of images has to do with 
the beating of the heart and the corresponding periodicity of the 
blood flow in the arteries. In · two cases where V. imaged the 
aorta, the cloud of contrast see~ed to move randomly up and down 
the vessel. This is because the contrast injection takes some 
time (it is not just one burst of contrast liquid), the images 
are recorded with a certain frequency, and the pulses from the 
heart have another frequency. The difference in frequencies 
explains the apparent flowing back of contrast, in much the same 
way as cartwheels seem to rotate backwards in movies shown on 
television. 
The moving to and fro of the contrast is an unwanted effect which 
significantly lowers the cosmetic image quality, and sometimes 
the diagnostic image quality as well since the "true" flow cannot 
be judged. A solution to this is called "triggering", which means 
that the recording of images is triggered (via electrical pulses, 
as in an ECG) by .the heart rhythm. Every time the cycle of the 
h~art beat is at a fixed position, an image is taken, such that 
the pulsing of blood through the vessels is in the same state 
throughout the run. This avoids the apparent movement of the 
contrast in a run which greatly facilitates the interpretation 
of the images. Triggering is not available in the Nieuwegein 
radi~logy department. 

4.4.4. User friendliness 
The following remarks on the ease of use of the imaging system 
are based on observations during the experiment an·d on utterances 
of the radiologists. These remarks have nothing to do with image 
quality, but may give an insight into judgement of quality 
aspects of the DSI system in general. 
At the level of image acquisition, there is one facility that the 
radiologist {O.) would like to have, namely the control over 
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changing of recording frequency in a run. In the present situa
tion, it often occurs that a run of images is recorded starting 
at a frequency of e.g. 2 images per second. After some seconds, 
tne contrast has spread over several branches and, because of 
this, proceeds slower. This means that the frequency of recording 
can be lowered to 1 image per second such that the radiologist 
still gets the same amount of information with less data storage. 
The radiologist, who is standing near the patient, has to command 
this.to the assistant sitting at the console where the frequency 
can be changed. In practice, the radiologist yells "back!" at one 
moment during the recording, and the assistant is expected to 
react immediately by pressing a button. 
o. would consider it an improvement if he could change the 
frequency himself, by pressing a button on the view pad (a remote 
control allowing him to view the previously recorded images on 
a monitor situated near the patient). This would avoid problems 
that sometimes occur, if the assistant does not hear the "back" 
instruction, or if he or she reacts too late. 

During the post processing of soft copy images, we have witnessed 
some problems in the deleting of images from the computer memory. 
There are two ways of deleting images: one can delete single 
images, and one can delete complete runs. To delete single images 
from a run, it is necessary to first issue a "protect" command 
for all images of the run that should not be deleted, and then 
the "delete" command can be given. There appears to be some 
danger of confusion in this. We have observed a few cases where 
one of the radiologists wanted to delete a single image and 
"almost" forgot to protect all other images, so that a whole run 
would have been deleted. We know this because the radiologist was 
thinking aloud during the interviews: "Oh, wait a minute, I have 
to ;frotect this, don't I?". In fact, the radiologists were 
thinking aloud quite often during the execution of irreparable 
commands like "delete"; almost as if they were rehearsing the 
instructions in their minds, just to be sure. Of course this 
might be nothing but an effect of the interviewing technique, but 
it certainly gave the impression that they were not fully at ease 
with the control of the image handling tools. 

Another indication that the radiologist(s) may not be completely 
familiar with the user interface of the system comes from the 
following observation. When an image is recorded, the number of 
pixels into which the image is digitalized is indicated by a led 
which is lit when the resolution is 1024 2 pixels. After the 
exposure of the images, the state of the led remains the same 
(lit if the last image has 1024 2 pixels) and is independent of 
the resolution of the image currently displayed on the monitor. 
On one occasion where o. erroneously thought that a soft copy 
image had resolution 512 2 

( see Section 4. 3. 5), part of his 
mistake became clear when he asked "shouldn't that led be lit, 
then?". Clearly that he thought that the led· indicated the 
resolution of an image also during the display of the image and 
not just during the recording. This is a conceptual error which 
might also exist in different aipects of the user interface. 

Finally, we have found that there are serious difficulties in the 
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control of the laser imager. The radiologist commands the 
printing of an image by pressing a button on a control pad. This 
pad has a small LCD display schematically showing the format of 
the hard copy sheet as rows and columns of squares, with the 
already "exposed" (i.e., filled in the imager buffer) squares 
displayed in black and the free squares in white. Every time the 
radiologist presses a button, the nest square is turned into 
black, from left to right in each row and from top to bottom. 
When the all squares on the display are black, the sheet is 
actually printed. 
The first problem is the fact that during the post-processing and 
selection of relevant images, the radiologist sometimes forgets 
which images have already been printed in the first "blackened" 
squares of the sheet when he has to decide which image will be 
printed next. This is important for him to know; not only because 
he ~tist be sure that all relevant images are printed, but also 
because the grouping and order{ng of images in sheets can be 
important. There is no way in which he can recall which images 
have already been sent to the buffer of the laser imager. 
The second problem lies in the erasing of already "blackened" 
squares in a hard copy sheet. It is possible to delete images 
from the imager buffer as long as the sheet is not completely 
filled by pressing an arrow key until a cursor reaches to the 
desired square in the display and then pressing an "erase" 
button. This feature was not known too. when our experiment 
started. During the experiment, it happened that an assistant was 
there when o. accidentally started to print two images in the 
wrong order (the neck in the top row and the head in the bottom 
row, see Section 4.3.10). The assistant knew that erasure of the 
top image was possible, but it took him some time before he had 
figured out how to do it. In a later examination, o. wanted to 
do the same thing but again it took a while before this command 
was executed correctly. 
We can only conclude that the control of the imager is too 
complicated for practical use, as far as erasure is concerned. 
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5. 's Bertogenbosch 

5.1. Examinations 

We have seen four gastrointestinal studies in 's Hertogenbosch: 
one esophagus, one stomach and two colons (large intestines). 
Apart from the soft and hard copies of these examinations, we 
have seen and discussed the images of a DSA study and cassette 
images of an earlier stomach examination. The latter two series 
of images were not available on soft copy and hence we have only 
discussed the quality of the hard copies for these examinations. 

All gastrointestinal images were non-subtractive. In the case of 
the esophagus and stomach studies, the patients had to swallow 
an emulsion of barium sulphate. For the colons, the contrast 
medium was administered rectally via a tube. The contrast of all 
images was negative: regions filled with contrast medium were 
displayed more brightly than surrounding parts of the body. 
The colon images were made in both single and double contrast. 
A single contrast image is obtained by x-ray exposure after the 
contrast medium has entered the colon. After this, air is blown 
into the colon, causing a thin layer of contrast medium to adhere 
to the mucosa (inner wall of the colon) which is distended by the 
gas. By a second exposure, a double contrast image is made. This 
image shows the structure of the intestine wall, whereas a single 
contrast image shows the outer contour of the intestine and 
reveals possible filling defects. A case is diagnosed using the 
combined information of single and double contrast images. 
Apart from the OSI images, a cassette radiograph was made for 
each patient. This is standard practice in this hospital. The 
cassette images gave an overview of the whole intestine region, 
more or less as a reference. A cassette was used for this because 
such an image is much larger than common OSI images. 
The following sections are organized in the same way as in 
Chapter 4: first we treat the soft copy - hard copy dichotomy, 
and then we discuss various aspects of image quality. 

5.2. Differences between soft and hard copies 

The radiologist who participated in the experiment, P., had a 
different way of working with OSI images than the radiologists 
in Nieuwegein. P. looked at the soft copies during the examina
tion, while he was positioning and instructing the patient. After 
the examination, he briefly looked at the images on the viewing 
console and deleted images not containing relevant information. 
On rare occasions, he changed the brightness or contrast of some 
images and then gave a "print" command. This caused all remaining 
images to be sent to the laser imager buffer, which were printed 
on 3 * 2 format sheets in chronological order. This is called 
"batch mode" printing. It is much quicker than printing by hand 
as done in Nieuwegein, but in this way one cannot change the 
printing order or change the size of the hard copies. 
After the images had been printed, all soft copies were deleted 
from memory (in this hospital, backups are made in very special 
cases only). Because of this procedure, P. saw the soft copies 
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only for a short time. He studied the hard copies much longer and 
more careful, sitting in his room in front of a light box with 
all other lights turned off. During the interviews, the time 
between P.'s judgement of the soft copies and the hard copies was 
about two hours. In the everyday situation, however, this time 
is much longer and may be more than a day. 
This explains why P. found it very hard to comment on differences 
between soft and hard copies: generally, the appearance of the 
soft copy has almost vanished from his memory when he looks at 
a hard copy. Be said that he never really compared soft and hard 
copies, for the above mentioned reasons, but: "In principle, the 
quality of the hard copy and soft copy should be the same. At 
least I have never seen any deviations between them." (quoted 
from the transcription of the interviews). From later remarks of 
P., it could be gathered that the "deviations" in this quotation 
should be understood as differences in information content, so 
the word •quality" was meant as "diagnostic quality". 

Although P. could not say much about the comparison of soft and 
hard copies, we did have the opportunity to compare a soft copy 
image to a hard copy image ourselves on a previous visit to the 
's Hertogenbosch hospital. During this visit, we were left alone 
in the examination room for fifteen minutes between examinations, 
when the last image of the previous patient (a DSA in positive 
contrast) was still displayed on the monitor and the hard copy 
of this image was already available. we hung this hard copy on 
a light box in the same room and we took our time to compare the 
two. The ambient luminance was the same for the (almost fully 
covered) light box and the monitor, namely quite low (dimmed 
lights). The viewing distance was about 30 cm for the hard copy 
(image diameter: 12.5 cm), and 50 cm for the soft copy which 
measured about 20 cm in diameter. In both cases, the image sub
tended 22 degrees of visual angle. The result of the comparison, 
in the eyes of a non-expert, can be summarized as follows. 

All details that were distinguishable on the soft copy (thin 
vessels, contours, shades of grey in dark vessels) were also 
visible on the hard copy. No information seemed to be missing. 
The hard copy contained more (and more annoying) noise in the 
bright background. 
The maximum brightness (highlights) was much higher for the 
hard copy than for the soft copy; the minimum brightness also 
seemed to be higher for the hard copy than for the soft copy, 
bµt the hard copy had a larger dynamic range. 
ln spite of the equal size ( in visual angle) of the two 
images, the hard copy appeared sharper than the soft copy. 

These remarks should be interpreted with care, since it is not 
known how a radiologist would look at the images and how he would 
judge the differences. 

5.3. Image quality 

The interviews in the experiment were mainly held while sitting 
in front of the light box, since P. had very little time to 
comment on the images while he was viewing them on the monitor. 
Hence all further remarks made in this section about quality of 
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images apply to hard copies only. As in the previous chapter, all 
observations and comments on quality are organized in separate 
sections. We distinguish the f_ollowing aspects: 
- contrast 
- sharpness 
- noise 
- size 
- landmarks. 

5.3.1. Contrast 
Contrast appeared to be a very important quality aspect for P., 
both for diagnostic and cosmetic quality. In fact, his very first 
remark in the interviews had to do with the effect of contrast 
on the cosmetic quality of an image. He said that the images of 
the first two examinations (esophagus and stomach) were too flat 
to his liking. In other words, the contrast was too low: both the 
brightest and darkest parts in the image were not pronounced 
enough, and the whole image appeared greyish, dull. According to 
him, this was due to the implementation of a new algorithm which 
increased the quality of angiographic abdomen-pelvis-leg scans 
(in which there are large density differences and hence large 
contrasts), but had the effect of lowering the contrast of 
gastrointestinal images. 
For comparison, he put some stomach images on the light box that 
were made before the algorithm was changed. The cosmetic quality 
of these images was much higher; they looked more "crispy". 
Because of the increased contrast in the medium grey tones, the 
old 'images seemed sharper, for instance in the contours of 
vertebrae. 
When we asked P. whether it was possible to post-process the new 
images to make them look like the old ones, he admitted that this 
was possible: by changing the contrast and brightness setting a 
few steps, the images would have just as high quality as they 
used to have. Although he was aware of this and was not satisfied 
with the present appearance of the images, he did not take the 
trouble to change the contrast/brightness parameters. He felt 
that the images should look right in the default setting and that 
post-processing should only be needed in special cases. 
From a diagnostic point of view, P. was quite satisfied with most 
of the new images, because all medical details were clearly 
visible. He even showed us a text book on radiography, containing 
pictures of (cassette) radiographs of esophagus, stomach and 
intestines. These images were supposed to have optimum quality 
where diagnostics is concerned. Comparison of the images in the 
book with the (new) DSI images on the light box showed that the 
new images had "almost as high quality" as the examples in the 
book. P. seemed to think very highly of this, particularly 
because the DSI system offered so many advantages over cassette 
radiographs (manipulation, ease of use ••• ), apparently at very 
little cost in image quality. 

In a few cases, the contrast in (part of) an image was inadequate 
for diagnostic purposes. This could be due to medical circumstan
ces ( in one case, the contrast medium did not stick to the 
stomach wall properly so the wall structure could not be judged) 
or to the imaging technique, as in a case of overexposure. Since 

32 



the images are displayed in negative contrast, an overexposed 
part of the image is seen as a dark spot obscuring all informa
tion. In such cases, the image quality was much lower than in 
cases with sufficient contrast. 
In another image, it also seemed that the contrast was too low 
to diagnose the case. This was a cassette radiograph showing an 
overview of the intestines. Here P. was looking for a tumor in 
the colon which he had already seen on the OSI images. This tumor 
was located in an extremely dark region of the image, and at 
first sight there was no detail distinguishable. P. switched on 
an extra lamp on his desk, having much higher luminance than the 
light box. He held the image in front of this lamp, which enabled 
him to see differences in brightness in the dark region that were 
indistinguishable on the light box. Since he could see what he 

_ wanted to see, P. was satisfied with the diagnostic quality of 
the image, although it could not be used for presentation in a 
room where only a light box was available. Obviously, the 
cosmetic quality was not very high for this image. 

5.3.2. Sharpness 
We have found that P.'s attitude towards sharpness is similar to 
his attitude towards contrast. Although he finds sharpness quite 
important for both diagnostic and cosmetic quality, he does not 
take the trouble to change the image parameters if he is not 
satisfied with the sharpness. We have never seen him changing the 
contour enhancement setting during the experiment. 
The fact that P. finds sharpness an important quality criterion 
could be seen in the discussion of differences between the old 
and new algorithm. Although we were discussing differences in 
contrast, P. mentioned the sharpness of contours in the vertebrae 
of his own account. In another image, he found the quality high 
because of the thin white lines in double contrast showing the 
colon wall. He also pointed out very fine detail (air bubbles), 
the. visibility of which pleased him. All of this indicates the 
importance of sharpness in the g·uali ty judgement. 
The single contrast images seemed less sharp and therefore less 
informative than the double contrast images, at least for the 
untrained observer. This may be due to the fact that a single 
contrast image only contains large white (or black) areas of 
contrast medium, and does not show the thin lines of double 
contrast images. However, the expert (P.) did not complain about 
unsharpness and was quite happy with the diagnostic quality of 
the single contrast images. 
In the angiographic images that we discussed, the sharpness was 
quite high. P. found the quality of these images very good, 
mainly because of the high sharpness and contrast in the thin 
vessels below the knee. The setting of the edge enhancement 
parameter with which these images were printed was unknown, but 
it seemed as if the edge enhancement was higher than in the 
gastrointestinal images (which was also implied by the conspi
cuousness of the noise in the subtraction images)~ possibly the 
default setting is higher for such angiographic examinations. 

In.the comparison between cassette and DSI images, sharpness also 
played a role. At first, P. claimed that the sharpness of the 
cassette image was higher than of the corresponding DSI image. 
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This would explain his preference for cassette images as far as 
image quality is concerned (see Section 5.3.1: comparison with 
images in the text book). Apparently, the cassette image gave 
only a global impression of higher sharpness, since P. could not 
indicate any specific part of the image which was sharper on the 
cassette than on the OSI. Even when checked with a magnifying 
glass, all contours appeared equally sharp on the two images and 
details were equally well visible. P. only noted that "contrasts 
were displayed differently". He said that this cassette image was 
not of very high quality since it was not optimally exposed. In 
other words, if the cassette had better quality, its sharpness 
would also have been higher than that of the DSI image. We have 
not been able to check wheteher this was true or whether his 
confidence in cassette images was based on prejudice. 

As in Nieuwegein, we can also draw conclusions about the import
ance of sharpness from the number of pixels in which images are 
digitalized. The first examination of the day, the esophagus, 
was recorded in 5122 pixels; all other examinations (stomach and 
colons) were done in 1024 2 pixel mode. we asked P. for the reason 
of this. There was no reason; ordinarily, all gastrointestinal 
images are recorded in 512 2 pixels and P. did not know why it had 
been changed on that day. On the other hand, he said that there 
was enough memory to store all images in the larger number of 
pixels. When asked why he did not use high resolution, he said 
that he hardly saw the difference - even though he had three 
years of experience with the C2000 system. Only for very thin 
vessels there might be some details that would be better visible, 
he believed, but this would be just a marginal improvement. 

5.3.3. Noise 
In the interviews about the gastrointestinal studies, P. never 
mentioned noise as having an effect on quality. When we asked him 
about noise, he stated that he did see some noise in the images, 
but he was not bothered by it. It certainly did not affect the 
diagnostic quality because there was only a little noise. After 
comparison between a cassette and the DSI images of the same 
patient, he said that he did not see any difference in the amount 
(or type) of noise. ' 
In contrast with the above, P. did find the noise somewhat 
annoying in the DSA images discussed after the gastrointestinal 
ones. As soon as he hung the images on the light box, he pointed 
at the region of the patella (knee cap) where there was more 
noise than in the rest of the image. The noise was slightly 
obscuring part of the arteries, so that the state of the vessels 
in this area could not be judged as reliably as in the rest of 
the leg. Still P. did not think that the noise influenced the 
diagnosis, since the contrast and sharpness in the image were 
high enough to ensure visibility of important medical details. 
Because of this high contrast and sharpness, he even found the 
quality of the image fairly high. In other words, although the 
noise was quite noticeable, it did not affect the image quality. 

5.3.4. Size 
In Nieuwegein, we have seen that some images are printed in a 
larger size than others, and that the choice of size depends on 
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the importance of the image in terms of visibility of pathology 
and (if the image is intended for presentation) cosmetic quality. 
In's Hertogenbosch, OSI images are printed in batch mode which 
means that all images are printed in the same (small) size. P. 
never prints images in a larger size, although the laser imager 
is capable of doing so. The only way in which P. obtains hard 
copy images in a larger size is through the exposure on cassette 
film. Cassette images show a part of the anatomy life-sized, 
which explains why such images are much larger than the average 
DSI image measuring 12.5 cm in diameter. 
Obviously, the small OSI images are not very suitable for 
presentations where the audience is looking at the images from 
a distance. If we may extend the meaning of the word "quality" 
to include "usefulness", then it follows that a large image is 
more useful for presentations, and hence its quality is higher 
than that of a smaller image displaying the same information. In 
the Nieuwegein case, this means that OSI images printed in a 2*1 
f~rmat have higher quality than those printed in 3*2 format; in 
's Hertogenbosch, it means that cassette images have higher 
quality than comparable DSI images. This explains part of P.'s 
preference for cassette images. It should be noted that the above 
discussion has to do with cosmetic quality only; we did not say 
anything about the visibility of detail as such (not taking into 
account the viewing distance). 

As for the diagnostic quality of images in different sizes, P. 
stated that large images are just as useful as small images. 
Every detail that is visible on a cassette image can also be seen 
in a OSI image of the same part of the body. However, the whole 
intestine region cannot be displayed in a single DSI image, so 
DSI images are close-ups of smaller parts of the body. In P.'s 
opinion, small details (1 mm in size) may be harder to see in a 
DSI image than in a cassette image, because the DSI images are 
reduced in size. To illustrate this, P. used a magnifying glass 
to compare small details in the images. He did not find a good 
example of the difference in visibility, however, so it is not 
clear whether such a difference really exists. Perhaps "harder 
to see" only means "a magnifying glass is needed" .•• ? 

5.3.5. Landmarks 
In Section 5.3.2, we mentioned air bubbles in a colon image. 
According to P., the visibility of this small, low-contrast 
detail in a dark part of the image was a sign of high quality. 
This is similar to the small cerebral vessels, the retina or 
cartilage rings that served as landmarks for the Nieuwegein 
radiplogists. Again the diagnostic (and cosmetic!) quality of an 
image was judged by the visibility of details of which the 
radiologist knows or expects that they should be present in the 
image. 
Another example of this was seen in the second colon examination. 
This patient had diverticula in several parts of the colon. A 
diverticulum is a small blind sac in the intestine wall, which 
can be seen in a double contrast image as a small round structure 
protruding from the wall, with similar grey tones and contrasts 
as the wall itself. The diameter of a diverticulum can be up to 
a few millimeters, but usually they are much smaller. P. saw some 
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of. these small structures in an image and concluded from this 
that the sharpness and contrast of the image were sufficiently 
high, which had a positive effect on the image quality. 
Unfortunately, this patient had an unusually long, winding colon, 
such that different parts of the colon were projected over each 
other. This made it difficult to diagnose the case. Therefore the 
diagnostic quality was not too high for this image, in spite of 
the visibility of the diverticula. (Note that the diverticula did 
not form the relevant information for the diagnosis; their 
presence is quite common and is hardly considered pathological.) 
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6. Drachten 

6.1. Examinations 

As mentioned in Chapter 2, the DSI system in Drachten has less 
features than the one used in Nieuwegein and 's Hertogenbosch. 
In Drachten, shutters cannot be positioned in post-processing, 
which has an effect on image quality that is described in Section 
6. 3. 4. Also, subtraction is not available in this radiology 
department. This implies that we cannot directly compare our 
findings for subtraction images in the other hospitals with the 
results in Drachten. The non-subtractive images discussed in 's 
Hertogenbosch, however, are quite similar to the images made in 
Dracpten, so we may compare the 'quality judgements. 
Another difference between the hospitals was mentioned earlier: 
the restricted amount of computer memory and the absence of a 
tape unit in Drachten. This has two effects: first, that images 
are almost always recorded in 512 2 pixels, and second, that 
images must be deleted from memory once or twice a day. 
Soft copies are viewed and processed quickly; some are deleted, 
some are selected to be printed in a large format, and the rest 
is printed in batch mode. The radiologist, B., cannot take much 
time for this because he is blocking the entrance to the 
examination room when he is standing at the viewing console (see 
Section 6. 4 for more about ergonomic considerations). Usually the 
hard copies of an examination are checked (to see if nothing went 
wrong during printing) before the soft copies are deleted, but 
this is not always the case. Because of this, the situation is 
comparable to 's Hertogenbosch where soft copies are viewed only 
briefly before they are printed and are never compared to the 
hard copies. Although this explained why P. in 's Hertogenbosch 
did not notice any differences between soft and hard copies, it 
will be shown in the following section that B. in Drachten saw 
big differences between the two. 

During the two days of the experiment, B. performed eleven DSI 
examinations, the images of which were discussed in the inter
views. This concerned four esophagus/stomach examinations, two 
enteroclyses ( small intestine j maging), and five colons. The 
esophagus, stomach and colon images were made in a similar way 
as in 's Hertogenbosch, though the contrast medium used was more 
concentrated than customary. B. used a higher concentration 
because he thought this gave better images in double contrast. 
After the single contrast colon images were made, the colon was 
emptied such that only a small amount of contrast medium 
remained, yielding a very thin layer on the colon wall in double 
contrast. According to B., a thin layer with a high concentration 
of contrast medium gives more information about the structure of 
the wall than a thick layer with low concentration. 
In the enteroclyses, the contrast medium was fed into the small 
intestine via a tube through the mouth. To obtain· an effect like 
double contrast, water was led into the tube, about half an hour 
after the contrast had entered the small intestine. A complete 
examination took about two hours. During this period, x-rays were 
taken at regular intervals, such that the flow of the contrast 
through the small intestine could be followed and recorded. 
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6.2. Differences between soft and hard copies 

There turned out to be big differences between the appearance of 
an image on a hard copy and the same image on a monitor. There 
even appeared to be differences between images on different 
monitors. The examination room was provided with two monitors: 
a large one near the table on which the patient was lying, and 
a smaller one at the viewing console on which the post-processing 
was done. We found that the small monitor displayed images much 
darker than the large one, with both monitors in the default 
setting (which was never changed). It happened quite often that 
a dark region of an image was displayed as a black blob on the 
small monitor whereas details in this area were clearly distin
guishable on the large monitor. This difference cannot be 
explained by different viewing conditions, because the ambient 
light was the same for the two monitors. 

A similar difference existed between the laser imager and the 
monitor of the viewing console. Hard copies were viewed on a 
light box in B.'s room, which was illuminated by dimmed daylight 
(blinds closed). Some extra light came from the uncovered parts 
of the light box, which were quite small since there were usually 
four hard copy sheets next to each other on the box. 
Hard copies generally appeared brighter and had much less 
contrast than the corresponding images on soft copy. In general, 
one could say that a hard copy looked much more like the image 
on the large monitor than like the image on the small monitor. 
However, post-processing of the images was done while studying 
the image on the small monitor. This had the following effect. 
When the image was displayed in default setting (brightness and 
contrast controls in default position: 8 on a scale of 15, and 
contour enhancement set to 2 on a scale on 4), it was usually too 
dark to see the important medical details on the small monitor, 
especially when these details were situated in the darker areas 
of the image. Hence B. could not decide which images were impor
tant enough to be printed; he had to increase the brightness and, 
in some cases, decrease the contrast. When the image was optimal
ly post-processed on the monitor, he printed the images in this 
setting. The consequence of this was that a hard copy appeared 
too bright and had too little contrast; there would be a light 
grey haze over the whole image. This particularly affected dark 
parts of the image, which looked much too bright compared to the 
soft copy. The appearance of the printed image would have been 
considerably better if it had. been printed in the default 
setting. In that case, the hard copy would have looked much more 
like the soft copy did after optimum post-processing. 

we also found a difference in the perception of noise in soft 
copies and hard copies. Although B. noted very little noise in 
most images ( see Section 6. 3. 6), he did complain about an 
annoying quantity of "grain" in some hard copies in which maximum 
edge enhancement was used. He had not considered this noise 
disturbing in the soft copies; in fact, he had been enthusias
tic about their quality because the images on the monitor had 
such high sharpness, and he had not remarked anything about 
noise. 
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6.3. Image quality 

From the previous section, it will be understood that B. 's 
judgement of image quality will differ for soft and hard copies, 
art.least in certain aspects. Where necessary, we will distin
guish between his judgement of an image on the two media. We use 
similar categories as in the previous chapters to describe the 
relevant aspects of quality. 

6.3.1. Information content 
As in Nieuwegein, we found that the quality of an image is 
greatly influenced by the medical details that are present in the 
image. In some of the examinations, B. found very clear signs of 
pathologies, and in these cases he was usually pleased with the 
images since they served their purpose: the images were made to 
diagnose a disease (possibly one which B. had expected, based on 
the patient history) and so they did. 
In one case, B. detected an esophagus carcinoma that revealed 
itself in the distended, irregularly structured esophagus wall. 
Although the anomaly was quite large and would also have been 
visible if the contrast and sharpness of the images had been 
lower, B. was very content with the quality of the images, mainly 
because of the fact that he saw this carcinoma. As B. put it: "if 
a radiologist gets enthusiastic over an image, it is usually 
because he sees an interesting disease". In fact, the above 
remarks apply to diagnostic quality only, because the cosmetic 
quality of these images was not all that high: B. noticed some 
unsharpness and local overexposure. 
In another examination, B. saw a case of Crohn's disease: a local 
inflammation in the intestinal tract. This was visible in the 
images of one of the enteroclysis studies, in the ileocecal 
junction (the final part of the small intestine where the ileum 
ends in the colon). In this part of the intestine, the contrast 
formed a low contrast texture which is described as "cobble
stones" in the textbooks. Since it is difficult to capture this 
detail of the anatomy in a radiograph (correct positioning of the 
patient such that other folds of the intestinal tract are not 
projected on top of the ileocecal junction; if necessary, 
suppressing movement of the intestines; choosing the right moment 
when the contrast passes through this region, et cetera), B. was 
very pleased when he obtained an image of the ileocecal junction 
in. which the cobblestone structure was clearly visible. The 
(diagnostic) quality of this image was thus rated very high. 
As in the case of the esophagus carcinoma, the cosmetic quality 
of the images was somewhat lower. In the default setting of the 
viewing console, the soft copies were much too dark. Nevertheless 
B. printed them in this way, for the reasons mentioned in Section 
6.2. The hard copies looked better than the soft copies, in that 
there was more detail visible, but they were still a little dark. 
This was due to the large amount of contrast medium, mixed with 
water, that was present in the in~estinal tract. (Note that these 
images were displayed in positive contrast.) In a certain part 
of one image, there was an extremely dark spot in which no detail 
whatsoever could be seen. For a nonexpert, it looked like there 
was information missing in this area, and the image gave a low 
impression of both diagnostic and cosmetic quality. B., however, 
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found the quality fairly good. He did not mind the dark spot 
because it was caused by a front view of the first part of the 
colon which was already filled with contrast; there was no way 
in which he could have seen detail in that. The interesting part 
of the image was displayed in mid-grey tones and was very well 
visible. This observation is ~nalogous to the findings in 
Nieuwegein, where we saw quite a few examples of so-called "local 
quality" (see Section 4.3.2). In Drachten, we also found many 
more cases of this which are not described here. 

6.3.2. Brightness 
The.overall impression of brightness of an image appeared to be 
an important criterion for its quality. This could be seen in 
the soft copy images, that were usually displayed too dark (in 
default setting) on the small monitor. In some cases, the image 
was so dark that it could not be used for diagnostic purposes 
without changing the brightness setting. Clearly B. found the 
quality of such an image extremely low. If he increased the 
brightness, the (diagnostic) quality would improve. 
In other cases, all relevant details were visible, but the image 
still looked too dark from a cosmetic point of view. This mainly 
happened in positive contrast images where the small or large 
intestine contained a lot of contrast material. This overwhelming 
amount of darkness in the image had a negative effect on the 
quality; B. preferred the mid-grey tones to form the largest part 
of the image (or at least the important part). In those cases, 
B. also increased the brightness to improve the cosmetic quality 
of the image. 
As discussed in Section 6.2, there is a large difference in the 
brightness of a hard copy and a soft copy and hence there is 
also a large difference in quality judgement. If the images that 
looked too dark on the monitor (and thus had low quality) would 
be_printed without post-processing, the quality of the hard copy 
would be acceptable as far as brightness is concerned. However, 
if the soft copy looked right - possibly after processing - the 
hard copy had low quality because it was too bright. Indeed, it 
could happen that information was lost in the brighter parts of 
the image. This is an effect lowering the diagnostic quality of 
the image; however, also the cosmetic quality decreased because 
the "black" (maximum density) parts in the image did not appear 
"black" anymore, but grey. It is perhaps more appropriate to 
attribute the lowering of quality in this case to a reduction of 
luminance range and hence of contrast. 

6.3.3. Contrast 
B. turned out to be very sensitive to contrast in the images, 
both on soft copy and on hard copy. First of all, the diagnostic 
quality was highly dependent on contrast. If B. post-processed 
a soft copy in order to obtain the highest possible quality for 
that image, he adjusted the brightness and contrast in the image 
in such a way that the most important details (e.g. the "cobble
stones" in the final part of the ileum that indicate Crohn's 
disease, see Section 6.3.1) took up the main part of the 
luminance range, such that these details were displayed with 
sufficiently high contrast. 
A siae effect of this was that the brightest and darkest parts 
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lost all detail. Especially if there were overexposed parts in 
the image and/or regions containing a high concentration of 
barium sulphate, then these were displayed as uniform black or 
white areas. For a nonexpert, such images appear "ugly", because 
the over - or underexposed parts attract all attention of the 
viewer. B. agreed that the cosmetic quality of such an image was 
not optimum, but he was perfectly satisfied with the image as a 
whole. 
It is interesting to note that B. claimed that he never decreased 
the contrast setting because lowering the contrast made images 
"grey", which he did not like. This is in accordance with his 
quality judgements of the images~ as seen above. Still it is not 
true that he never decreased th~ contrast of an image; we have 
seen him do this in images where ;there occurred both severe over 
- and underexposure. An example of this is a lateral projection 
of the esophagus (compare the problems with lateral shoulder/neck 
images described in Section 4.3.8). He was only prepared to lower 
the'contrast setting, however, if the medical detail could still 
be displayed in sufficient contrast. In those cases he made sure 
that the total luminance range was used: the maximum density had 
to appear as dark as possible, and the minimum density had to be 
white. If this was not the case (e.g. after printing, because 
printing lowered the contrast as seen in Section 6.2), he found 
the cosmetic quality much lower even though all important 
information was present in the image. In this respect, B. had the 
same opinion as P. in 's Hertogenbosch (see Section 5.3.2). 

6.3.4. Positive vs. negative contrast 
During the experiment, the images of the first four patients were 
displayed in negative contrast, and all remaining sets of images 
were displayed in positive contrast. When we noted the change in 
contrast mode during the fifth examination, we asked B. for the 
reason of this change. The question quite surprised B., because 
he had not even noticed that the contrast had been reversed 
(which had apparently been done by an assistant during a break 
between the fourth and fifth patient). B. is used to looking at 
images in both contrast modes, although he uses positive contrast 
more frequently for reasons that will be explained below. Because 
images of both types looked familiar to him, he did not notice 
anything strange when then the contrast was suddenly reversed. 
When we asked him about his pref~rence for positive or negative 
contrast mode, he admitted that;he slightly preferred positive 
contrast images. This had nothing to do with diagnostic quality 
of the images, however: according to B., positive and negative 
images are equally suitable for diagnostic purposes. In cases 
where he is in doubt about a diagnosis, B. prints the image in 
both modes to be sure that he does not overlook any details. This 
is the same as V.'s habit described in Section 4.4.2. 
B. told us that he had started experimenting with positive 
contrast when the OSI system was introduced; before that, he 
always -necessarily- used negative contrast. Nowatlays he prefers 
positive contrast for a very specific reason. This has to do with 
the appearance of shutters in an image. In a negative contrast 
image, the peripheral area of the image is usually quite dark, 
because there is no contrast material in this part of the 
abdomen. In the regions where the shutters are, the body is not 
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exposed to the radiation, so they give rise to bright (under
exposed) parts in the image. Around the circular image, there 
is a black surrounding. The total image is therefore displayed 
as in Figure 3. This may be compared to Figure 1, which repres
ents an image in positive contrast. 

Figure 3: Image with shuttets displayed in negative contrast. 

Because the shutters are displayed brightly, they are quite 
prominent, especially if there are several of such images printed 
on one sheet which is completely black between images. At first 
glance, the bright areas of the shutters then form a set of "half 
moons" that stand out from the dark background. 
The shutters are even more annoying in an image if they are not 
in the correct position, due to malfunctioning of the automatic 
shutter placement (see Section 2.1). It should be noted that the 
Drachten system does not allow the changing of shutter positions 
in post-processing. If positive contrast is used, the shutters 
(and possible errors in their positioning) are much less 
noticeable. This gives a more quiet appearance of a hard copy 
sheet. It is for this, purely cosmetic, reason that B. favors the 
positive contrast mode. This has been verified during the 
experiment, where three images of one of the examinations were 
printed in both positive and negative contrast. B. did not see 
any difference in the perceptibility of details, but he did judge 
the quality of the positive images higher than that of the 
negative images. 

6.3.5. Sharpness 
The (un)sharpness of an image was mentioned remarkably often by 
B. when he judged its quality - at least, more often than his 
colleagues in Nieuwegein or's Hertogenbosch. In most cases, v., 
O. and P. had to be asked about sharpness before they commented 
on it, whereas B. mentioned it without asking. 
In several of the studies, B. complained of movement unsharpness 
in the images. He said that the images looked like the patient 
was corpulent even if he wasn't. (Abdominal images of corpulent 
patients require a longer exposure time which increases the 
probability of movement during the exposure). The effect of the 
unsharpness on the diagnostic quality was not very large, because 
B. had no trouble detecting the pathology on most occasions. On 
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the other hand, if certain images happened to possess greater 
sharpness (some of the double contrast colon images), B. was very 
pleased to see this and immediately pointed out little details 
that were visible because of the sharpness (see Section 6.3.7). 
The fact that these details were visible gave him the confidence 
that any abnormalities would be visible as well, in case these 
would be present. The quall ty of such images was definitely 
judged higher than that of less sharp images. 
For one patient whose images were discussed in the interviews, 
B. had some previously made cassette radiographs as well. He 
compared the quality of the two sets of images, particularly with 
respect to sharpness. He found the sharpness of the new DSI 
images acceptable, but not as good as the older images. He 
studied the contours in the images with a magnifying glass and 
indicated details where the difference could be seen. This 
difference was very small, however; in fact, an untrained 
observer would not see any difference in sharpness at all. 

It is important to note that all images to which the above 
remarks apply were made with the contour enhancement set to 2, 
which is the default setting. Since B. repeatedly complained 
about movement unsharpness, we asked him whether this could not 
be reduced by using a higher setting of contour enhancement. He 
thought for a while and then said that he never changed that 
setting. Indeed, it turned out that he had never really noticed 
the •contour enhancement" keys on the keyboard of the viewing 
console and he did not know their function. From that moment on 
( starting with the 8th examination), he decided to use this 
feature and experimented with different settings of enhancement 
comrined with changes in contrast. 
For two examinations, the set of images was printed twice: once 
without post-processing (because.that would give good results on 
the hard copy, in B.'s experience, even if the soft copy image 
was far from optimum) and once after careful post-processing such 
that the image looked optimum on the monitor screen. For almost 
all images, this post-processing meant: brightness+ 2 steps, 
contrast - 1 step, and contour enhancement+ 2 steps (maximum). 
B. was enthusiastic about the improved sharpness of the soft 
copies that was provided by the maximum enhancement. He claimed 
to see more details in the images, so their diagnostic quality 
had improved. 
For the hard copies, the quality was a little less. B. was still 
very content with the sharpness in the post-processed images, 
which was obviously much higher than in the original images. This 
could be seen in the contours of double contrast images, but also 
in details in the vertebrae. The reason why B. was not completely 
satisfied with the post-processed hard copies (apart from the 
lower contrast already mentioned in Section 6.2) was that the 
enhancement had also enhanced the noise in the image. He had not 
complained about that in the soft copy, but in the hard copy he 
found the noise annoying in smooth, bony parts like the pelvis. 
The aoise was so irritating that - only comparing the sharpness 
and noise - B. preferred the unprocessed images. These were less 
sharp but also the noise was ~uch less conspicuous. 
Later on he printed some images with contour enhancement set to 
3, and no changes in the contrast or brightness setting. This 
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gave better results, according to B.: the sharpness was quite 
good and the amount of noise was reasonable. For further 
considerations on the trade-off between sharpness and noise, the 
reader is referred to the next section. 

Finally, we have asked B. about the use of 1024 2 image pixels 
compared to 512 2 pixels: did it affect the sharpness of an image? 
In the experiment, all images were recorded in 512 2 pixels due 
to the limited amount of computer memory, but B. had tried using 
1024 2 pixels on earlier occasions. He said that he was "not 
impressed" with the difference. In his opinion, the higher 
resolution does not add anything to gastrointestinal images 
because there is little high-frequency information. In fact, B. 
har~ly noticed any difference between an image digitized in 512 2 

or in 1024 2 pixels. For other :types of images in which high 
frequencies contain more important information ( like thin vessels 
in angiography, or small details in arthrograms), B. does use the 
higher resolution, although it could not be verified in this 
experiment whether this increases the image quality. 

6.3.6. Noise 
As mentioned in the previous section, the images of the first 
seven patients were displayed with contour enhancement setting 
2. Therefore the images did not only appear slightly blurred, but 
also the noise was little noticeable. B. said that he was not 
bothered by noise, when we asked him about this; low image 
quality was always due to unsharpness, low contrast or other 
aspects but never to noise. The only time when B. made a remark 
about noise during the first seven sessions, was when comparing 
images with the same content but printed in different formats. 
One image was printed in 2*1 format and the other was printed 
in 3*2 format, which he used much more often. B. mentioned that 
the "grain" in the background (the smooth areas without contrast 
material) was more apparent in the larger image. 
After B. had started to use higher contour enhancement, in the 
finai four sessions, he commented much more often on the noise 
in the images. He perceived more noise in some of the soft copies 
when he used enhancement setting 4, but this was not objection
able. On the hard copies, the : noise became so bad that the 
quality of the images was considerably lowered. This applied to 
cosmetic quality only, since all important features in the image 
were still perceptible. 
When contour enhancement level 3 was used, the noise was visible, 
but not considered annoying. This setting was the one which gave 
the best overall result, although B. found only little improve
ment over the quality of enhancement level 2. Considering the 
time it took to change the contour enhancement level for the 
images, B. even concluded that the improvement was not worth the 
effort. The weighing of effort against quality will be further 
discussed in Section 6.4. 

6.3.7. Landmarks 
In Drachten we made the same observation as in Nieuwegein and 's 
Hertogenbosch, namely that the radiologist uses certain landmarks 
in the images to decide whether it has high quality or not. In 
the case of B., examples of such landmarks were: 
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- folds and spots in the mucous membrane; 
- a small ulcer in the esophagus (seen as a star-shaped fold in 

the esophagus wall); 
diverticula in the colon; 
an operation scar. 

Most of these are small details that are difficult to see if the 
sharpness of an image is not sufficient. As described in Section 
6.3.5, the visibility of these details was quite important for 
B., which means that sharpness is an important criterion for 
quality. 
A few of the above mentioned examples are low-contrast details, 
such that the contrast of the image can be checked by the 
visibility of these details. B. did not use this criterion as 
often as the sharpness criterion; perhaps because these details 
were in the mid-gray values, which were usually displayed with 
sufficient contrast anyhow. The extreme bright and dark regions 
were more susceptible to lowering of contrast, but we have seen 
no landmarks used to check the contrast in these regions. B. 
mentioned that he needed to see "detail" in the dark and bright 
areas, but he did not specify the nature of this detail. 
Whether contrast or sharpness is verified with the visibility of 
landmarks, in any case B. finds them extremely important because 
he can "trust" the image if he sees these details (which are not 
important in themselves). In that case he knows that no important 
details of that size or contrast will be missing in the image, 
so there is no danger of misinterpreting the image as a conse
quence of too low contrast and/or sharpness. 

6.3.8. Presentation 
B. stressed the importance of a good presentation of medical 
information. This means carefully selecting the focus of the 
image (selecting the part of the anatomy containing the most 
relevant detail; "zooming in" on the detail), and positioning 
shutters to mask areas that are not important. Also, B. printed 
the images in which the information was best visible in a larger 
size than the others, thus making them more prominent. B. 's 
policy is: draw the attention of the viewer to the really 
important parts of an image, and to the really important images. 
For this reason, B. hardly ever produces large cassette radio
graphs in which the whole abdomen is displayed. He thinks that 
such overview images are a waste of time and that it is better 
if t~e vi~wer's attention is immediately focused on the diagnos
tic. details. B.'s efforts in post-processing of the images and 
preparing the lay-out of hard copy sheets are all concentrated 
on this goal. . 
Related to this the use of annotation in the images. As the two 
radiologists in Nieuwegein (see Section 4.3.10), B. sometimes 
sticks letters "L" and "R" on the sheets to know which side of 
the body in the image is left and which side is right. In another 
case, the presence of "reflux" was the most relevant detail in 
the image. This means that a part of the contrast material is 
flowing back after it entered the stomach. The actual reflux was 
only visible in one image, although its presence (the direction 
of the flow) had to be deduced by comparing this image with the 
ones preceding and following it. B. decided to point out the 
importance of the reflux detail by drawing an arrow in the image 
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at the location of the reflux, using a felt-tip pen. The arrow 
indicated the direction of the flow at this location. 
B. appeared quite satisfied with the procedure of using a pen and 
stickers, and did not express the wish for an annotation feature 
on 'the viewing console. This is contrary to the findings in 
Nieuwegein, where both radiologists expressed the desire for such 
a feature. This difference might be explained by the considera
tions described in the following section. 

6.4. Ease of use 
As reported in Section 6.1, the situation for post-processing of 
the images is not ideal. First of all, the radiologist cannot sit 
down at the viewing console if he wants to see the monitor, since 
this is placed on a shelf at eye-level. This fact alone is quite 
discouraging for the radiologist if he would like to take his 
time for the post-processing, as in Nieuwegein. Incidentally, the 
situation in 's Hertogenbosch is comparable to Drachten in that 
the radiologist cannot sit down to do the post-processing, which 
explains why P. took so little time to optimize soft copies. 
Furthermore, the radiologist has to stand directly in front of 
a door when he is viewing the soft copy images. If the door is 
closed (giving better viewing conditions, since the light from 
the corridor does not reflect on the screen in that case), the 
radiologist has to step aside each time someone wants to come in 
or 99 out, to allow opening of the door. But even when the door 
is open, which is usually t.he case, there is just a narrow 
passage behind the radiologist's back when he is standing at the 
viewing console. Consequently he is disturbed every time an 
assistant enters or leaves the room, which occurs frequently. 
Since this is bad for his concentration, he prefers to view, 
process and print the images as quickly as possible. 
In fact, B. does not want to process the images at all. His 
experience tells him that it is better not to change the 
parameters on the soft copy image, even if it looks ugly, because 
the default setting gives the best results on the hard copy. Our 
experiments have confirmed this, as far as brightness and 
contrast are concerned. Based on this, or perhaps on some form 
of prejudice, he expressed the belief that "every form of 
processing can only make an image worse because it deletes 
information". 
Although B. admitted that the sharpness in an image was increased 
both on soft and hard copy by using a higher contour enhancement 
setting, he still will not use it in practice because the impro
vement was not significant enough to compensate for the trouble 
of standing in the doorway longer than strictly necessary. 

Apart from the reluctance to do extensive processing on soft 
copies, we have also observed quite a few problems with the 
handling of the viewing and printing controls. The problems 
described below indicate that the users (both radiologists and 
assistants) are not wholly accustomed to the system and hence 
are not able to fully profit from its possibilities. 
The fact that B. did not know the function of the contour 
enhancement keys was already mentioned in Section 6.3.5. This is 
one of the clearest and most important examples of unfamiliarity 
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with the system. 
Another problem which we observed was the accidental deleting of 
a run of images. This is the same as observed in Nieuwegein 
(Section 4.4.4), with the difference that in Drachten, B. did 
actually delete a run when he only wanted to delete a single 
image. Apparently this was not the first time that such an error 
occurred, since there was a note posted near the console in which 
the personnel was warned to take care when deleting images: the 
necessary key strokes were listed for erasing of single images 
and fUns. In spite of this, the ~rror still took place. 
Finally, it repeatedly happened that there were lights flashing 
on the keyboard that indicated certain errors. We witnessed 
several discussions between B .. and the assistants about the 
meaning of those error messages, and - for example - why the 
post-processing did not work anymore. After a while it became 
clear that most of the errors had to do with the fact that B. 
attempted to change the settings for an image at the time when 
the images were being sent to the laser imager (in batch mode), 
which is not allowed. Although the persons involved seemed to 
grasp this at one time, the next time around the same attempt was 
made, which again resulted in flashing lights, puzzled faces and 
discussions. 
It is obvious from the above that there is room for improvement 
in the user interface of the system, or in the training of the 
users. This will almost certainly result in higher quality 
images. 



7. Basel 

7.1. Examinations 

We have witnessed four DSA examinations: three diagnostic leg 
scans and one PTA. Apart from the images produced in these 
examinations, we have also discussed older images: five recent 
studies that were saved on tape, so soft copies of these images 
were available; and many hard copies, made in the past 1.5 years 
that the OSI system was in use at this hospital. Many of these 
images concerned different types of studies done in subtraction 
technique, like the imaging of arteries, veins, and glands; but 
we have also seen many non-subtractive studies like arthrograms 
(imaging of joints), cystograms (bladder), myelograms (spinal 
canal), HSG (uterus and oviducts), and a few gastrointestinal 
examinations (stomach, small intestine, esophagus). 
The radiologists involved in the interviews were dr. Berchtold 
(abbreviated Be.}, dr. Hedtler (He.), and dr. Huber (Hu.). 

7.2. Differences between soft and hard copies 

The three radiologists had slightly different opinions on the 
equality of images on soft and hard copy. However, they all 
agreed on the fact that they never lost any medical information 
in the process of printing. 
Be. never saw any differences between soft and hard copies, even 
though he compared them very carefully during the interviews. He 
compared the visibility of several details (like the numbers on 
a lead ruler between a patient's legs, and the number of bends 
that could be perceived in a thin, low contrast, winding vessel), 
but he claimed to see them equally well on hard and soft copies. 
Even though the author, as an untrained observer, thought to see 
more detail in dark areas and have a better impression of the 
bone structure in non-subtracted hard copy images, Be. did not 
think so. Both the sharpness and the way in which grey values 
were displayed were equal, in his opinion. we remark that he 
seemed to have a biased opinion of equality across display 
modalities: since the same digital data was displayed, the images 
"had to be the same", according to him. 
He. was interviewed on only one occasion where soft and hard 
copies could be compared, but then he claimed that there was a 
difference between the two. The contrast was displayed different
ly, he said. When he covered the light sensor on the monitor of 
the viewing console (thereby changing the characteristics of the 
monitor, which now adapted itself to a completely dark surround), 
the soft copy on the screen looked more like the hard copy (which 
had been produced in the presence of ambient light). The 
difference was not large: there was not a great amount of ambient 
light in the room, so the monitor characteristic had not changed 
too much, but still He. was quite sure about the· effect. 
Hu. also noted differences between soft and hard copies. Although 
his claim could not be supported by examples, he said that he saw 
more details on a hard copy than on a soft copy, in general. He 
also mentioned that the brightness control in the post-processing 
of images behaved differently for soft and hard copies. If he 
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varied the brightness of a monitor image a few steps, this did 
not have a large effect on the image (a DSA image). He stated 
that this setting mattered much more for the hard copy, where 
even one step more or less in brightness was clearly visible. 
This opinion was reflected in the fact that the way in which his 
judgement of image quality varied with the brightness of the 
background was also different for soft and hard copies. For soft 
copies, he rather liked bright backgrounds, but the exact setting 
was not important: any brightness setting between 10 and 14 would 
generally give satisfactory images. For hard copies, a setting 
of 13 or 14 would give definitely too bright images. Hu. then 
preferred the slightly darker hard copies (with a brightness of 
about 11), because he felt that he could see more information 
in them. This was especially the case if he wanted to see very 
thin vessels. 

In conclusion, it appears that grey levels are indeed displayed 
differently on soft and hard copies, but the importance of this 
difference varies with the observer. None of the radiologists 
commented on the visibility of noise, although in a few cases, 
the author thought to see a little more noise in hard copies. 

7.3. Image quality 

As in the previously visited hospitals, we found that image 
quality judgements depended on things like contrast, sharpness, 
noise, brightness of the background, artefacts, and lay-out. 
These aspects are highlighted in the following subsections. 

7.3.1. Brightness of the background 
All three radiologists involved in the experiment preferred 
fairly bright backgrounds in DSA images (which were always 
displayed in positive contrast). They usually adjusted the 
brightness control to about 13, on a scale of 15, and they all 
agreed that this gave the most aesthetic impression of most soft 
copy images. 
Be. and He. were pleased with the result of this setting on hard 
copies as well, but, as noted above, Hu. preferred somewhat less 
bright images on the hard copy, because he thought that the 
information was more difficult to see if the background was too 
bright. In this case, the brightness of the background had an 
effect on diagnostic quality, whereas it usually ( in other 
hospitals, but also for most other studies in Basel) affected 
cosmetic quality only. 
As opposed to Hu.'s remark, Be. stated that the brightness of 
the background had no effect on the visibility of information 
in a DSA image at all. He. demonstrated this by varying the 
brightness setting on the viewing console for a certain image. 
Indeed, all information remained equally well visible in this 
image. Although Be. claimed that this is true for.hard copies as 
well, we checked the effect on soft copy only. 
As observed in other hospitals, all radiologists seemed to find 
the brightness of backgrounds quite important for the quality of 
their images, and they had strong opinions on the optimum 
brightness. 
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7.3.2. Contrast 
From a diagnostic point of view, the radiologists found contrast 
very important. In subtracted DSA images, this meant that the 
vessels had to be sufficiently transparent. They wanted to see 
as many details (grey shades) in the vessels as possible, which 
is the same quality criterion as observed in Nieuwegein and other 
sites where angiography is done. However, in Nieuwegein we found 
that the darkest parts of vessels had to black in a high quality 
image; we did not find that in Basel. If there was little 
contrast material in the vessels and the vessels could not be 
displayed in high contrast without degrading the image in other 
respects, the radiologists did not seem to mind very much. They 
would still rate the image as having high quality, as long as the 
vessels could be judged reliably from the image. 
We found something similar for non-subtracted images. He. once 
remarked that he preferred a "smooth", "flat" appearance ( in 
terms of dynamic range) of gastrointestinal images rather than 
very bright and dark areas. Be. had the same opinion. Some of the 
"old" hard copies (mentioned in Section 7.1) had relatively low 
overall contrast. Although Be. acknowledged this, he would still 
find such an image of very high quality because it would have 
sufficient contrast in the regions that mattered diagnostically. 
In fact, all of these "old" hard copies were considered to be of 
very high quality; this was the reason why Be. had selected them 
for the discussion in the first place. 
Some images having high contrast were considered to be of low 
cosmetic quality, by all radiologists. This was the case with 
non-subtracted angiography images of the legs made in a scan 
(because of the continuous movement of the arc during the scan, 
each image in a run shows a different part of the legs, so that 
subtraction is intrinsically impossible). These images contained 
both very dark regions (namely where there was a metal filter 
between the legs) and extremely bright, overexposed regions (thin 
strips of air, between the leg and the metal filter). Sometimes 
this was only considered annoying from a cosmetic viewpoint: 
especially the bright parts tended to distract the eyes from the 
more relevant features of the image. In a few cases, however, the 
diagnostic quality was affected as well. There, the over- and 
underexposure was so extreme that the very thin vessels lying 
close to the inside of the leg could hardly be detected anymore 
in the default setting. The contrast had to be set to the highest 
level to see these thin vessels, but then all other parts of the 
image were either black (the filter area) or white (air), and the 
image had extremely poor cosmetic quality. 
On some occasions, where the overexposure occurred on the 
periphery of the image (e.g. in a kidney image), electronic 
shuttering would have improved the quality. Then the contrast 
could be adjusted such that it was optimum for the important 
parts, without worrying about the ugly effect this had on the 
overexposed periphery of the image, since this could be covered 
by shutters. · 
Be. also showed us some very high quality DSA images of kidneys. 
The quality was so high because of the local contrast in the 
kidney. This was achieved by choosing a mask halfway in the run, 
at a time where the contrast was in the vessels feeding the 
kidney. The contrast image was chosen at the end of the run, 
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where the contrast material had spread all over the kidney, such 
that the kidney was displayed as a smooth dark grey shape. The 
subtracted image then showed bright vessels entering the kidney, 
which was much darker than the vessels. Since the vessels were 
brighter than the background and the kidney tissue itself was 
darker than the background, the contrast of the vessels in the 
kidney was increased compared to ordinary subtraction images. 
Other kidney images showed the same increased contrast, but there 
the kidney was white and the arteries were black. Be. was very 
pleased with such images, because the vessels could be judged 
very well in them. 

7.3.3. Sharpness 
There were many remarks made about sharpness in this hospital; 
many more than e.g. in Nieuwegein or 's Hertogenbosch. Most of 
these remarks had to do with movement unsharpness that occurred 
in leg scans. As explained in Section 6.3.5, long exposure times, 
which are needed if thick or dense regions have to be imaged, may 
cause movement unsharpness. This is especially the case when an 
abdomen and legs are scanned, since there is always movement due 
to the scan itself, even if the patient is lying still. 
The biggest problems occurred, according to the three radiolog
ists, when the images in a scan switched from the thick abdominal 
region to the thinner legs. For the first one or two leg images, 
the exposure time was not yet automatically adjusted (i.e., 
decreased) to the value suitable for legs. Therefore these few 
images were the least sharp. (Incidentally, this problem of 
adjustment delay was partially fixed by technical service people 
at the end of the second day of our visit.) 
As a consequence of this, contrast images made in a leg scan were 
always displayed with maximum contour enhancement (4). But even 
then, the radiologists were not fully satisfied with the 
sharpness. 
In static images, the sharpness was much better. Almost all 
contrast images were displayed and printed with enhancement 4. 
Be. repeatedly pointed out details, e.g. on the "old" hard 
copies, that were visible because of the high sharpness (also see 
Section 7.3.6). He found the sharpness in some of these images 
at least as good as cassette images. Together with contrast, 
sharpness was the most important criterion for his judgement of 
diagnostic quality. The importance of sharpness seemed a little 
less pronounced for the other two radiologists, though they, too, 
preferred to see sharp images. 
Most (static) subtraction images were displayed with contour 
enhancement set to 1 ( by Be. ) or 2 ( by Hu. ) • This was done 
because subtraction images were judged to be sharp enough for 
diagnostic purposes, and because a higher setting would usually 
give annoying amounts of noise, as shown in the following 
section. 
One of the hard copy images made a less sharp impression than the 
other ones. According to Be., this was due to the enlarged format 
(1 image per sheet) in which this image was printed. It was meant 
to be used during an operation, so that the surgeon had to look 
at the image from a distance. If one would look at that image 
from the distance it was intended for, the sharpness would be as 
good as that of the other, smaller images. we looked at all 
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images from the same distance, since we were sitting in front of 
an alternator on which all sheets were put up. 
Finally we studied the effect of high versus low resolution 
(number of image pixels). The difference between resolutions has 
been discussed with Be., while comparing hard copies of a subtle 
bone fracture recorded in both 512 2 and 1024 2 pixels. In agree
ment with remarks heard in the three Dutch hospitals, Be. did 
not see any difference in sharpness or in visibility of the 
fracture between the two images. The fracture was visible as an 
extremely thin line, for which a sufficient amount of sharpness 
should be necessary. Still, Be. saw it just as clearly in the 
lower resolution. He even claimed to see the details of bone 
structure better in the 512 2 image, although visibility of bone 
structure (high frequency information) is also related to the 
sharpness of an image. 
This surprising result can probably be explained by another 
remark of Be.: he said that the contrast was a little better in 
the low resolution image. Therefore it is likely that the 
contrast and brightness setting, and possibly the acquisition 
parameters, were different for the two images. The improved 
contrast of the 512 2 image may very well have compensated for its 
lower spatial resolution. It should be mentioned, however, that 
the differences in contrast and sharpness were extremely small. 
To the author, the two images looked completely identical, except 
for the jaggedness of the black border that gave away the number 
of image pixels. 
Be. admitted that he generally did not see any difference between 
high and low resolution images, and therefore he always used low 
resolution (the high resolution image was made for demonstration 
purposes only). The only objection Be. had to low resolution 
images was the jagged appearance of the border. 

7.3.4. Noise 
As mentioned in the previous section, noise played an important 
role in subtraction images. Noise was usually present in dense 
regions, like the abdomen (in overweight patients), even if the 
contour enhancement was set to 1. It did not hamper the diagnosis 
and did not seriously affect the cosmetic quality, but it was 
visible. If the enhancement was increased, the cosmetic quality 
was definitely lowered. The increased sharpness would be ·visible, 
but the radiologists did not need that to see the medical 
information, and so they (at least Be. and He.) always printed 
the images with the lowest possible enhancement. Hu. appeared to 
be less sensitive to the noise, because he sometimes forgot to 
set the enhancement to 1 (the default setting was 2) and did not 
notice the increased amount of noise. 
As in the case of overexposure in contrast images, the use of 
electronic shutters could have improved the cosmetic quality of 
these images. Often the noise appeared in the outer parts of an 
image: e.g. if it was due to the lead shutters absorbing most of 
the radiation. In those cases, the noise tended to be very 
disturbing and could have been masked by electronic shutters 
without obscuring any medical information. 
Contrast images were generally displayed with maximum edge 
enhancement. This introduced some noise, but none of the 
radiologists considered this annoying. We have never heard any 
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complaints about noise in these images, neither cosmetically nor 
diagnostically. Only if an image was printed in the largest 
possible format (one image on a sheet), Be. said that it would 
look a little "grainy" if maximum enhancement was applied. In 
those cases, he rather used enhancement setting 3. 
The difference in applied enhancement for subtracted and non
subtracted images was not encountered in other hospitals. This 
might be explained by the application of different acquisition 
parameters ( x-ray dose) and the extensive use of filters in 
Basel. This could not be checked. 

7.3.S. Movement artefacts 
Due to the fact that pixel shift was not available in Basel, the 
DSA images would sometimes suffer from irreparable movement 
artefacts. Even though the radiologists were very keen on 
avoiding movement and tried to keep the patients as immobile as 
possible (by giving instructions and by physically restraining 
the movement of the relevant part of the anatomy), some shifting 
of legs, breathing or bowel activity was inevitable. 
We have seen some cases of artefacts caused by movement of legs, 
that seriously interfered with the diagnosis. One image showed 
a tibia that had moved horizontally. This produced a dark 
"shadow" line, of exactly the same density and width as the 
contrast-filled vessel that was interrupted just below the knee. 
The radiologist (Hu.) had to look very carefully to see that the 
dark line was not part of that vessel, and that the blood stream 
in the vessel was indeed discontinued. It could only be deter
mined with certainty by looking at the contrast image and the 
mask separately, by carefully varying the contrast parameter (by 
which it could be shown that the average digital grey level of 
the shadow line was not identical to that of the vessel), and by 
remasking of the subtraction image. Needless to say, the 
diagnostic quality of this image ( before processing) was far 
below par. Pixel shifting would have yielded a tremendous 
improvement in this case. 
Remasking was used quite frequently to get rid of movement 
artefacts; indeed, in lack of pixel shift, choosing another mask 
is the only solution if one wants to show a subtracted image 
without these artefacts. Bowel movement can never be compensated 
for, but we have not seen this occurring in relevant parts of 
images. The radiologists did mention the bowel movement in some 
DSA abdomen images, and it lowered the cosmetic quality, but 
diagnostically they were not worried by it. In cases where 
relevant medical information occurs in the same region as the 
moving bowels, patients were usually given bowel-paralyzing 
medication (Buscopan). 

7.3.6. Landmarks 
All three radiologists made extensive use of landmarks when 
judging the quality of images. This concerned details that would 
be visible only if the sharpness and/or the contrast was 
sufficiently high. Bone structure is one of these details that 
was mentioned very often, by all radiologists. Other examples of 
used landmarks are: air bubbles; a thin layer of skin over the 
abdomen ( both require high contrast); a small bone fracture 
(requiring high sharpness); the extremities of separate cords in 
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a bundle of nerves, in a myelogram; a contrast-filled thyroid 
gland; and the extreme branches of arteries in an arm, down to 
the fingertips. 
The radiologists always rated the quality of an image extremely 
high if one of these details was visible. 
Curiously enough, when we wanted one of the radiologists (Be.) 
to compare the sharpness of soft and hard copies for a certain 
non-subtracted leg angiogram, he did not use anatomical landmarks 
for this. Instead, he judged the sharpness by the readability of 
numbers on the ruler between the patient's legs. These numbers 
were quite small and dark, on the even darker background of the 
lead ruler. Only after the appearance of the numbers was compared 
between the two images, Be. turned to anatomical details in the 
image, to see if the sharpness of those details looked the same 
as well on the soft and hard copy. 

7.3.7. Positive vs. negative contrast 
Most images that we have seen in Basel, both subtracted and non
subtracted, were displayed in positive contrast. One reason for 

( Be. to prefer positive contrast was that he was very familiar 
with DSA images, which are practically always, in all hospitals, 
displayed as dark vessels on a bright background. In this way he 
got used to thinking about dense regions as being dark, so that 
he now preferred to view contrast images of all types of studies 
in positive contrast as well. 
Apart from this very personal reason to look at images in 
positive contrast, he also had some more objective reasons. 
Understandably, he always wanted to be able to see the diagnostic 
information as clearly as possible. It just so happened that this 
was usually the case if the image was displayed in positive 
contrast. He illustrated this on some contrast images of angio
graphies. There, it was important to see how far the contrast 
liquid had advanced a thin vessel. In positive contrast, this 
could be seen as a thin dark line, becoming gradually less dark, 
and ending in the same medium grey value as the bone on top of 
which it was lying (in this projection). Be. demonstrated that 
the thin line of the vessel could be more easily seen, especially 
towards the end, than would be the case if he reversed the 
contrast. Another example of this was a lateral image of the 
abdomen, where he had to judge whether the skin was lying 
smoothly over the interior (the bowels). In positive contrast, 
the skin was a light grey line adjacent to a bright background 
(the air). This was much easier to see than the dark grey line 
against a black background that would have been the result in 
negative contrast. 
The final reason for Be.'s preference for positive images was the 
same as B. 's reason in Drach ten. In absence of electronic 
shutters, there were white segments in a negative image where 
lead shutters had absorbed the radiation (see Figure 3 in Chapter 
6). Be. pointed out these crescent moon-shaped areas both on a 
soft copy and on the corresponding hard copy, on·one of the few 
occasions when an image was printed in negative contrast. He 
disliked these conspicuous segments, and the cosmetic quality of 
the image definitely improved when the image was printed in 
positive contrast - even if the medical information was equally 
well visible in the positive and the negative image. 
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One image, of an examination of salivary glands, was displayed 
and printed both in positive and negative contrast. The images 
were printed in a 2*1 format on one sheet, so that they could be 
optimally compared regarding the visibility of details. The 
screen-filling soft copy was about the same size (in degrees 
visual angle) as a hard copy, so that we could compare both 
positive versus negative contrast and soft versus hard copy. 
Apart from the ugly bright segments of the shutters, that 
appeared in the negative images, Be. preferred the positive ones 
for diagnostic reasons as well. He admitted that both the 
positive and the negative image showed everything that was 
necessary for a reliable diagnosis, but the most subtle details 
(the extreme ends of contrast-filled vessels on a medium grey jaw 
bone) stood out a little better if the contrast was dark instead 
of bright. This was true both for the images on the monitor and 
for the hard copies. In fact, Be. said that the diagnostic 
quality was quite similar for the positive and negative images 
(both were considered to be unusually good), but the cosmetic 
quality of the positive image was higher because of the shutter 

( segments. 

Even though most images were made in positive contrast, the 
radiologists in Basel were not dogmatic about that, as Be. put 
it. Since the most important thing was the visibility of details, 
it could happen that an image looked better in negative contrast. 
We have seen a few examples of this. One of the images in the 
salivary gland study showed severe overexposure. In positive 
contrast, this resulted in a large, very bright area. This over
bright spot hurt the eyes, and would do so even more if the image 
was viewed in a dark environment. In that case, Be. decided to 
print the image in negative contrast. The details were still 
visible, but the image made a much more quiet and smooth over
all impression. 
In another case, the diagnostic quality improved, too, by 
displaying an image in negative contrast. Here, some relevant 
vessels were lying close to an overexposed region. Since the 
radiologist had to focus on that part of the image, he was 
greatly hindered by the extreme brightness. Reversing the 
contrast helped him to be able to focus on the relevant part of 
the image and hence to diagnose the case. 

7.3.8. Presentation 
Remarks about the general appearance of hard copy sheets were 
made by Be. and He •• These remarks can be classified in three 
categories: size, ordering, annotation. 
Most of the remarks had to do with size. First of all, the size 
in which an image was printed depended on the intended use of the 
images. We have seen some very large images (2*1 on a sheet, or 
even 1 *l), meant for operations; but at the other end, some 
images were printed in 5*3 format. These very small images were 
made for documentation purposes; usually they contained complete 
runs of DSA images. Al though the most important conclusions could 
be drawn from one or two of those images, the radiologists wanted 
to be sure that no information was lost after deleting the data 
from the OSI memory, so they printed all (or many) of the images. 
Be. was satisfied with the quality of the 5*3 images, although 
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these could not be used for discussions with more than two 
people. He liked the size of the 2*1 images best, since this 
closely approximated the size of soft copies (full screen). In 
that case, Be. found the quality of a soft and hard copy exactly 
equal. Of course, images were usually printed in smaller size 
(3*2) because of the film cost. 
Another remark about size was made by He. and concerned a 
different kind of imaging system: the PCR, also in use in this 
department. PCR is a computed radiography system, in which an x
ray absorption pattern is recorded on a stimulable phosphor 
imaging plate, looking like an ordinary cassette. This plate is 
then scanned by a laser beam, after which the digital data are 
histogram transformed and spatially filtered. After possible 
further processing, the image is printed using a laser hard copy 
unit similar to DSI printing. In Basel, the PCR was used for many 
types of examinations, but mainly for chest studies. The images 
that came out of the PCR system were smaller than the common 
cassette images. He. considered this reduction in size as an 
advantage: now he could read such an image in one glance, instead 
of scanning the whole film with his eyes to detect abnormalities. 
He mentioned that it had taken them some time to get used to the 
new size, but now they were quite happy with it. 
The fact that the order of images in a sheet was judged as 
important, could be seen from the "old" set of high quality hard 
copies. Be. pointed out the nice lay-out of a sheet containing 
two images: the top one was an angiography of an upper arm and 
elbow, and the bottom one showed the lower part of the arm. The 
whole sheet showed the complete arm, and it even appeared as if 
the images fitted together perfectly: the arteries just below the 
elbow could be linked across the images without any difficulty. 
Another case in which Be. pointed out the lay-out of a sheet was 
a PTA. The most relevant images before and after the intervention 
were printed in one sheet, as a summary of the whole study. The 
sheet also showed a contrast image of the inflated balloon, so 
that it was immediately clear that a PTA had been done. 
The remark about annotation was made by Be. when looking at some 
typical DSI images, where the patient data was printed in clear, 
white letters on the black background of the sheet. Be. particu
ldrly liked the readability of the letters, in terms of size and 
contrast. To him, his looked much better than the text in the 
border of a cassette image, which is sometimes barely readable. 
He also said that this appearance of DSI sheets made them look 
"representative": the person (the ordering physician) receiving 
such a set of images would be pleased to see the nice lay-out and 
annotation. 

One final remark dealing with the appearance of film sheets, made 
by He., had to do with hard copies produced by the PCR system. 
In Basel, the quality of the PCR hard copies was by far inferior 
to that of the DSI. The main complaint was the quality of the 
sheets themselves: al though they were only one ·year old, they 
looked as if worn with age. They were cracked, resulting in many 
thin white lines on the sides of the sheet. This did not only 
affect the cosmetic quality, but it even interfered with the 
medical details in some cases. It is not clear what caused this 
premature deterioration of the film. 
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8. London 

8.1. Examinations 

All examinations seen in Hammersmith Hospital were angiographic 
examinations, since the DVI system is designed exclusively for 
that purpose. we have seen one PTA, three diagnostic examina
tions (all abdomen/leg scans), and one embolization. The 
embolization was done by dr. Jackson (J.); the other studies 
were done by dr. Cousins (C.). 
The most important difference between the procedure in this 
hospital and the ones described in the previous chapters, is that 
most radiologists in this hospitals do not print their own 
images. Usually, post-processing and printing is done by radio
graphers: the assistants to the radiologist (who do not always 
know what the radiologist wants to see in a certain image). 
Many of the image processing features of the DVI-S can be 
compared to those of the DSI systems observed in the other 
hospitals: subtraction, remasking, electronic shuttering, pixel 
shift, contrast reversal, and digital control of brightness, 
contrast and sharpness. There are, however, some processing tools 
that are available only on this system. A number of these are 
described below. 

Adding arbitrary text to an image 
- Vascular tracing: selecting a set of subtraction images from 
a run and integrating them into one image 
- Scatter correction: reduction of the effect of scattered 
radiation (increases the contrast and decreases the noise in 
dense regions) 
- Selecting a region of interest (ROI) in an image and processing 
the image only in the ROI (pixel shifting, zooming and inter
polating of the region, histogram equalization ••. ) 
- Performing measurements on the density or width of vessels 

Of the above list, there are only two features that are used 
fre~uently: adding text in an image and vascular tracing. The 
remaining ones are hardly ever used and most of the radiographers 
do not even know how to handle them. 

8.2. Differences between soft and hard copies 

Because the person looking at the hard copy (the radiologist) is 
generally different from the person who processed the images at 
the viewing console (the radiographer), it is difficult to 
compare the quality of soft and hard copies in this radiology 
department. Fortunately, there is one exception: J. always 
insisted on printing his own images, because he wanted to be sure 
that the images looked exactly like he wanted and that no 
information would be missing in them. The other radiologist, c. 
had also printed images a few times in the past, but she did not 
do so during our stay at this hospital. Still she could make 
some remarks about differences between soft and hard copies that 
she had noted on the occasions that she did print the images 
herself. 
Apart from this, both radiologists always saw the soft copy 
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images during the examination, on the monitor hanging over the 
examination table. Furthermore c. had the habit of coming to the 
viewing console after an examination was finished, to sit down 
and have a closer look at the soft copies before the patient was 
sent home. Although these images were not yet post-processed, 
the radiologists could always derive the diagnostic information 
from them. Therefore they would certainly notice if something was 
missing in the hard copies, even if they saw the hard copies 
much (sometimes several days) later. 
We have discussed possible differences between soft and hard 
copies with c., with J., and with one of the radiographers. The 
radiographer, who printed most of the images during our visit, 
mentioned that hard copies tended to look less bright than soft 
copies. Especially the contrast in arteries in a DSA image (in 
positive contrast) came out much darker on the sheet than it 
appeared on the monitor screen, according to him. The two 
radiologists, on the other hand, agreed on just the opposite. 
Independent of each other, they remarked that hard copies were 
often much brighter than soft copies. Since soft and hard copies 

l could not be viewed in the same room, it is quite difficult to 
decide which of these claims is true. 
Part of the discrepancy may be explained by the fact that the 
radiographer preferred to see bright backgrounds in subtraction 
images, whereas both radiologists preferred somewhat darker 
backgrounds (see Section 8.3.1). Thus, the radiographer might set 
the brightness of an image at the time of printing relatively 
high (during our interviews, he often used a setting of 8 on a 
scale of 10). The radiologist (C.) who only saw the images on the 
monitor before processing (when they probably had a lower 
brightness setting) might be annoyed by the increased brightness 
of the hard copies. The radiographer, on the other hand, might 
find the brightness of the hard copy not yet high enough. 
J.'s remark about brightness differences, however, cannot be 
explained by this, because he saw both the post-processed soft 
copies and the hard copies. He adjusted the brightness such that 
the background of a soft copy looked rather dark; he admitted 
that this looked too dark on the monitor, but the hard copy would 
be just right (i.e., brighter) if he used this setting. As we 
have not seen the hard copies of that examination, this could not 
be verified. 
In the three cases where we were able to compare soft copies and 
hard copies of the same images ourselves, neither the author nor 
the radiologist (C.) detected systematic differences in bright
ness. 
Other differences between soft and hard copies have not been 
mentioned by any of the persons we interviewed. The radiologists 
claimed that all information was equally well visible in the soft 
and hard copies. Also, the noise was not considered more annoying 
on hard copies (which was observed e.g. in Drachten). on the 
contrary, J. even said that the laser hard copy unit seemed to 
"smooth out" the noise, compared to the video hard copy unit they 
had before. This is surprising, since it is generally assumed 
that laser imagers can print details of higher frequency than 
video hard copiers and thus noise should be more visible on them. 
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8.3. Image quality 

The judgement of image quality depended on the same properties 
of images that have been observed in all other hospitals where 
DSA examinations were performed. As will be seen in the following 
subsections, the way in which these properties affected quality 
was not always the same as in the other sites. 

8.3.1. Brightness of the background 
One of the most remarkable differences between quality judgement 
in this hospital and others was lying in the optimum brightness 
of subtraction backgrounds. All other radiologists were unanimous 
in this respect: backgrounds had to be as bright as possible 
without hurting the eyes. A few of them (e.g. Bu. in Basel) 
preferred slightly less bright images, but still the optimum 
brightness setting would be a good deal above average for each 
of them. In London, the two radiologists preferred considerably 
darker backgrounds: both on soft and on hard copies. 
Although c. did not usually process images, she used the bright-

( ness and contrast controls extensively during our interviews 
about soft copies. The first thing she did after sitting down at 
the console, was moving the brightness control from 8 ( the 
setting in which the radiographer had last used it) to 5. This 
was the way in which she preferred to view the soft copies. Later 
on, when we discussed the hard copies of the same patient, she 
preferred the ones which had a background brightness similar to 
that of the soft copies with brightness level 5. The darker ones 
were judged as "a little too dark", but she did not mind those 
as much as the over-bright images. She immediately rejected the 
bright images as being of very low cosmetic quality, although the 
same images would have been rated as top quality in Nieuwegein, 
's Hertogenbosch and Basel. C.'s main objection was that she did 
not like the "extreme" contrast between the vessels on the one 
hand and the background on the other hand. This caused glare, 
according to her. 
During the interview with J., we found that his idea of optimum 
brightness was very similar to that of c .. When he adjusted a 
soft copy image such that it looked optimum to him (although he 
did not print it that way - see Section 8.2), its brightness was 
nearly the same as for C.'s images. 

8.3.2. Contrast 
The radiologists' opinions about contrast were rather similar to 
that found in other hospitals. In subtraction images - which were 
always displayed in positive contrast - they wanted the vessels 
to be transparent, to be able to get as much information as 
possible out of the image. Hence the contrast affected the 
diagnostic quality in a predictable way that was the same for the 
two radiologists. 
On the other hand, the judgement of cosmetic quality varied 
between the radiologists. If a vessel appeared slightly darker 
than average (although it was still transparent), c. found the 
image of lower quality; in particular if there were small black 
areas (minimum grey value) in which it appeared that details were 
lost. She much preferred to see images having a small dynamic 
range: if all details were visible, she did not mind that the 

59 



vessels appeared light grey. 
J., on the other hand, wanted to have a lot of contrast in the 
vessels, even if this meant that some parts would turn completely 
black. He compared this to chest x-rays: if a part of such an x
ray is black, one can still see all the details by looking at it 
through a bright light (see Section 5.3.1); but if the x-ray is 
too bright, the information is really lost. The same is true in 
DSA images: if there is too much contrast in a vessel such that 
it looks too dark, one can decrease the contrast setting to see 
the details; but if there is not enough contrast to begin with, 
post-processing will not help. 
The radiographer, who was interviewed as well, found it sometimes 
difficult to select the correct parameter settings for DSA 
images, because he could not predict how much contrast the 
radiologist wanted to see in the image. He found non-subtracted 
images much easier to process, because he only had to make them 
look like ordinary cassette images (in negative contrast). 
The radiologists did not find the quality of non-subtracted 
images very important, because they mainly used them as a 

l reference for the part of the anatomy that was imaged in the 
subtraction runs. C. and J. differed in the preference for the 
contrast mode in which non-subtracted images should be displayed. 
C. blways used negative contrast, so that the contrast images 
could be interpreted like ordinary x-rays. She said that this 
mode was preferred by most of her colleagues as well. The 
radiographers usually tried to print the image such that the 
grey value (density) of each part of the anatomy would resemble 
that of a cassette image as closely as possible. They seemed to 
succeed in this, since C. was rather pleased with the appearance 
of the contrast images. The dynamic range was fairly large, and 
she could see all necessary details (although she only needed 
to localize possible lesions from them). 
J. always printed his contrast images in positive contrast. The 
dynamic range was the same as that of C.'s negative contrast 
images, and J. was very satisfied with the diagnostic quality. 
He sometimes used them to see calcifications or other abnormal
ities, and he found the contrast more than sufficient for that. 

8.3.3. Sharpness 
Both radiologists were very satisfied with the sharpness of the 
DSA images, even though the contour enhancement was only set to 
1 on a scale of Oto 11. In subtraction images, they could judge 
the detail to the very thin divisions of arteries, so that the 
sharpness was more than adequate for the diagnostic quality. 
In non-subtracted images, the sharpness was satisfactory as well, 
although high frequency information like bone structure could not 
be judged from the images. But since neither c. nor J. cared to 
see bone structure in that kind of images, they found the 
sharpness all right for the purpose of the images. 
We were told, both by the radiologists and the radiographers, 
that the contour enhancement setting was never changed. Still we 
wanted to know the effect of the enhancement setting on sharp
ness. Therefore we asked each of the radiologists to vary the 
level of enhancement on the viewing console, and to judge the 
quality of the processed soft copy image. 
C. immediately disliked the higher setting of contour enhance-
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ment. She said that the contours of arteries did indeed look 
sharper, but the increased sharpness looked "artificial" to her. 
It reminded her of an artefact called "ghosting", which had a 
clearly negative effect on cosmetic quality. Since she found the 
sharpness high enough in enhancement setting 1, she preferred 
to view images in that setting, without extra enhancement. 
Wher. J. tried to use an enhancement setting higher than 1, he 
objected to the noise in the background that became more visible. 
He had not mentioned the noise in the original setting, but now 
he found it annoying. Since the increased sharpness was not 
important to him from a diagnostic point of view, he decided to 
turn back to setting 1. 

8.3.4. Noise 
As mentioned in the previous section, the visibility of noise in 
the background lowered the quality of soft copies for J., when 
an enhancement setting higher than 1 was used. With the default 
setting of 1, neither of the radiologists complained about noise, 
although there was noise present in the denser regions of some 
images. It certainly did not affect the diagnostic interpreta
tion of an image for them (at least not in the images that we 
have seen), but also from the perspective of aesthetics, little 
complaints were uttered. There was only one case where the noise 
in an image seemed to affect the quality for C.: a vascular trace 
image showing the same information as a single image from the 
run. C. preferred the single image only because she thought that 
the vascular trace image was a little noisier. 
It should be mentioned that the most noticeable noise, on the 
border of subtraction images (under the lead shutters), was 
always masked by electronic shutters; either by the radiographer, 
or by the radiologist printing the images himself. 
J. mentioned that noise in an image could be disturbing with 
very fat patients. Thus the diagnostic quality could indeed be 
lowered because of the noise, but this rarely happened. 
In one of C.'s studies, there was a DSA leg image of unusually 
low diagnostic quality. The thin vessels were extremely di ff i cult 
to see, because there was very little contrast in these occluded 
vessels. There was also a fair amount of noise in the image, 
partly covering the vessels. To the author, it seemed as if this 
noise was masking the information in the vessels, but c. said 
that the contrast in the vessel would not have been any better 
without the noise: there was just not enough contrast liquid 
flowing through the vessel to form a diagnostically useful image. 
Hence even in this extreme case, she did not feel that it was the 
noise that decreased the diagnostic quality of the image. 
C. made an interesting remark when we were discussing the noisy 
image. She said that it was precisely because of the absence of 
useful details that the image made such a noisy impression. She 
had experienced this before: if the eyes had no relevant informa
tion (in terms of contrast) to focus on, one paid more attention 
to the background, and suddenly noticed the noise. In such a 
case, the amount of noise was probably the same as in other 
images, but it was perceived more easily in lack of contrast in 
the arteries to look at. · 
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8.3.5. Movement artefacts 
We have observed many images in which movement artefacts 
occurred, although the movement was generally not extreme. The 
radiographers tried to undo some of it with pixel shifting, but 
this was not done systematically ( of the two observed radio
graphers, one used pixel shi £ting much more often than the 
other). Of course not all movement could be compensated for, and 
intestine movement was present in quite a few cases. 
J. mentioned that most of his work concerned the abdomen, and 
there he usually administered Buscopan to the patient, to 
suppress bowel movement. In the images discussed during the 
interviews, there was no relevant information obscured by the 
bowel movement, so C. and J. had not bothered to suppress it. 
However, they agreed that such images with severe artefacts had 
very low aesthetic quality. 
In other cases, the shi £ting o'f a leg caused a lowering of 
diagnostic quality. It was an example of a phenomenon observed 
in other hospitals as well: a dark contour of the bone looking 
exactly like contrast in a vessel. Pixel shifting improved the 
quality a little, but still the result was not optimum. c. 
remarked that they sometimes decided to repeat the run, if such 
a persistent artefact occurred in an image. They tried to 
instruct the patient to keep as still as possible, and this 
usually gave good results. J. agreed with this: he did not use 
pixel shifting very frequently, because it was not necessary if 
the patient was instructed well enough. 

8.3.6. Information content 
The type and the amount of information that was contained in an 
image had noteworthy effects on the judgement of image quality. 
Part of the "type of information" effect is similar to the 
landmarks described in the previous chapters. In London, too, the 
radiologists judged the quality of their images by the visibility 
of thin branches of vessels, of calcifications, and of the metal 
coil& in the embolization (the coils that are used to block off 
varicose veins in the intervention done by J.). 
In another case, C. was very happy to have a good view of one of 
the arteries in the area of the ankle. Usually, she found it very 
difficult to get a good lateral projection of the ankles, because 
the patients tended to move if they had to hold their feet in an 
uncomfortable position (ankles touching, and toes pointing 
outward). Therefore, even though the contrast in the artery was 
quite faint, she was very pleased with this image because it 
showed no movement artefacts at all. 
On some other occasions, we observed cases of "local quality" for 
both radiologists: a certain part of an image was informative 
because it clearly showed an abnormality, although other parts 
of the image were obviously overexposed. Here the information 
content also determined the (diagnostic) quality of the image, 
and cosmetics was disregarded. 

The amount of information that was displayed in one image also 
turned out to be significant. This followed from a remark made 
by c., which was not inspired by the images we were looking at, 
but which seemed to be quite important to her. She told us about 
a situation in which DSA images had low diagnostic quality, 
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namely if a patient has an obstructing lesion high (i.e., proxi
mally) in his left leg. In that case the flow rate is very 
different down the two legs: contrast liquid passes through the 
right leg much quicker than through the left leg. Hence there may 
be an early image in the run showing the contrast at the position 
of the right knee (and in the left leg, the contrast is still 
higher up), and then there is a later image in the run where the 
contrast is at the left knee (where the contrast has passed on 
down the right leg). 
So, if the radiologist wants to compare the quality of the 
vessels at the knees, then he cannot compare them in a single 
image, but he has to compare two different images. This means 
scanning from side to side, which is more difficult to do than 
concentrating on one image. Moreover, it is not inconceivable 
that the two images have been processed by the radiographer using 
different settings, so that the amount of contrast in the two 
images cannot be compared directly. This seriously affects the 
diagnostic quality of such a run of images. 
vascular tracing can help in such a situation, since a vascular 
trace image shows the contrast in every part of the two legs at 
the same time. 
In the cases that we discussed, some vascular traces had been 
printed by the radiographer, but in those cases the quality 
improvement over the single images was only very small: they 
showed almost the same information. 

8.3.7. Presentation 
All images in this hospital were printed in a 3*2 format. Usually 
the left-most image in the top row was the mask, and the right
mJst section in the bottom row was reserved for textual data 
(e.g. the parameters used during acquisition and processing, plus 
the common patient data like name, birth date, and date of 
examination), printed in white letters on the black background. 
One of the first things that C. remarked when we were looking at 
a hard copy sheet, was that the textual data did not always 
appear on the sheet. The radiographer had to send a special 
command to the printer to accomplish this, and apparently he 
sometimes forgot to do so, or he decided that it was better to 
put one of the images in that position of the sheet. A concise 
version of the patient data was also printed sideways next to the 
mask image, but this did not show the imaging parameters. 
With this lay-out, only four subtraction images could be printed 
in one sheet. The radiologists preferred their images organized 
in such a way that the images of one run were confined to one 
sheet; otherwise they had to search though the sheets to find the 
next part of a run, which was inconvenient, especially at 
meetings. Therefore they (or the radiographer) could only select 
four images in each run for printing. The radiographer tried to 
choose the four diagnostically most relevant images, but in cases 
where he was not sure that all relevant features in the run had 
been printed, he printed a vascular trace as ohe of the four 
subtraction images. 
c. also told us that in special cases, more than four images of 
one run were printed, so that a run was spread out over two 
sheets. This happened if there was something very special in the 
study that could not be shown in just four images. 
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The size of the images was never varied. The radiologists found 
the size of the hard copies adequate for diagnostic purposes, 
although C. remarked that she would not want them any smaller. 
Larger images would be very welcome, but this would be too 
expensive. 

In one of the sheets, the author noted a strange artefact. Both 
in the mask and in one of the subtracted images, there appeared 
a very thin (one pixel wide) white border just adjacent to the 
black surrounding circle. It seemed as if two of those circles 
had been subtracted where one had shifted horizontally over a 
distance of one pixel. In the mask, this thin white line was 
adjacent to the white text next to the image and almost merged 
into it. When we asked c. about this artefact, it appeared that 
she had not even noticed it. She had never seen it before and did 
not know what had caused it. In any case she was not bothered by 
it and it certainly did not influence her judgement of the image 
quality: the artefact occurred on the very border of the image, 
and she was concentrating on the interior. 

We observed that the radiographer printing C.'s images made very 
frequent use of the annotation possibilities. In every mask, a 
letter "R" was added to indicate the right-hand side of the 
patient, even though lead markers were used as well during the 
exposure. Furthermore the text "Vascular Trace" was added every 
time the radiographer had produced a vascular trace image. This 
was necessary, because such an image looked just like an ordinary 
DSA image, only it contained much more contrast. The radiologist 
who did not know that the image was a vascular trace would 
interpret such an image incorrectly. 
Other types of information (before or after a PTA, or the angle 
of the projection in the image) were also added by means of 
textual annotation. This was particularly important if the 
radiologist did not print the image himself. 
The appearance of the text in the images was much appreciated 
by the radiologists. 
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9. General conclusions and discussion 

In this chapter we review the findings described in the preceding 
c~apters, to see which are the quality criteria that hold for all 
radiologists involved in the experiment. we arrange the results 
into categories similar to the previous chapters, but the 
categories are a little wider. Special attention is given to the 
difference in perceived quality for expert and non-expert viewers 
(Section 9.6), because the existence of such a difference was the 
justification to perform this experiment in the first place. 
From the considerations in Sections 9 .1 through 9. 6, we will 
derive some tentative suggestions for improvement of image 
quality, and some suggestions for further study. These are listed 
in Section 9.7. 

9.1. Differences between soft and hard copies 

We have found no evidence for the supposed complaint that 
information would be lost when an image is printed with a laser 
imager. In Nieuwegein, 's Hertogenbosch, Basel and London, all 
details that were visible on a soft copy were also visible on the 
hard copy. In Drachten, this was not the case; but there one 
could adjust the brightness and contrast of the soft copy image 
such that it contained the same details, with the same degree of 
visibility, as the hard copy (printed with the default setting). 
Here the difference between the appearance of soft and hard copy 
could be explained by a wrong setting of the viewing monitor, but 
true loss of information did not occur. The same holds for the 
difference in brightness between soft and hard copies that 
supposedly existed in the London hospital. 
In conclusion, the diagnostic quality of the hard copies was the 
same as that of the soft copies. Some differences in appearance 
did exist, however: 

1. in some cases, noise was more noticeable on hard copies than 
on soft ~opies (see Section 5.2 and 6.2); 

2. the perceived brightness levels and brightness contrasts in 
a hard copy image were somewhat different from those in the 
soft copy image (they "looked different", see Section 4.2, 
5.2, and 7.2). 

The above differences were the only ones noticed by one or more 
of the radiologists. Other differences did exist, but they were 
seen only by a nonexpert, as mentioned in Section 5.2. Apparently 
it is very difficult for a radiologist to notice differences 
between images on different modalities, as he is concentrated on 
the image content much more than on the actual way in which the 
image is displayed. This is elaborated further in Section 9.6. 
The two differences mentioned above may be explained in the 
following way. ·· 

1. Noise (x-ray quantum noise and noise in the image intensify
ing chain) is displayed sharper on a hard copy because the 
MTF (modulation transfer function) of a laser imager and 
film is better than the monitor MTF, in the sense that high 
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frequencies can be displayed with larger amplitude modula
tion. Furthermore the monitor adds some dynamic noise to a 
soft copy image which may mask the static noise so that 
this noise is less noticeable. 

2. The luminance transfer function of the hard copy is 
different from that of the soft copy. Hard copies exploit 
a wider range of luminances, where especially the maximum 
white level is much higher. This can be seen in Figures A2 
and A3, but it was also observed in terms of perceived 
brightness; see Section 5.2 and 7.2. Also, the amount of 
ambient light is different for the viewing of soft and hard 
copies. This explains why brightness levels and contrasts 
are perceived differently, although the differences are not 
that big that low-contrast details are detected only on the 
hard copy (or only on the soft copy). 

9.2. Quality vs. effort 

{ We have found large differences in the amount of energy that 
radiologists (or radiographers) are prepared to put in the post
processing of their images. We have also found that this has a 
large effect on the perceived quality of the images. The effort 
that is put in the optimization of image quality appears to 
depend on several circumstances, like 
- the attitude of the radiologist 
- the type of examination 
- the ergonomics of the viewing room (viewing conditions). 
Both in 's Hertogenbosch and in Drachten, the radiologists were 
dissatisfied with certain aspects of the image quality (contrast 
and sharpness, respectively). These could easily be improved 
using the available processing tools, but the radiologists did 
not do this: either because they did not know about the pos
sibility, or because they did not have the time, or because they 
felt that "processing should not be necessary". This has to do 
with the attitude of the radiologists, who do not want to "play 
around" with the system, but also with the ergonomics of the room 
( viewing conditions: light reflecting in the monitor screen, 
availability of a chair •.. ). Also, the type of examination 
(gastrointestinal) is probably not critical enough to make post
processing absolutely necessary: as long as the radiologists can 
see what they want to see - which is possible in the default 
setting - they don't go through the trouble to make the image 
look even nicer. 
Contrary to this, the radiologists in Nieuwegein and Basel took 
a lot of time to make the images look optimum. This may be 
because the Nieuwegein and Basel images concern another type of 
examination, and subtractive angiography images are perhaps more 
difficult to read without processing. On the other hand, these 
radiologists also seemed to be more concerned with the cosmetic 
appearance of the images and were prepared to put an effort in 
cosmetic as well as diagnostic quality optimization. They really 
tried to get the most out of the system. 
In London, the situation was more or less in between the two 
extremes mentioned above. Radiologist J. was prepared to spend 
a lot of time in the optimum presentation of images, whereas c. 
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allowed the radiographers to process the images. She was not 
always satisfied with the results of this (the backgrounds of 
images were too bright if the radiographer adjusted them to his 
own liking), but she did not find this important enough to do all 
imaging herself. 
The radiologist's attitude towards optimization of image quality 
could be gathered not only from the time spent at post-processing 
of images, but also from other observations in the experiment. 
The interest a radiologist showed in the technique behind the DSI 
system and his understanding of "what is going on inside" could 
be deduced from remarks and questions during the interviews. This 
interest was obviously related to the care with which the images 
were handled and processed. Conversely, the radiologist's annoy
ance when errors occurred (and also the frequency of the errors!) 
indicated that he had little interest in the background of the 
system - it just had to work flawless and should produce satisfy
ing images. 

9.3. Contrast 

It i~ safe to say that perceived contrast is the most important 
criterion for image quality. This can be said for all nine 
radiologists participating in the experiment and for all types 
of examinations. Both the local contrasts and the global 
contrasts are important, but local contrast mainly affects 
diagnostic quality and global contrast plays a larger part in 
cosmetic quality. 
Locally, the contrast must be large enough to ensure the visi
bility of medically important details, as in the example of 
Crohn's disease in Section 6.3.3. The range of grey values in 
which the contrast must be sufficiently large varies with the 
examination: relatively dark regions are important in angio
graphic contrast and subtraction images, whereas medium grey and 
bright areas matter in stomach and colon images (if displayed 
in negative contrast). 
If the global contrast (dynamic range of the luminances appearing 
in the image) is too small, the image looks flat and is judged 
to have low cosmetic quality, even though local contrasts may be 
large enough for diagnostic purposes. Some radiologists are more 
sensitive to this than others. If the global contrast is too 
large, then the image contains both very dark and very bright 
areas where details may be lost due to over - or underexposure. 
If these details are medically relevant, the diagnostic quality 
is lowered. If they are not relevant, only the cosmetic quality 
is affected. A special case of this is the saturation artefact 
occurring in subtraction images, described in Section 4.3.8. 

In general, local contrasts linked to medical information in an 
image are judged to be far more important th.an the global 
impression of contrast. This was described in Section 6.3.3: if 
there is only a small range of medium grey levels that form the 
important information, then the radiologist will blow up the 
contrast such that the relevant part is optimally displayed (high 
diagnostic quality) but the whole image has much too high 
contrast (low cosmetic quality). 
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9.4. Brightness 

The perceived brightness of various parts of an image appear to 
play a role in image quality. Based on our observations, we can 
define four different criteria for quality that are based on 
brightness: 
1. The brightness of the darkest part in the image; 
2. The brightness of the brightest part in the image; 
3. The brightness of the background of the image (for subtrac-

tion images only); 
4. The average brightness of the image. 

As far as the first two criteria are concerned: the darkest part 
must be as dark as possible, and the brightest part must be as 
bright as possible, in non-subtracted images. This is equivalent 
to the requirement of sufficiently large global contrast, as 
mentioned in the previous section. These two criteria were used 
quite often in Drachten (Sections 6.2, 6.3.2 and 6.3.3), when 
comparing hard copies and soft copies, but also when comparing 
images on different monitors. 
The brightnesses of the darkest and brightest regions are 
important from a cosmetic point of view, but since they are 
related to the contrast in the image, they also affect the 
diagnostic quality. Furthermore it should be noted that the size 
of the darkest and brightest parts matter as well. If the 
brightest part of the image is quite large, then its brightness 
should be less than for smaller parts. This is because large 
area~ of very high luminances distract the viewer's attention 
fro~ the more important features of the image, and they may even 
"hurt the eyes". The size of the darkest part is less important, 
but a large extremely dark .region will also distract the 
attention and influence the cosmetic image quality. 
The third criterion - luminance of the background - has been 
discussed extensively in Section 4.3.3, 7.3.1, and 8.3.1, so we 
do not have to go into this here. We only want to stress the 
importance of this criterion, at least for the radiologists 
involved in the experiment. 
The criterion of average brightness was mentioned in Nieuwegein 
and in Drachten. In both cases, bright images were judged to 
have higher quality than dark images. Here it is assumed that 
all local contrasts are visible independent of the average 
brightness level, which is not always true. In some cases, we 
have seen details vanishing in the brighter regions of an image 
when the brightness was increased (e.g. in the post-processed 
hard copies in Drachten). Of course the quality of such an image 
would have been higher if its brightness had been lower. 
In general, one can say that the criterion of sufficient average 
brightness comes into play only after the other contrast-related 
criteria have been met. If average brightness is used as a 
criterion, it applies to cosmetic quality only. 

9.5. Sharpness vs. noise 

In each of the hospitals, we have observed the influence of both 
sharpness and noise on image quality. In most cases, we found a 
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trade-off between sharpness and noise which was most obvious in 
the effect of the contour enhancement setting. A low contour 
enhancement meant an unsharp image with little noise; with a high 
contour enhancement, the image was sharper but had more noise. 
Since sharpness had a positive effect on quality and noise had 
a negative effect on quality, the radiologists always had to look 
for a compromise between the two when selecting the optimum set
ting of contour enhancement. This optimum setting (and hence the 
relative importance of noise and sharpness) depended on the type 
of examination, on the acquisition parameters used, and not in 
the least place on the personal preference of the radiologist 
(see Sections 4.3.5 and 4.3.6). In Basel, it also depended on 
whether an image was subtracted or not. 
Furthermore the acceptance of noise was dependent on the display 
medium: noise was more annoying on the hard copy, according to 
the radiologist in Drachten (Section 6.3.5), but also according 
to the nonexpert in 's Hertogenbosch (Section 5.2). 

The impression of sharpness and noise did not only depend on the 
contour enhancement setting, but we found that this setting had 
the largest effect on perceived sharpness and noise. Other 
parameters influencing the perception of sharpness were: the 
exposure time (movement unsharpness!), the focus, the contrast, 
and the number of pixels in the image, although most radiologists 
hardly noticed the effect of the latter. 
The visibility of noise also depended on the contrast setting, 
on the x-ray dose, and on the type of image (noise was more 
conspicuous in large, smooth areas like bones or in the back
ground of subtraction images). In subtraction images, the use of 
electronic shutters also had a large effect on the visibility of 
noise. 
The contrast setting was quite important because higher contrast 
increased the sharpness and the noise at the same time; however, 
the increase in noise seemed to be more noticeable than the 
increase in sharpness. 

The distinction between diagnostic quality and cosmetic quality 
was not always clear when the influence of sharpness was discus
sed in the interviews. Clearly the sharpness needed to reliably 
diagnose a case depended on the type of examination. This could 
be observed e.g. in Nieuwegein, where all acquisition and display 
parameters were directed to achieve the highest possible 
sharpness if thin cerebral vessels had to be displayed. In such 
a case, the sharpness mainly affected the diagnostic quality. 
In the gastrointestinal examinations in 's Hertogenbosch and 
Drachten, on the other hand, the radiologists were pleased with 
high sharpness for more cosmetic reasons. They pointed out the 
structure in bone tissue that implied high sharpness, although 
they did not need this structure for their diagnosis. The 
visibility of such small details did give them the confidence 
that there were no pathologies hidden from view because of 
unsharpness. This fact helped them in their diagnosis, so in a 
way the sharpness did affect the diagnostic quality. The same 
attitude of radiologists was found in Basel. 
The mixture of diagnostic and cosmetic sharpness turned out to 
play a role for all radiologists, as could be seen from the 
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importance of landmarks as described in the previous chapters. 
If small, possibly unimportant landmarks were visible, the 
radiologist had "faith" in the information content of the image 
which increased both its diagnostic and cosmetic quality. 

9.6. Judgement of experts vs. nonexperts 

As might be expected, we found remarkable differences in the 
judgement of image quality between radiologists and "laymen". 
The layman (i.e., in this case the author) looks at the general 
impression of an image. For her, the global contrast in the image 
is the most important cue for quality {which can only be cosmetic 
quality). In some cases, like run-off-the-mill subtraction 
images, the layman can guess which of the local contrasts are of 
medical importance, but in general this is difficult to predict. 
The same is true for sharpness and noise. A layman may see an 
unacceptable amount of noise, e.g. in the background of a DSA 
image, when the radiologist finds the diagnostic quality high 
enough and does not complain about noise {see Section 8.3.4). 
The difference between expert and nonexpert judgement is also 
reflected in the setting of the image display parameters 
contrast, brightness, and contour enhancement. It is quite likely 
that a layman would choose completely different settings for 
these parameters than a radiologist would do. In fact, even the 
radiologist himself will apply different settings depending on 
what he wants to see. His expectancy of the image content based 
on the patient history is of great significance in the optimum 
setting of the parameters. This also explains why the radio
grapher in London found it difficult to choose the parameter 
settings such that the information would be optimally visible, 
and why the radiologists were not always satisfied with images 
processed by the radiographers. 
Another reason why laymen and radiologists think differently of 
the quality of an image has to do with the use of landmarks. The 
fact that a radiologist's quality judgement is based on visibil
ity of irrelevant details is quite surprising for the layman, who 
would expect that only those details relating to the pathology 
need to be visible. After some study, the layman might gain a 
notion of relevant details in various types of examinations, so 
that he might predict the diagnostic quality from the visibility 
of those details; but if unpredictable landmarks are used as 
criteria, it is much more difficult for the layman to say any
thing about the image quality as perceived by an expert. 
Similar results have been found in another study done at the IPO 
(cf. [ 2]). Here differences between judgements of radiologists and 
a technical expert were found, and also the reasons for quality 
judgement differed between radiologists and laymen. 
Finally it should be remarked that there is also a difference 
between experts and laymen in the way soft copies and hard copies 
are compared, as mentioned in Section 9.1. The layman looks at 
the images and the way they are displayed in an open, unbiased 
way, noticing things like the dynamic range, color of the light, 
size, viewing conditions, effects in the border of the image, et 
cetera. It seems as if radiologists "see through" many of these 
properties of the image display and only note those differences 
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that are directly related to the visibility of medical details. 
Only if they are asked about specific aspects of the images, like 
the perceived sharpness or noise, they will concentrate on those 
attributes, carefully compare the soft and hard copy and 
(sometimes) note differences. The most information about 
differences between the two types of display can probably be 
obtained if these are compared really side by side, which is not 
feasible in most hospitals. 

9.7. Recommendations 

The suggestions mentioned in this section are mainly related to 
the user interface of the image display system. As we have seen, 
some of the existing processing tools are not used in practice, 
others are used with some difficulty, and other tools are not 
available but are considered useful by radiologists. 
Improvements in each of these areas: stimulating the use of 
existing tools for optimization, making tools easier to handle 
in order to save time, and supplying tools desired by the users 
will doubtlessly lead to a better image quality. 

First of all, we consider the differences between soft and hard 
copies. The difference in perceived noise could be circumvented 
by applying different settings of contour enhancement for soft 
and hard copies. The setting does not have to be changed by the 
user; it could be done automatically. If the user, looking at the 
soft copy, prefers a contour enhancement setting of 3, then this 
could internally be changed to 2 at the time when the image is 
sent to the laser imager. The perceived noise and sharpness in 
a hard copy would then be (more) equal to the soft copy. 
The difference between soft and hard copies noted in Drachten 
can be avoided by careful adjustment of the monitor and the laser 
imager. It is also important to make sure that the surrounding 
light is always the same (the adapting mechanism of the monitor 
is not perfect so that the optimum post-processing settings will 
depend on the amount of light in the room). The best perceived 
image quality will be obtained if there is little surrounding 
light - much less than is observed in most examination and 
viewing rooms to date. The use of shutters, masking of the light 
of unused parts of a light box (as used in Basel and London), 
gceatly helps to decrease the amount of ambient light close to 
the hard copy image itself. 
Other differences between soft and hard copies have not been 
found, so that further recommendations to improve the similarity 
are unnecessary at this time. 

As for image quality as such, we propose the following. The 
observation that radiologists have individual preferences in 
image parameters like brightnes~, sharpness and noise, can be 
exploited in the application of individual defaul~ settings. In 
the OSI system as it is used today, the name of the radiologist 
and the type of examination (like cerebral DSA, peripheral DSA, 
stomach, ••• ) are entered in the system before each examination. 
The type of examination is used internally to set certain image 
acquisition and display parameters, such that the appearance of 
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the images is fit to the diagnostic requirements for examinations 
of that type. In the same way, the system could exploit knowledge 
about the radiologist performing the examination. There could be 
preset values for contrast, brightness and contour enhancement 
settings stored in the computer memory for each of the radiolog
ists in the department, so that the system came up with these 
presets as the individual default setting for that radiologist. 
Then the radiologist would need to alter the settings in specific 
cases only. In the present situation, it often happens (in Basel, 
London and Nieuwegein) that each image has to be post-processed 
separately. Obviously, individual presets would save a lot of 
time and vexation. The extra time could be then used to optimize 
the image quality even further. 
This idea could be extended to an adaptive system, in which the 
most often used settings for brightness, contrast and sharpness 
are recorded for each type of examination and each radiologist. 
This could be used to derive optimum settings for each combina
tion of examination and radiologist. Note that the different 
settings of contour enhancement for subtracted and non-subtracted 
images used in Basel would also be covered by this. 
The use of existing post-processing tools could be further 
stimulated by supplying better training of the users, simplifying 
the user interface (e.g. by providing more appropriate default 
settings) and by having a chair available at the viewing console. 
Better editing (annotation!) and lay-out facilities for the hard 
copy would also be of great help to improve the "presentation" 
aspect of image quality. However, care should be taken in the 
adding of abundant processing tools, since, as He. in Basel 
remarked: the more possibilities exist, the less are used. This 
is mainly due to the extra time it will cost to process an image 
if more parameters can be varied. A good user interface might 
ovetcome this problem. 
Additional improvement of image quality would have to be achieved 
through substantially different acquisition or processing of the 
image data, depending on the type of body tissue and on the 
medical information that has to be derived from the image. This 
does not fall within the scope of this experiment and would have 
to be studied separately. 

It would be interesting to implement or simulate some of the 
above ideas for improvement, to see their effect on image 
quality. The evaluation of this effect could be the subject of 
a subsequent study. This could be done in a way similar to the 
assessment of image quality in this experiment - using interviews 

combined with systematically keeping track of the image 
processing parameters used by the radiologist. 

A final remark pertains to the fact that this study has been done 
in european hospitals only. We have not found any clear effects 
of the country in which the interviews were held. Since there are 
indications that american and/or japanese rad'iologists have 
different opinions about image quality (with respect to preferred 
contrast), it could be worthwhile to continue the study outside 
of £urope, particularly paying attention to differences between 
countries or continents. 
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Appendix 

Measurements done in the Nieuwegein hospital 

What follows is a list of the measurements made in Nieuwegein, 
as described in Section 3.1. All luminances are measured with an 
LMT luminance meter, type L1003. 
The room with the soft copy monitor (angiography room 32 in the 
radiology department) had both fluorescent lighting and incandes
cent lamps in the ceiling. Although most of these lights were off 
during the examination, they were usually turned on during the 
viewing and post-processing of soft copy images. On the white 
walls in the neighborhood of the viewing monitor, this lighting 
reflected 50 cd/m2 (measured at a distance of 1 meter using a 
measuring field of 3 degrees of arc). The amount of light that 
reflected from the monitor screen when the monitor was turned off 
was 4 cd/m2

• 

A test pattern was loaded into the DSI memory and displayed on 
the screen. The pattern consisted of 16 squares of equally spaced 
pixel values between 0 and 255. The square in the lower left
hand corner was the brightest, and the brightness decreased as 
shown in Figure Al to the darkest square in the bottom right
hand corner. Each square had size 2.5 cm x 2.5 cm. The total test 
pattern filled the center 10 cm x 10 cm of the screen, which was 
20 cm high and 28 cm wide. The remaining part of the screen was 
filled with grey value 127. 

.. 117 • 11 

2Z1 1111 • " 
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Figure Al. The test pattern used to measure luminance transfer. 
Numbers indicate pixel values. 

The luminance of each of the test squares was measured using a 
measuring field of 20 minutes of arc at a distance of 50 cm. 
During the measurements, the lighting was turned on as in normal 
viewing sessions, because the monitor characteristic adapts to 
the amount of ambient light (by means of a light dependent 
resistor). The monitor contrast and brightness controls were in 
default position and were not changed during·· the interview 
sessions. The luminances are shown in Figure A2. 
Next, the test image was printed on sheet. This sheet was hung 
on a light box (in the room next to the examination room). We 
hung a few other x-ray sheets next to this, but the light box was 
not completely covered. The fluorescent strip lights nearest to 
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the viewing box were turned off, but some lights further away 
were turned on. This situation closely resembled the practical 
viewing conditions for hard copies. 
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Figure A2: Luminances ( in cd/m2
) of the test patches in soft and 

hard copy. 

In this situation, the ambient light from both the fluorescent 
lighting and the light boxes turned out to be approximately 70 
cd/m2

• The luminance of the uncovered light box ranged from 145 0 
to 1480 cd/m2

, measured in several places on the box. The 
luminances of the test squares on the light box were measured 
using a measuring field of 20 minutes of arc. The measuring 
distance was 1 m, and each of the squares measured 3 cm x 3 cm 
on the sheet. The results of these measurements are also shown 
in Figure A2. 

The results of Figure A2 have been corrected for the effects of 
ambient light. In Figure A3, we have plotted these corrected 
values. Here the soft copy luminances of Figure A2 have been 
decreased by 4 cd/m2

, being the luminance of the reflections on 
the monitor screen. The two left-most points in the curve are 
unreliable because of measuring inaccuracies. For the hard copy, 
we have first computed the densities of each of the test patches. 
This was done by isolating each square (cut out and put in a 
slide frame) and measuring the luminance of this square when it 
was placed in front of a standard illuminant. The density 
followed after division by the luminance of the (uncovered) 
illuminant, taking the logarithm and reversing the sign. Then the 
ideal luminance L(i) of square number i when hung on a light box 
was computed by the formula 

-D ( i ) 
L(i) • L(box)lO 

Here D( i ) is the density of square i and L(box ) is the luminance 
of the uncovered light box. These values of L(i ) are plotted in 
Figure A3. 
The test pattern has been printed on two occasions; to check the 
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constancy of the laser imager. The results of the two measure
ments, which were six weeks apart, are indistinguishable. 
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Figure A3: Corrected luminances ( in cd/m2
) for the test patches. 

We have also determined the viewing distances and sizes of images 
in practice. For soft copies, a screen-filling circular image has 
a diameter of 17 cm, and the average viewing distance is 50 cm. 
Hence an image subtends 19 degrees of visual angle. For hard 
copies, the average viewing distance is 70 cm, but the size of 
the image may vary. Usually, the size of the sheet is 42.S cm x 
35 cm. Two frequently used formats are: two rows of one image, 
and thee rows of two images. In the first case, an image has a 
diameter of 19 cm (15 deg. visual subtense ) , and in the second 
case the diameter is 12.S cm (10 deg.). 

76 


