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Physicians require man

conduct their task, and
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CHAPTER 1

INTRODUCTION

vy forms of visuval images to successfully

hospitals therefore have to manage the
This process
and Communication Systems (PACS). The

and*;omplex in the Radiology Department

since X-ray films are the most usual images in medicine. The flow of

X-ray examinations in the he
because of the huge number

constraints need for due to

‘The introduction of dig

possibilities in terms

It

computer networking. is

of

»spital is intense, costly, and complex
of examinations performed and of the .delay

medical care.
”~

data storage and transmission, through

therefore of interest to develop a digital

: - 3 .
radiclogy workstation which would store, display, and transmit X-ray

examinations. An X-ray examination consists in several elements:

images, reports from the

information. Multimedia technology, which integrates such differ

elements as voice, image, data could be used to Store a complete X-ray

radiologists and any relevant medical

0

;ital images in radiography offers new'

¥n
e

D
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examination.

The purpose of our project is to design and implement, in
collaboration with' the medical community, a multimedia digital

workstation for radiological services. The ‘present thesis thus first

reviews the essential aspects of multimedia technology in Chaptér 2.

4

Chapter 3 then presents the actual problems of X-ray examination
management in the hospital, and describes what is expected from a new
system. The contribution of this thesis to the whole project is
focused on the analysis of the clinical value of digital images, i.e.

the ability of radiologist to make accurate -reports from .digitdl

images. Chapter 4 explains the usual ways of measuring the quality of

an X-ray image. We then describe- a test-bed facility (Chapter 5)
' !

o

which was developed. to carry out ekﬁerimants, with the Radioclogy
- Department of the Ottawa Civic Hospital. The goal of  these
experiments= is to measure the clinical value of digital images, i.e.

their ability to reveal diseases, and show.normal structures. We are

interested in different types of digital images, with three varying

parameters: spatial resolution, contrast resolution, and image

enhancements. Chapitre 6 shows the methodology of the_experiments, as

well as the protocols and results. As a conclusion, we explain how"

digital images could be used by radiologists for reporting.

- a



-- CH&PTER 2

'MULTIMEDIA SYSTEMS AND SHARED SPACE

>

2.1 INTRODUCTION

. oW
-

In any environment with complex .database. -and communications

-
4
. . -

requirements, there is a need for integrated services providing voice,
data, images storage and interactive communications, between remote

users. Multimedia technolsgy objectives are to improve the quality of

Temote communications hy transmitting simultaneously different media

J/;;:;\ as text; voice, graphics ‘and images. In the following sections,

we first provide details on the different media, in terms of their
characteristics and requirements ( Storage, transmission, processing
). We then describe what is available currently in terms of

multimedia communications, and multimedia systems. ‘

2.1.1 List Of Media

tice,‘a common and convenient medium of communication, is one
element 0} a multimedia service. Th; bandwidth of voice is about &
Khz ( ref 2-1 ). Nyquist criteria implies a sampling é;equencyr of
8 Khz. Speech is qsually quantized at 8 bits/sample, which gives a

datarate of 64 Kbits per second.’ To reduce this rate, the voice

signal "is coded. Traditional differential coding provides a 15
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kbits/sec -data rate ( ref 2-1 3. Data acquisition . (voice

digitization and storage), and voice reconstruction are to be done

in real time: - )

Keyboard: typewritten text is the most common way to store
information in a computer. .The input, and output device for this
medium is & computer terminal. This medium is memory efficient

since a full page of ASCII text is stored in about 50kbits.

—

.

Graphics: The interests of graphic overlay are multiple.
They may be used as annotations, to point to a place in thdrtext.
aﬁ ima@é, or alone, as a sketching aid for communication. Sketchs
are usually entered through interactive devices such as mouses, or

tablet digitizers. The position of the stylus, . or mouse is
sampled, and the sk;tch is stored in albit map image ( 1 bit per
pixel ). The size of the. memory is related to the resolution
requirea: Tlow resoluti;; for video text or teleconferencing; high
resblution for applicatibns such as Computer Assisted Design,
graphics art. An alternative-is to store a handwritten sketch as a

set of vectors. This method is memory efficient, as only actually

\
drawn sketch is stored

Image: One component of a multimedia system has to acquire,
store, and display images. The gesolutioﬁ necessary is related to
the use of & system, and is limited by technical considerations and
costs. Low resolution images might be sufficient for teletext; on
the opher hand, engineering, or biomedical purposes might require a
resolution exceeding 2000%2000, 12 bits per pixel, i.e. 48 Mbits

per image. )
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— ’

) Facsimile (ref 2-2): facsimile refers to a method by which

albhanumeric text and graphics information, printed or handwritten,

'
A

.can be captured fromu an original document, transmitted over
communication lines, received and recorded on paﬁer at a remote
location. Digital facsimile sgores a text and‘gFaphics péper sheet
in a computer memory as a bit maﬁ imagei(l bit per.pixel). The
resolution ;vailable ranges from 1000 # 1000, to 2000 * 2000 for a
usual Al format sheet, and the storage therefore ranges

approximatively from 1 to 4 megabits,

This list of media is not exhaustive, and any user may need

. ! &
it's own peculiar data type; e.g. for Computer Assisted Design

N
three ‘dimensional databases, or spreadsheets for financial

purposes.

. :
2.2 SHARED SPACE

To model the needs of interactibn during communication{ THOMPSON (ref
2-3) introduced the notion of shared spaces. A fiyst exaﬁple of a
shared space is a telephone link, where an acousti space 1is shared

between the users: both can talk, liste and interrupt

BN

simultaneously. This creates a8 common space, shared both wusers.

Citizens band radios, with the push-to-talk switch do hot provide
shared acoustic space: while one user is speaking, the  othe

interrupt .

The shared space, in @ telephone link,¢is limited to woice. It
is of interest to create shared space for graphic, image\and text.

Two users, on two remote workstations then have - the possibili of

simultaneously displaying, modifying an image, drawing sketchs, both

seeing the same thing on their screens: a multimedia shared space 1is
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created. Multimedia sh

loser to the usual
\

red communication

man/man communications, and .could, therefore, be used with success to

provide rembye communications. ' -

2.3 EXISTING:;;LTIHEDIA TECHNOLOGY R

We describe now several’ approaches to shared space, multimedia

communications.

2.3.1 Teleconferencing (ref 2-4)

Teleconferencing refers to a two way electroni compunication,
t

between two, “or more individuals, or groups, i ocations.

The communication is interactive, giving people/in each locatVpn

is  commonly classified . into &

I

audiographics, videoconferencing, computer cknfe ing.

+

Aud&%conferencing is a single medium sy3tem, which allows severa]

users to speak simultanecﬁsly, on telephone lines. Audiographics is a

.

bi-media conferencing technique which transmits voice and graphics

over narrowband telephone lines.

N =

Videoconferencing provides ‘a two-way communication for both

* voice, and imdges. Images are ‘no longer restricted to graphics, as in

audiographic conferencing, and can be any television quality image.

Several options are available. Freeze frame conferencing provides.two

way, shared space audio connection, and using the same narrow band

line ‘transmits a fixed images. The transmiss{on delay varies from a

few seconds, to a few minutes, depending.on the line ﬁua{iﬁz. Full
: - _

motion videoconferencing provides two way, real time video images, and

requires a television broadband link-({ 6 Mhz for color analog ). This

"

Lhe

~
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most closely resembles a face to face meeting, the video image
creating a social presence, but is costiy, because of terminal

equipment, and broadband lines. .
. L9

The goal of  teleconferencing is to replace physical meetings, for
faster decision making, and reduced travelling time and costs. .

Videoconferencing has been ugsed with some success, some people

~. prefering that to. physical meetings, but there has not been any

measure of the image'ﬁrfgntribution to increasing efficiency of the
communication. There is & tendency to overestilate the value of
bicturgs of people. Partigipants‘;sually do not have experience in
videoconferencing, but have experience in watching telévision, and agt
durirg the conference, as in a television show ( Hollywood syndroée ).
They give a presentation, rather than participate in an interactive
dialog. Moreover, theﬂgktention of the participant being focused to a'
monitor, participant may pay- too much attention to visual images, and
video behavior, rathe? fhan concentrating on the relevant problem.
Videdconferencin%f.also destroy the privacy of audiocbnferencing. The
major question is to determine whether it is necessary to'have images

s

of people in a teleconference, and find how to use the video channel

most effectively. g

Comﬁuter conferencing. " is the most recent addition' to
teleconferencing. People communicate through ) computer términal,
linked by telephone lines. The communication is based on the e#change
of. text information. Voice might be included, with the current voice

and data private branch exchanges, transmitting interactive voice, and

typewritten digital documents (ref 2-57, Computer cohferéncing offers

-

_synchronous/asynchronous communications, and flexibility. Synchronous

refers to real time, interactive compunication, and asynchronous to
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the possibility of storing a "call", record the answer, and "converse"

any time with the caller. In current computer conferencing, the

transfered documents are usually text. The introduction of other

“

medisa, such as images, or graphics would improve the efficiency of
computer conférencing. This introduction requires special equipment
for the terminals to create, send, and converse with multimedia

documents. We describe some of these in the next section.

One further advantage of computer conferencing is that . the

-

required equipment set is the office's terminal. It is no longer

necessary for individuals to meet at an appointed time, and place.

2.3.2 Professiqnal WOrksgations

4

¢

A number of professional workstations have been build to create,
store, and communicate wmultimedia documents. As an example, we

describe the PIC developed WANG (Professional Image Computer, . ref

2-6). This system integrates 6 technologies into a single

workstation: A ) -

1. Data processing
2. Word processing
3. Image (1 bit(?ixel) '
4. Audio

5. Networking

6. High level user interface
— 0 .
The PIC includes a screen terminal. a camera like scanner, with

P~
zooming , facilities, to digitize the images from a sheet of,paper, a

(;/’ thermal printer, a WANG 16 bits microcomputer, 640 Kbytes " mem ry, an

optional 5 Mbytes Winchester disk, and an associated software/hardware

S
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for commﬁnicqtion with other PICs (fig 1).

NEC MS50 Image/text file
minicomputer |

4

"~ ( Keyboard ‘ '

Image memory
- . : 1024 * 1024
(Elcctronic signal tabIct) 2048 * 4096 1024~ 1024 1.

- : Image processing
(Vmcc rcognizer unit

. /

(Imagc scanner

fig 1

’

. . 4

A Composite Editor is provided, to freely compose a document,

[/ merge  text, voice and images. Moving, rotating and scaling,

-

(/ facilities are available. The multimedia document is then structured,

using a hierarchical approach. It is ide ied by its descriptor,

'which contains general information about e documeyt (identification,

title, owner, .!. ), and the rules for data organization.

A document is divide subpages, each

.\;;Egppnge containing blocks . a ( fig 2 ). Sub-page descriptors
indicate the area size and the position of the subpage. The data

descriptdr consists of -the media type, and all the formatting

attributes necessary for the layott of/ the document. For text, for
example, it would be line length, position on the subpage, character

font,... For an image, it would be the block position, the clipping

-constraints, the reduction/enlargement ratio, so that the image can

- »



fit into the allocated area.
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Document  Page Subpage Data
Document age 1 -« - Sub 1 ata 1
Page 1 Descriptor | dgsg’riplor - Dasc%?ﬁntgr Descriptor

-Subpage 1

\

@ h
@ |

Subpage 2

|

DOCUMENT STRUCTURE

DOCUMENT DESCRIPTION

A 4
fig2

To present the document, the data has to be retrieved, processed,

and displayed. Several processing-functions arq,rcqufrcd ( character

generation, image processing software, vocoders,

data has to be processed independantly.

.)>. Each type of

5

2

The communication software offers sending and mailing facilities.

-

The hardware only handles synchronous low band transmissions. This
permits Tcommunications with modems through the telephone network, but -
does not provide broadband communicétiogs. There are no possibilities

N
for interactive, shared space communications.

The PIC is therefore a system which handles multimedia documents,

but with limited possibilities, in terms of media ( only 1 bit/pixel

" images ), and communication facilities. It is adapted for functions

—
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with low demands, found in office automation applications.

¢ 2.3.3 DIAHOND-DARPA

The DIAMOND sysﬁem (ref 2-7) is an application oriented system wﬁich
provides: true _ﬁultimedia services (image, text, voice), and in
addition has a powerful communication facilities. DIAMOND'consigts of
a set of workstagion, which can communicate through a 10 Mbits/sec

Ethernet. The main characteristics of DIAMOND are:

1. Handles multimedia doccuments {(voice,graphics,text, high

resolution graded, or color image,spreadsheet, ... )

2. Diamond is build on a distributeg:;gchifebture 'qu\

i

—

3. Diamond accommodates different users, with different tasks

-

4. Provides user interface to DIAMOND's multimédia cgpabilities.
Data is organized with the DARPA MMCP model ( fig 3 ). Thé
structure is hierarchical, with "consist of", and "followed by
relations, between different blocs. Blocs coniains attributes,_ and

data. N

. Technical memo
Document

Consists of

>
Followed by
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The DARPA MMCP model is controlled by the Document Editor, which

interfaces, and simplifies the model for the operator. - The document

editor provides the possibility of pointing, moving, deleting any .
object in the document, assistance for formatting composite objects.

Relations between medias are provided, "to associate for example a

-

sketch added to a document and to A vocal information.

S

DIAMOND is an advanced‘systgm, in terms of multimedia, but not éb :

with respect to communications. The only available facility is
mailing through broadband communication lines. DIAMOND communication

protocols do not handle interactive, shared space communications on a

document. ' . .

T



B . CHAPTER 3

X-RAY FILMS WITHIN THE HOSPITAL
. ¢

In current medical practice, X-ray examination is a widely used
. L
contribution to a medicel diagnosis. The communication, storage, and
]
retrieval of X-ray films and reports is an’ important and complex task

because of the amount of data to be managed, its type. (film sheets and

their folders), and the retrieving time constraints due to medical

care requirements.

3.1 GENERAL DATA ABOUT X-RAYS WITHIN THE HOSPITAL —’/

.

We take the example of & 1000 bed, outpatient hospital ( ref 3-1
)} in which 150.000 X‘fays examinations are performed a year. For
medico-legal reasons procedures are to be kept for Sl years and the
amount of archived films is estigpated to 3,900,006 films. However, at
a given moment, immediate access is required foé only the EOOO active

files correspénding to the present and in-patients. Occasionally,

older archived films might be required, ‘but their accéss is not

Qiﬂ\

immediate.

Fan
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3.1.1 X-ray Film Scenario

The whole scenario of an X~ray examination consists in several

ijteps: -

1) A physician af;er .examining a patient orders  the
procedure.

. ' |
2) The procedure is scheduled by nurses, or clerks:
.Eventually the patient's medical history is checked, to

 detect any contra-indication ( for more complex, and risky

procedures such as contrast injection).

3) The exam is completed, and the film processed.

~4) Radiologist work: The film is examined by a radiclogist.

During na reporting session,‘whiﬁﬁ usually take; maximum a

few minutes per médical case the radiologist performs the
following tasks:

- Looks at the film: He looks at all the film of a&

exam simultaneously ( a lot is léarned, in radiology; by

comparison). - A medical ca3e commonly consists

films (fig 1); viewing boxes have up to 8 windows.

~— L

occurence
rate

0

T2 T4 T 6 T 8
films per exams

Fg T - 316
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‘Fig 1

To see finer, and darker details, without *being

disturbed by the
spotlights. They

sketches, on the f

surrounding light, radiologists use

add handwritten annotations, or

Llm.

- Reports: Once they have completed " their exam,

they record their report, using a dictation machine.

Radiologists have to take the films from the

|
jacket, and put
about 20% of the ti
in, .and -out of

about this loss of
5) The report is ty

6) Films and report

approval .

7) Films and report

The'"whole cycle takes at least a day.

probléms.

%~ their result sconer. (for e

since a rédiologist is
" department). Moreover, this
for the patient, who mig

patient's
it on the viewing box. We note that
me is spent just by handling films

their folders; radiologists Eomplain

time.

ped by a secretary.

are sent to the radiologist, for

are sent to the referring physician.

This delay creates several

Radiologists are often disturbed by physi&ians, who want

mergency, however, this cycle is shunted,
permanently on duty at the emergency’
delay creates extra cost, Pnd discomfort

ht have to stay. one extra night ‘in the

hospital, just whiting for the results of their exam.

s

3.1.2 Shared Communications

Remote shared space c

i Spaces: Present Situation
|

|
%mmunications are performed, now, with
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telephone  links, when referring physician requires immediate
informations about a film. Obviously, the image is missing, in this

type of communications.

Currently, multimedia - shared space is the physical meeting.
Ra@iologists, for subtle cases, may want to share their expertise.with
another Tradiologist, having a physical. meeting with the film.
Referring physicians might also want to have a meeting, wlth the film
and the radiologist, to get a immediate explanation of the film:— or
detailed explanations -about a specific area. A radiologist commonly
spends two hours a day in meetings, and is f;equently distﬁfbea by
physicians, ' during their normal workload. Shared spaces used,
jg;fently, are vocal, and yisual, i.e. multimedia.’

'

3.2 FAILINGS OF THE PRESENT SYSTEM

The basic failure of the present system is that only cne hardcopy

- .

of the exam, the analog film, is available. 'As a consequence several

/

-~

problems arise:

DIFFICULTY OF HANDLING: Handling film sheets in, and out of

—_

their folder is time consuming; moreover, these manipulations scratch,

and damage the films.

ARCHIVING COSTS AND PROBLEMS: To manage the X-ray film sheets &

communicating, storing and retrieving infrastructure is necessary.

Currently,.}etrieving, and'arcﬁiving requires & full time employees,
and l1 or 2 during off hours. The access time for a §§ecific film is
-between 2 and 15 minutes taverage 5 min), ' for 'reéé;t files (6-9
months), and a few hours for older films (up to & ygar#)r The films

are used for comparison purposes, e.g. to see the evolution of a
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R

pathology<~ There is a definite need for retrieval of films as 70% of

the patients have already been in the hospital, and have an archived

file (ref 4-2).*\\\_Mf/

\
Another problem is the loss of films. Sources of loss are
NUMErous: films taken out for conferences, or teaching ( 20,000 a
- . . . » r
year ), incorrect filing, due to changes in patient name. We note

that 91 percent of the films are retrievable, 96, % ultimately

retrievable, and 4 % lost (ref 3-2).

LOSS OF TIME, FOR RADIOLOGIST AND PHYSiCIAN: Because of the one
day delay,. referring éhys;cians who want a result sooner come to the
radiologist's' office, tol get information, and disturb him.
Radiologists are therefore particularly interested in a system for

storing, and communicating X-ray images (ref 3-3).

3.2.1 Goals For New Systems

Several benefits would be expected from a new s&stem for storing,

disﬁlayihg, and retrieving X-ray examinations:
1. Increased physician productivity.
2. Reduced data handling costs.
3. . More effi;ient management and accountability.ﬁ )

4. Sharing of the same data by multiple users.

5. Increased quality care by faster and more accurate decisions

and decreasing patient diagnostic, and treatmént time.
[
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6. Integration of new techniques such as CAT scanners ( Computer

‘ PAGE 18

e
<

Axial Tomography), NMR ( Nuclear Magnetic rescnance ),
Nuclear medicine in a single integrated system. This,
unification would provide simultaneous access to all the

different elements .Gontributing to a diggnosis. As an

[
-

example, currently, Cttawa Civic Nuclear medicine department

works independently as .integrating it. into the Radiolégyr.
department would,slow-}t dpﬁﬁl

3

- . e b

3.3 INTROSUCTION TO DIGITAL METHODS S S

The intrb@u;tion of digita jia networking in the hospital
hopefully off;rs ﬁew possiBiliLie; , the medical cémmunity. The -
Eundaméﬂtal novelty is that X-ray films\will) be digital and dispiayad

on a. di;play‘ device, the CRT. The .1gitization process and video
Aisﬁlaé.impose parameters, such as sampling distance, refresh video

rate, which contributes to tgf characteristics and quality'oé tﬁe
digital‘image. We first describg the digitization process; later, 7we"

relate these parameters to the.clinical value of a digital image, i.e.

it's ability to reveal lesions, and diseases.

/ ' L

3.3.1 Sampling And Quantization
A

The term analog image refers to a continuous two dimensional
light intemsity func£ion, £(x,y), x and y being the spatial
coordipates. We are concerned with monochrome images, In digital
image processing, we deal with arrays of numberst_bbtained by sampling

an analog image. The sampled image S(x,y) is written as:

S(X,Y)= _ Z 8 (X-itA'X;Y—jnAy) - f(x'y) Def 1
N ' . —~
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. , ’
where S;is the Dirac function, ‘aid X, Y the sampling .intervals. The

t

Nyquist law (ref 3-4) gives a sufficient, but not necessary minimum,

for X, and Y. The sampled image, array of number F(i,j), is defined

-

- as : ¥ o

F(i,j)=8(i,3) 935' =
Measurement of X-ray film quality (ref 3-5), and Nyquist ‘criteria
gives a sufficient sampling of 14 cycles per mm,; this results for a

t;!Gitional 14 x 17 inches film in an array of dimension 5000 x §000.

Each sample must be discretized, using a quantization process.,

During this process, the light amplitude of the sampled pixels -are,

compared to a set of values, and replaced by a discrete value, the
’

gray level.! Commonly, the value attributed to the sample is chosen in

2%*n equally spaced gray levels, n being the number of binary

registers used to represent the sample.

Digitized images might . be displayed . on a CRT. The

characteristics of a monitor are the number of pixels being displayed,

and the refresh rate. Flicker, due to .temporal variations of the
\ L

luminance of the screen, damages the image perception, i.e. the

ability of the screen to reveal fine details. Studies from De Lange

(1958) .sHow that flicker senéifivity' is maximum @&t around 10

cycles/sec, and cuts off around 60 cycles/sec. Common high resolution

monitors provijles 1000 x 1000, 60 hertz non-interlaced images.

3.3.2 Image Manipulation -

“An ¥-ray film has an extremely wide range of gray levels. . In

o

chest . X-rays, the ratio between dark lungs, and bright mediastinum is
1000 tdh 1. Reproducing this range on a film is difficult. This

problgﬁ( has been studied extensively, and many techniqués have been

/
(
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used, to reduce the dynamic range (ref 3-7): Higher KV exposur (moge
dangerous fﬁof the patient}), unsharp masking (requires sevegal
exposures), X-ray beam scanning (requires ionger- exposure, that

increases motion artefacts). None is in widespread- use.
N . E

The introduction of digital technology provides new alternatives. __—
« ‘
Image enhancement techniques might process an image, so that the

result is most suitable for an application.  This is currently being

done, with the CAT scanner (Gomputer Axial Tomography), which performs .

some image manipulations, anc ast enhancement.

3.3.2.1 Background In Image Manipulations - Common types of contrast

enhancement techniques are histogram modification, spatial freqiency

. b ] ‘
filtering, and pseudo coloring (ref ‘3-6). "The histogram provides a

global description of the gray level distribution in the image. Let
s(i,j) represent the gray level in the image to be enhanced, and

r(i,j) the gray'-level of the enhanced image. One ﬁype of image

enhancement, histogram modification, transforms the gray levels of the

input image by a spatial invariant functiom T, s=T(r). This technique

is known as Look Up Table ( LUT ¥; in the imaging system, the transfer

function is usually in a table which stores for every input gray level

the corresponding output gray level.

Some enhancements are performed to use the whole available gray
' r C »
level range. An image with a constant histogram hds an optimum use of

the gray level range. Histogram equalization ‘technique, which uses

a

the equalization of the histogram as the transfer function T, provides

an output image with a constant histogram (ref 3-6).
r
7

h(r)= histogram of the original image f 3
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P A'similar technique is histogram hyperbolization. It is based on the

. )
. difference between the physical luminance and- the perceived

physiological brightness, after processing by the human visual system.
o
- . 4
To have & constant brightness histogram, the physical luminance should

be hyperbolic (ref 3-12).. The transfer function T is then as follows:

T(r)=c ( exp[ log(1:+1/c) J:h(t)dt] -1)

h(r)= histogram of the original image ‘ Def 4

-

Another alternative is histogramlspecification, which tramsforms
the gray level distribution of the image so that the histogram of the
transformed image approximates a 5pecified' shape. ‘,For example, an
underexposed image could be transformed so that the transformed

histogram approximates the one of a properly exposed X-ray image.

Spatial frequency techniques, which enhance jimages by amplifying
certain spatial frequencies is another alternative. The most common
modifications are low pass filtering, or "smoothing, and high pass

filtering,. or edge enhancement.

(/’ Both techniques have been tested with X-ray imagés (ref 3-7), but

the " results are not satisfactory. For a chest X-ray, histogram

equalization enhances perception in the mediastinum, but details are

"lost = in _ the lungs. Similarly, high pass filtering enhances

//,/ﬂ—\/ffzﬂiiiigiﬁifum, but increases also the background surround in the lungs,
: R :

making devection of lesions more difficult in this area. More
L .

generally, global modifications do not work- well because of the

diﬁfereﬁt gray level structure of the different anatomic parts.
-#, : -

We have presented so far processing techniques for monochrome

LN images: The motivation for using color is the superior performance of

the eye.when interpreting color versus monochrome images (ref 3-6).
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Colors permits a better perception on fine densiqy differences, using

Pseudo Coloring techniques which attributes a' color »to‘ each gray

\
level, or permits to add extra inform&tion on an image (temperature of=

the body, ...). However, cdlour technigyes are not in widespread use “\\g\

. in medical practice.

3.3.2.2 Manipulations Currently Available - Onb= digitah\ ‘medical
R * - d
equipment, such as CAT scanners, contrdst enhancement is commonly made

through piecewise linear LUT, controlled by two parameters, range and

window. The user adjusts these parameters to visualize correctly the

zone of interest (fig 2). A

LA

- A
1 A
5
Qutput ,
gray level . l
- \
0 1
Input gray level ) ’
t .
Fig 2 - | .
. . ’ '9

This technique pight also be used for gBnventional digital X-ray
films. As 'an"e ample we conside£ a chest X-ray.  The histogram
consists of 3 peak', corfespbﬁding to the 3 parts of , a chest film:
lung, mediastinum, under diaphragm. To ge£ thé information from the

film, radiologists would have to adjust, and use, cdnsecutively 3 LUTs

(fig 3 ) which is time consuming for the qsef.
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* Mediastinum/ Sub diaphghgm
.
prebability of Luyhg
presence : ~
TI . )
0
<0 Gray level 255

Histogram of a chest Xray image
Tl enhances Lung 3 .
T2 enhances Mediastinum .
T3 enhances Sub diaphragm
Fig 3 . ’

- - - /.\)

-

3.4 REVIEW OF THE STATE OF THE ART OF DIGITAL DEVICES

Digital equipment, and office automation techniques have been
introduced in the Radiolégy environment, and have offered new
alternatives for the image and report display, storage, and

communication. We now examine some of these devices and their abiljty

and suitability for managing Xray examinations within the hospital.

3.4.1 DIGITAL VIEWING STATION

-

4

A digital lightbox has been developed, .using a VAX 750 coupled to
an image processor GOULD IP8500 (ref 3-1). The system displays up. to
6 digital images simultaneously (512%512, 8bits/pixel). | Image
procpss}né software (zooming, roaming; gray level modifications) is

available. The active file, a 554 mBytes Winchester disk, stores 1500

images, which represent the most recent 300 procedures. Inactive
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files, for archiving, are stored on magnetic fapes. Archived images,

may be retrieved within 30 minutes.

’

This system has been clinicall{vﬁypefémented with some success,
but this digital lightbox is not connected to any network, the system

does not solve the-basic problem, the unitity of an examination.

3.4.2 DEC-RAD (ref 3-8)

This system, developed by_ a ‘collaboration between Digitai
Equipment; and RISC ( Radiolog& Information System Consoftium:_ a
group of major US medical ceﬁt;rs, which intend té promote sclutions
to fadiolpgy information managemeni;fthrough,Khe use of interactive

-computer systems ). has been designe&*go manage the diverse activities

of a Radiology departmenE, in one centrally located standalone system.

The system coordinates different facilities:

1. PATIENT REGISTRATION: A patient having an exam ,ipn the

hospital is registered on the system; both administpative—and
medical data are recorded. A folder is ‘then creathd, for
film 1library management, and to provide a complete t;ackiné

oW

of the patient.

2. PATIENT TRACKING: fhese facilities are used to minimize = the
examination's deléy.for the patiént, and optimize the use of
expensive medical devices. With the operator manual ;which
contains. ailed informatio;s on each type of exam
(duration,  necessary resources, ... ), a timetable is
scheduled. Conflicts are displayed on the screen, but are to

be solved by the operator. The program checks if récently

performed similar examinations could suffice, or if any
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, current exam or medical treatment may lead to a

contradiction.

3. 'FILM LIBRARY MANAGEMENT: DEC-RAD maintains data on the

v location of each film in the department, or in the archives.
The films are classified within folders. For each patient,

there .is a master folder, containing all the related exams

plus sub-folders, to help in retrieval ( date, type of exam,

part of the body, ... ). Additional help is available, to

manage inter library loans.
o

PORTS MANAGEMENT: DEC-RAD provides services for the
création, distribution, "and review of diagno ticbreporfs,

which are the textual descriptions of the film, ‘jproduced by

N\

the radioleogist. They are available on line fo e doctors

who have a correct access privilege.

5. MANAGEMENT: Billing and administrative possibilities are
available, on the system.
L]

6. PRIVILEGE, SECURITY: Every user has ~different access

privilege. . Dockgrs™have access to all medical data, but
[4

administrative staff] clerks, receptionists only have access

S .
to billing, scheduling data. .

.y

THIS DEC-RAD system is useful for the organization of a radiology
- + - .
department and is in service in several hospitals. However, this

system does not display X-ray images, dnd 'does not permit

communications between radiologists and physicians.

4.
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3.4.3 RTAS (ref 3-9, 3-10 )

RTAS ( Rapid Telephone Access System ) has been developed by

Sudbury Systems Incorporation; to address the problem of the time

delay involved in a physician. obtaining typewritten K-rdy reports..

Since a4 telephone is the most familiar piece of office equipment and

requires the least amount of user training, it was used as a ‘basic

terminal for the RTAS system.

RTAS consists of a central host,‘which stores the X-ray vocal
. &

reports, and allows physicians to listen selectively to a designated
P .

report, from any telephone. There are a number of different types of

s -
access: o :

1. the radiologist access is a dictation station, which uses a
N L

traditional touch-tone telephone. The radiologist types the

patient ID {(or patient birth date), and then uses the phone

as traditional dictation machine, with extra editing

—_— -

capabilities ( playback, rewind, insoriing, ... ), driven by

-

the touches of the telephone; o

" 2. The referring physician access: a telephone, to listen to a

selected report.

3. the transcriptionist access consists of a phone, plus the
(_1 -

standard pedal, and earphones.

4. a8 manager access is also available, for billing, or any other

relevant statistic data;

8
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The host is a PDP 11/34, with a 100 Mbytes Winchesﬁﬁf disk. The
voice is digitized at 24 kbitﬁ/sec. The system may serve up to &40
radiologists simultaneou;ly. plus 10 typigt, and 20 referring
-phygicians. Fuﬁure extqgﬁfbns would ge to link RTAS with the PBX of
the hospital, to achieve a complete messaging system. The limitation
which cannot be dvercome is that the physician does not have access ‘to

a film, nor to a radiologist,.

3.4.4 NETWORKING (ref 3-11)
& .
Communications, with the films, between the referring physician

and the radiologist are common. Nowadays, a physician goes‘aéd sees

the radiologist with the film. That cannot be done with the digital
data’ of a CT scan. }b solve these problems, rq. CT-NET, using
commercial digital networks, has been developed,.to connect tggether
différent GENERAL ELECTRIC CAT scanners to a host computer, which may
redistribgte the 'data among -the scanners, or amdng evaluating
workstations, where an expert radiologist could .diagnose an

examination, only supervised by technicians.
-

.
-,

3.5 GOALS FOR OUR PROJECT -

The purpose of our project is to develop a digital system for
displaying, storing and communicating X-ray images, and reports. -

Multimedia technology is necessary because & gurrent X-ray examination
!/

involves several media, as seen in the prevfous paragraphs:

-
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1. IMAGE: the X-ray films

2. FREEHAND SKETCHES: It is of interest to add handwritten

annotations, keyword or sketches, on an X-ray image.

3. VOICE: Once the di&gn05$f is completed, the radioclogists

dictates a vocal report.'7

/
4. QUANTITATIVE DATA: Sizing and shaping in the film would be’
appreciated by the medical community. For example previous
sizing and shaping a tumor would minimize ‘the duration and

risks of a surgery.

5. TEXT: Any relevant information concerning the patient might
gave to Qe typed in a medicdl’document (patieﬁt hiséory,

circumstshces of an accident, ...)

b Y

6. FACSIMILE: It is used to store any sheet of paper related to

the medical document (lab reports, external reports, ...)

“The goal of the project of the University of Ottawa Electrical
I . -

Engineering deéartment‘ is to to build a communication sysﬁem which '
would integrate these different media into a single workstation able
to manage therefore a complete R-ray examinétion. + The problem of
Xlray manégement for the whole hospital is too;complex; because of the

amount of data, and the very intense data flow “to be managed, so a

subset representative of the whole problem was chosen. The project is
therefore a communication system which would link the R&diology-and
the Emergency department. Currently, the ﬁmergency department
requires that a spends most of his day physicaily in the Emeréency
room. The typesiof physician/radiologist relations in the emergency

-

environment should be much the same as those from a physician in other

~
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departments. Moreover emergency services require virtually all

specialties. The .amount of dats to be stored would be reduced to the

medical cases of whe patientﬂ in the Emergency department.

We therefore propose to implement two multimedia digital

radiology workstation which would provide the remote communication of

"X-ray examinations between the Emergency and Radioclogy department.

i
4 -

!

» -
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CHAPTER &

XRAY IMAGES QUALITY

4.1 INTRODUCTION

In our proposed system, radiologists make report witﬁ digitized
X-ray images, displayed on CRTs. This is a major change, since X-ray
images are currently displayed as analog film sheets. We therefore

]

have to compare the quality and performances of each method of

display. One very important parameter is image quality; image

> . L} L} - . z !
quality, the starting point of a correct interpretation, is degraded

.

by noises. We review the noises introduced in the process of creation ~

of the film, at the different stages: formation qutﬁé/k-ray beam,

penetration in the body, X-ray detection, film processing, and film
display. Digital images implies a supplementary'digit}zhtioﬁ step.
We detail the sampling and quantization noises, and their effects on

the image quality degradation:

We then demonstrate the necpssity of introducing the notion of
clénical value af a displ system, i.e. the abilit§ of the images to
reveal diseases, and shoﬁ_normal structures. Wejéonceive. and perform
experiments which measure the clinical value of our proposed imaging

system, and determine the resolution constraints which would give our

proposed system the ability to replace analog film -sheets, in
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radiology.

-

4.2 BACKGROUND ON FILM'S QUALITY .
4.2.1 Noise Sources In Xrays

Noises are introduced at every step in the image creation

process, as shown on fig 1. . .

Beam Studied ohject Xray detection )
Characteristics . —

-

. . y
Image processing . S&m.phqng o
= Digital Analog coriversion

Digital Radiography

- et

fig 1 - L ﬂ?
INPUT NOISES: Image qualify is limited by the quality of the input

S

source. Photon source is - subject, by its nature, to ‘random
fluctuations. Two types of inhomogeneity occur ( REF 4-1 ): -
-Geometrical unsharpness of the incident beam, due to the finite

size of the focal spot.

4

-photon fluctuations, in terms of flux, and ené{gy distribution
. _ .

(fig 2).
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b

'R

. ’ : ) fig 2, ref 4-2

SCATTERING: scattering may introduce very high 1levels of noise, .

since, the scattered fraction may be as high as 0.9 ( ref 4-3 ). Fig -
3 shows the scattered fraction, for a polystyrene phantom, simuluting

the variable thickness of tissues in the chest.

i

SCATTEA FRACTION
’ w
o

1 | 1

1
(v} .S 10 1% 20 e
SIDE THICXNESS,Y {cm) ‘

fig 3,-ref 4-3
Anti-scatter grids -are used (see fig 4) ‘to attenuate this
_problem. However, even with the best grid, scattered noise remains.
Without a grid, the scattered fraction is 55% for the ldngs. and 91%
these

for the central mediastinum. With an efficient grid,

percentages are reduced to respectively 26% and 57%.
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Contrast improvements factor is defined as:
X-ray contrast with grid
K= -----cv--- i e Def 1

_J/ﬁ“~‘”\9 X-ray contrast without grid
However, it is very difficult to specify since it depends on too many

factors (Kvolts, field size, thickness of parts, ...). Scattering

+

decreases direct detection, and sends photons elsewhere.

Deconvolution ff*ﬁi;fmqazgz:332££DCtive’ since scattering . is not a

convolution process.

.S
;

. : A Xray Cassette
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fig 4

NOISE IN THE DETECTION SYSTEM ( REF 4-4 )i Film;\Vare far more

sensitive to light “photons, than to X-rays photgns. X-rays 6hotonsh

are therefore first detected by a phosphore layer, whichur;reétes
. Al - .
visible light photons, detected by the film. Fig 4 shows the

structure of a traditional Xray cassette. This ipcreéses absorption

up to 4000 times: the -sensitivity of the film is maximal in the

spectral band of the light emitted by the intensifier (fig S).

-
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fig 5, ref 4-4

There is a number of noise sources in this process:

1. The detection layer has a’finite thickness and

are undetected.

2. Light diffusion

are created.

3. scattering, or collisions in the detection layers,

.

are undetected, or detected elsewhere (fig 6).
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4. Correlated noise, ‘due to the finite area of the detectors (1

PAGE 35

to 2 Microns), i.e one photon exposes several grains.

~_

errors

5. Quantum noise, related to internal photon bhxgpbs

6. Noise due to improper chemical processing, handli
#

(accidental light saposition), unappropriated sftoring of a
film (too humid). One consequence is a blurrdng of the

v

images, called fog by the radiologists.

7. Digitization noise ( REF 4-5 ) The samplihg
‘quantization process introduce noises, and aliasing.

digitization process has been described in detail in Chapter

4
’

‘3.
NOISE RELATED TO THE.HUMAN VISUAL SYSTEM ( REF 4-6 ) )

Human visuval perception is performed by coneé, and rods, the
spatial resolution capacity of the eye being related to the density of

these visual captors on the jretina. This. density is maximum in a

limited zone of the retiha, the fovea: most of retina's cones are

concentrated in the fovea. The eye moves to place the objects of

interest in the fovea. Contrast resolution of the human visual system
relates to the psychological response ( brightness ) to a physical

‘contrast stimulus ( luminance ): The eye is sensitive to a very wide
. . y .

gray level scale, but to only -+2 dB at a giﬁen moment . A delay is

needed for the human visual system to adapt to a great change in

luminance. With an increased luminance, visual acuity increases and

since the pupil diameter decreases, optical distortions decrease.

A
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The performanQe of human visual system is mgasure& by Contrast
Detdil 1éxpériﬁents which takes into account the interdependence of
spatial; and contrast resolution. Contrast is defined.as the peak to
peak luminance, relative to the mean, and contrast sensitivity as the
inQersé of the contrast necessary to .produce a threshédd' le;el of

detectability. The Contrast Detail analysis graphs the limit of

contrast sensitivﬁty VS spagial frequenby (fig 7).
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fig 7, ref 4-6

. %ith the high contrasts available on a video monitor, the. -eye |is

sensitive to spatial frequencies up to 50 cycles per degree, which
translates into 15 cycles per millimeter,‘ wikh an observer/video
monitor_distance of 20 cm. Representing this spectrum Eould reqﬁire a
&igitization step of 30 cycles'per / mm ( Nyqd;si law 5, i.e. an
imake of 7500 * 7500 pixels for é 25 * 25 centipézé;s screen. Digital
inages of lower resolution are therefore not degraded by the ‘human
vi$ual sfstem.

.

4.2.2 MEASURE OF FILM QUALITY ’
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The different noises degrade the quality of the image. We
. N

’ o=

present now the methods used to measure the physical quality of

images.

-

5
4.2.3 Contrast Performance *

The luminance of an Xray image is determinedbby the intensity of
the incident iight, and by the density of a film, defined as:

Incident light density
Density= Log ---=--=-==-=cc--- Temmm——————— def 2
: Transmitted light density

)

and the contrast as peak to peak luminance divided by the mean:,

- . Max_luminance-Min_luminance
Contrast= =~---mwecccemccccmccmnnccucnn -- def 3

Mean_luminance

-

. !

It depends on many factors such as thi&§ness of the patient, scatter,
exposure time, and the type of film used. The films are classified as
low-contrast, or high contrast film, as a result of their reaction to

exposure (fig 8). ) f
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4.2.4 Upsharpness ( REF 4:-2 )
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Traditionally, in the medical community, the performance of an

xray imaging system is measyred by its unsharpness. Unsharpness is

defined, and measured as the response on an image to a knife edged

object

(fig 9).

It is generally admitted that a good system has

unsharpness inferior to 1 millimeter.

Stimulus

5

. Unsharpness

Respofise on the fim -

LA .
Ea¢h type of noise contributes to a unsharpness

- Geometric unsharpness (Ug), due to the finite size of the focal

.-

ares

oy _OCal area Focal plane

J Y
FOD .
“Jggxzu B
A 4 Object plane
Y
OFD - -
1
4 Film plane
Geometrital unsharpness )

-~/

fig 10

FOD = Focal Object distance
* OFD = Object Film distance
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As an example we calculate the geometric;l unshérpness for the system
shown in fig 10: Focus=2mm, OFD=20 cm, FOD=140 cm, and tﬁe calculated
unsharpness=.15mm. To reduce geometrical unsharpness; we have to.
(’/// increase the Focus Film Distance. However, excessfve increase would
) result in too long an exposure, which implies higher .dosage for the

patient, eqd higher motion unsharpness.

- Photographic-unsharpness (Up): as seen in Fig 6, the 1light is
divergent, in the image intensifier. Typical values range from

108mm to .4mm
. ) *
- Motion unsharpness (Um): No general value may be given, becaise

it depends on the patient, and on the part of the body being

examined.
.

The nofal unsharpness is defined as:
- _ m m .m 1/m
Ue= (Up + Umn +ug )

- . : L.

where m=1.55. Typical value for Ut, “is from .5 to 2.mm.

4.2.5 MTF (Modulation Transfer Function) ( REF 4-7 )

MIF is & measure of the spatial resolution capacity of an imaging

Lo

o system. In & linear system, the output is related to the input by:

L]
.

OQutput (x,y)= Input (x,ys * £(x,y) | f(x,y): transfer function
Output (wx,wy)= Input(wx,wy) x F(ux,wy) in the spectral domain
| * convolution operator | . -
Def 4 TR
The MIT is the modulus of the transfer func;ion. Fig 11 shows the MTF

. , . ,
of an analog imaging system. The screen/film system measured is a

Kodak Lanex regular/Kodak T-Mat G. ' .
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The capacity of a film is also inflﬁencéd by its

performance.

Fig

¥ T
b
1 [}
3 -
Cycles mm™

fig 11, ref 4-7
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contrast

12 graphs the density of a film, as a function of

log Xray exposure for the screen film system, and as a function of log

lighq: exposure, for the film. The Contrast Transfer Functioﬁ ( CTF )

<1

proGIEEE\ 8 global analysis:

performance of a film (fig 13 ).

it graphs

spatial,

L]

4 5

|

7
K
Log@ -

9 :'C}Qﬁhzbq /e

&

fig 12, ref 4-7
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Ly

fig 13, ref 4-7 ¢

- MTF has been calculated for a'digital chest imaging systems ( REF
4-8 ). However, the overall MTF of a digiral system cannot specify

the resolution properties in the same way as can the MTF of an analog

system. Aliasing causes false 'increases in the MTF, which do not

correspond to any gein in resolution (fig 14). Two digital systems, -

with different digital parameters may contain similar MTF, but will

not produce similar images, for the same input.
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4.2.6 DQE, NEQ

-

DQE ( Detection Quantum Efficiency ), and NEQ ( Noise Equivalent
Quanta ) are used to measure the>efficiency of the input quanta'of :
energy fREF 4-9 ). NEQ, per unit area, is the equivalent number of
input quanta, that, for an ideal imaging system, would give the same
SNR as the real exposed quhntat aegraded in information, in the actual
imaging system. NEQ is a function of spatial frequéﬁc;. Quanta

available at low frequency are not available anymore at higher

frequency (fig 15).

; ‘.“ -
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. , . ) 1

o ? . P L
Fegpgea sy faprin iyt

. \ . | fig 15 93311'3

A ————— e

DQE is the NEQ, multiplied by the actual- exposure quanta Q:
DQESQ * NEQ. It's equivalent to define DQE of an imaging system as:
( SNR out ) 2
DQE= (-----=----- ) Def 5
( SNR ideal ) >

DQE measures, therefore, the performance of ‘an imaging system,

related to the ideal observer, i.e. an observer which does to add

noise to the observed image.
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4.3 INFLUENCE OF FILM QUALITY ON DIAGNOSTIC'S ACCURACY
It is generally admitted that the diagnostic accuracy is related

to the image g REF 4-4 ). However, increasing the film's

-

physical quality does not systematically translate into a higher

diagnostic reliability. easurement of digital radiographic imaging

systems have been made ( REF 4-5 ) and degradation, i.e. a loss in
resolution capacity, has been reported. However, no reference has
been found which measures the influence of the loss in resolution on
the® diagnostic accuracy. One approach is to ‘use bsychbphysipal
analysis, i.e. measure the aEcﬁra;y of radiologist reports, rathér

than straight physical measurements. Thlis is the approach we plan to

follow for determining the quality requirements for our ~ proposed

imaging system.

4.4 EXPERIMENTS ON IMAGE RESOLUTION

v
~

4.4.1 State Of The Art _ o - N

. ‘The quality of a digitglﬁimége dépends on.lqontrast and spatial  ‘1
resclution. The amount of resolution’rgquired to enable fadiologisﬁs
to have with digital images the same diagnostic' aCCupac; as tusihg‘
- film) impacts directly on the requirements for the medical ég#ipment.
To have a faster, easier, and less costly equipment for imagé &isplay,
storage, and transmisgion, we want to keep the amount of digiéized
information to a minimum._'The spatial resolution of an aﬁalog sheet, .
due to the granulosity of a film, .is about 4000 * 5000 { ref 6-10 ),
for a tfaditional 14 * 17 inches fiim sheet.. Thi:h‘resoluﬁion, for
~digital images, Qould pose technological problemg, in terms oflimage

display, storage costs and volume, and is pfobablj not required. It

is important to note that additional image manipulations and contrast
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enhancements in a digital system. provide advantages which may

compensate the decrease in spatial resolution.

First experiments has been.made to measure the diagnostic ability
oflanalog images displayed on a video monitor. Experiments were based
on thé detection of lcm nodules in'a-qhést Xray ( REF 4-12 ), or
detection of of fractured bones ( REF 4-13 ). The images were

displayed on a 1000 lines video monitor. Both results show that the

Tt

video display has sufficient Contrast Transfer Function to permit

detection with similar aqcuracy'as analog film, and that. analog film
and video monitor differ wvery little in their ability to transmit
diagnostic inéormation. '_A high variabiiity of.'responées between
bgéervefsr sqggésts that training is required for rad}ologists to work
withla video monitor.' |

S
.

| Experiments have been done with digital images. SEELEY ( REF
4-10 5 ;ompared. _fér'IChest xray exams, the diagnostic capacity ok
analog film to.digital images of resolut%on ranging from 512 *+ 512 12
bits, to 4096%4096,12 .bits. ’Since present day technology cannot
display a 40§6*4096 resolutidn én a 'vidco monitor, and ﬁo avoid
training session to video xray images for the involved ;adiologists.
. alf the'diéitized images were reprinted’ on cqﬁventionél- xray film.

sheets. Thfge evaluations were performed: ©  measure of. the
normality/abnormality disc¢rimination capacity ;f .an im:ging system,
rating of the visibility of no@al anatomical structures in an image,
and recording whether the radiologists would agree to use digita]
images as a replacement of the “film based-system. A pilot study
combining the results of the three evaluations concluded that a 512 *
512 resolution was insufficient, 2048 * 2048 was perfectly fine, and

.

4096 * 4096 not necessary. 2048 ** 2048 is therefore probably ‘the

.



PAGE 45

upper limit of spatial resolution that will be necessary as a minimum
spatial'resblution requirement, for digital xray imaging. It 1is

possible that the resolution is somewhere between 1024 %1024 8bits,

and 2048 * 2048, 12 bits.
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CHAPTER 5

TEST-BED FACILITY

LA -

5.1 INTRODUCTION _‘ B

- . .

—

To determine the requirementé for imaging parameters rsuch as
contrast and spatial resolution, and eventually instal a prototyﬁgl
within the hospiﬁa], we have developea a test-bed facility, WQ“chose
“8n  image display system which provides the necassary_facil'tyj namcly."

a high resolution display, a local mass memof&, a fast dafa transfer,

ahd which allowed us to- add existing technolég 7/ in terms of

networking and multimedia.

5.2 HARDWARE . o \\__.—f"""““-~x\h_‘_

Our hardware consists &f a high resolution graphic.- processq(4 
MATROX GXB-1000, and a host computer INTEL 310 with hard disk storage,

linked through MUﬂTIBUé. MULTIBUS technology has been chosen because

of its convenience for image transfer ( high rate data transfer ), :;;55\\‘
because of the available MULTIBUS compatible boards, for networking ¢

.link to ETHERNET ), and voice processing.



Rmb-1000 1

Rmb-10002

Rmb-1000 3
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The MATROX GXB-1000 consists of:

- IMAGE MEMORY: the system provides a 1024 * 1024, 12 bits

pixel frame buffer. This memory is divided ip three RMB-1060
boards, each storing 1024 * 1024, &4 bits per pixe:.

per

- VIDEO PROCESSOR: The digital to analog conversion, and the

. .

video formatting is done by the AXB-1000 board, which contains an
8 bits, real-time video DAC, and a “§ideo .controller which

generates the video signal from the image memory.  The

specifications of.fhé video éignal are .under software control.
The 60 Mhz clock which dr%ves the MATROX system limits us to a
900 * 700,-8 bits per pixel display, with & refresh rate of about
50 images per. second, "noninterlaced, which provides an almost
flicker-free imége. Built-in roam allows to tmove the diéplay
window within the wholé image. Several layers of Léok Up Tables
( LUT.) perform the 12 to 8 bits réductipn and eventual contrast
(fig 1). Four additional window LUT allow to

modifications

A

process separately different window in the global imagé.(rﬁggj;"“ﬁ\\\,

organized the image memory as an éight bit/pixel image, plus a

cne bit map graphic overlay. )
4 bits nput

[ 4* 1 mega Bl?gfroumm

[ _ i Window LUT Color LUT

“4 & Dits igput ORed | | 8 bits input DACs

4* 1 mega 8 bits output /'K shisoput— gl b and
LUT ram Overlay LUTs ram GVideo
eneralor

H_‘? — . “
AN
N
4+

4 bits input
8 bits output

LUT ram

1 mega

Fig 1
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- A graphic processor which performs =zooming operations,’ and

line, character generation.

- 'rhe VGH 1000 board which supervises data tznsf@etween video

memory, and MULTIBUS. A Direct Hemory Accesd, { DMA ) is provided

between the MATROX image memory, and th memory, through
. N

r_mLT'IBUS . . ~

These functiqh&gfre available through OP-cqfes. A set of MATROX:

commands are stored in the memory of an host computer at a defined
LY

memory address. When the' MATROX receives an 'execute' command,..

_\

followed by an address, it looks for the OP-codes stored at this

. -

L

address in the host computer memory, ‘and executes them.

HOST MEMORY

| »] 6&xB-1000
(Cp codes)

) Fig 2

A INTEL 310 drives the MATROX) which X% not a standalone system.

It also; provides user interface, ‘the, disk storage, and
provides communications with the exter ?1_ wopdd, through a RS 232 -

v

serial fbort. Digital medical images are available on & tape, stored
on the department VAX, which are transfered .to the INTEL 310 hard
disk. Direct Memory access is also -provided betwéen.ﬁhe disk stbrage,

.

and the INTEL RAM. »



The INTEL 310 consists of:

- CPU INTEL 86/30, with 128 kbyte ‘ram Ve

- A'supplementary board of 512 Kbyte ram.

RS 232 serial port.
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~ Disk contrgller} which controls: a 10 Mbyte system disk, a 40

Mbyte image di;k, and a floppy unit.

40 Mbytes
Image disk

10 Mbytes | |
disk {

Floppy

VAX Mouse

Disk
Contrgollcr

Video monitor

512k ram —l

- 1000 lines
Ve :
rs232 line L\
Intel 310 A:r_LHUIEEIISUS
‘ 128k ram A N ="
4 RMB-1000 -1000 | [VGM-1
P boards bo: board

§Fp— MULTIBUS

SYSTEM OVERVIEW

Fig 3

S.3 SOFTWARE ORGANIZATION

A software package was written, to run our specific application

on the MATROX graphic processor. We group the software modules in

. L3
several different areas:

- Disk storage management and data transfer between disk and image

memory .
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~ Graphics overlay S, .
- Image manipulations

'- Communications with the world

- User interface :
i
»

.

We now detail these gifferent areas. To get a well organizeﬁi
;oftware; we use a hierarchical approach, i.e. we first describe the
high level user functions to be peffgrmea,.and thén‘their ’co&étequrﬁ
in terms of basic functions to be performed by the system.

-

DISK_STORAGE MANAGEMENT: We have to store on the disk a

collection of images, and disp}ay on the screen images selected from
this collection. {The functions to be performed are therefore: .

- Organization of the data on the disk, creation of a directory' of

-

the images.

,

- ansfer images from the disk to the iaaging' system. With our
syStem, the image has to go from disk to INTEL‘ram.‘and then from
INTEL ram to MATROX image memory}fusing 2 separatc DMA processes.

- Transfer images from the departménﬁ's VAX'onithe intgl image disk
(VAX --» RS232 line --> Intel ram -->.Intel ipage disk).

GRAPHIC OVERLﬁY:. We provide to the user the possibilityMesf

'

adding handwritten  sketches on the image. . This will not be

implemented in the first version of the system. -

-

IMAGE DISPLAY AND MANIPULATIONS: Image manipulatién is one of
. . . RS -

. the parameters which can influence the image quality. With our

system, we want to tesL the usefulness of differcnt §conttastff

enhancement techniques. From the previous chapter, we note that

~ traditional techniques applied to the whole image do not work “as the

~
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image  is composed of several structures with different
characteristics. Our éroposéd solution is to use thes; cpnventional
techniques on sgallegzwindow from the whole image. The histogram is
caléulated on this window, which lies within an area .of interest,
who;e visibility is increased by the contrast enhancement cqlculated
from the winaow's histogram.‘ The enhancement is extended to the whole
image, if requifed.: Fig 4 is an example of a chest Xray; the window
lies within the lung and improves the window's visibility. If the

enhancement is performed on the whole image, the wvisibility is

improved for the whole lung area. .

Fig 4

The contrast enhancement is done through Look Up Tables, which

are calculated from the histogram. We implement several enhancement

_ techniques, as described in the previous chaéter.

»
[l

~ Histogram equalization/ hyperbolization
- N .. ' “
= Linear LUT: the gray level range within the window is extended

linearly to the full gray level range
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- Logarithm / Exponential LUT: The gray level range, within the

window is. extended to the full gray level range through log/exp

LUT.

- Polynomial LUT; The gray level range, within the window is

extended to the full gray level range through polynomial LUT.

- Reverse video

COMMUNICATIONS: The Xray images are digitized extefnally. A

software package was developed to transmit images from the department

VAX to the .INTEL 310.

USER INTERFA&E: To have_a simple and friendly user system, we

developed a menu driven system, with a NICROPSOFT mouse. The user is

 guided through the different possibilities of the imaging system.



. CHAPTER & '
skpimx‘r;;ms ON IMAGE RESOLUTION .
6.1 GOAL OF OUR EXPERIMENTS . . C .

-

With our proposed workstation, radiologigts repo}t with digitized
films, displayed on a high resolution video monitor. We need to
evaluate the quality of digital images displayed on .video monitor in
terms of their cliniqﬁl value, i.e. the abilfz;'22 reveal diseases,
and show normal structures. Suitable criteria need to be defined;
one possibility is to use the diagnostic capacity of analog films,
measured by the accuracy of radiologist's report as a baseline;
against which digitally based sfstems ére compared. To be abI% to
replace the analog films in Radiology, the réports performed with
digital images have to be as accurate as the ones perfofmed‘with

analog images.

L)
We are interested in spatial resplution, contrast resolution, and

v

in the influence of image enhancement techniques. The question to be

answered is what sampling frequency ( pixels per mm. ), what

quantization levels {( bits per pixels ) and which image enhancement
techniques will be necessary so that a radiolpgist may diagnose

" properly. It is important _to consider spatial; ‘and contrast

resolttion as a single problem, as the two are interdependent.  _{ ref
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6-1 ). Image gnhancement is élso an important factor since it may
increase the diagnostic  capability, for a given- resolution.
Therefore, we want to know, from these experiments, what image

enhancements are usééul. We need the opinion of the radiologists to

\

distinguish between useful image manipulations and '

'improvements"

which make the image look better, but do not affyvct the overall
diagnostic cépacity. )
&

Results from the lite;;:are ( ref 4-10 .to '4-13 Y, 'and”

radiologists' first reactions to our digital images lead to consider

the resolution necessary for a correct diagnosis to lie between 1024 *

102@, 8 bits, and 2048 * 20&8, 12 bits. Our test bed facility has a
1024 * 1024, 12 bits image memory, and .a 900 ** 900 , B8bits display

window. The reduction of a 12 bits per pixel image to an 8 bits

. - T——
display is done through a Look Up Table procéss. A resolution of 1024

1024 , 8 bits per pixek would minimize the storage requirement and

e
e

the complexity of use. We therefore first quantify the value of a

1024 +.1024, 8 bits resolution and later ii\ij7é§;pry 1024 * 1024, 10
14

bits.

.
—

6.2 MEASUREMENT OF IMAGE QUALITY

6.2.1 - Preliminary

%

We compare diégnostiﬁ capability of digital images with that from

“analog film. The analysis is based on the measurement of diagnostic

accuracy, which'iis evaluated by compa}isén with an independant
.clinical verification ( Surgery{ Biopsy, .:. y. The aholé
experimental'pro;css is cbmpleted sepa:ately: with analog  film, and
with digital images, at differgnt resolutions. Digital images and

their related resolution charactéristics are acteptable

if the.

—

S

~

/
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diagnostic accuracy with such images matches the one from,analog

films.

6.2.2 ROC Analysis

A common method of evaluating diagnostic systems which has been

used by several medical-:centers  is ROC analysis: Receiver Operator

-~

Characteristfics 4-10, 6-2 ). The main problem ih measuring the

performande yof an imaging system is to elfminate the bias introduced

by the ra 'oﬂogist's decision criteria. ‘ROC analysis provides a
# .
measure of a diagnéstic system capecity, without the interfering

parameter of the radiologist's decision criteria.

6.2.2.1 Explanatiop Of ROC Analysis - -~

When reporting, a physician maintains & decision criterion, which
is influenced by many factors, unrelated to the imaging system. Prior
probability of the disease, due to patient age, work, social category,

as well as decision outcomes, i.e. . the consequences associated with a

+

correct, or incorrect evaluation will influence ,the diagnosis. A
false alarm is a waste of hospital services, and carries chance of
death, or disability from 4 needless surgery. A miss risks the

consequences of a deeper disease. The influence of .the criterion in

the radiologist's report is difficult to measure.

. -

; - , . A :
Because of this decision criterion, the problem of performdnce

P

analysis. is very complex. Many criteria, commonly ‘used, %ég

-inadequate (ref 7-2): : . ) _:

_ = Percentage of detected lesions ( number of abnormalities

detected/ total number of abnormalities'). This ratio depends on

decision criteria: for a lower ”. quality imaging system,
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. f&diologist might declare . abnormality leniently, to avoid any

chance. This poorer system would then have a very good ratio.

" - Specificity ( conditional probability of abnormal decision
knowing abnormality ), and Sensitivity ( conditional probability
of normality decision knowing normality ); we have one pair of
datd, but we do not know the trade off between these two values,

as the decision criteria changes ( specificity might be increased

gﬁﬁ a ‘lot with very little 1lost in sensitivity ). Moreover,

comparison between two systems is ambiguous (what

sensitivity/specificity pair is best: (0.9,0.3) or (0-.7,0.5) 7).

- A posteriori probability: Probability thét%thé lesion exists,

knowing it has heen detected. Again & strict decision criteria

gives g very high probability, and a lenient one, a low

probability.

ROC analysis measures the capacity of discrimination, i.e. the

capacity of an imaging system to discriminate. normality from

abnormality. A two hypothesis decision system is represented by a 2#2

matrik,'z possible stimuli, and two responses ( see fig 1 ).

FILM )
|-mstmmmm e |==mmme e l
| normal | abnormal i
B R bbb b bbb e L | ==s-mommmmmmm oo |
‘Normal | P(N/n) | p(N/a) I
) | True Negative | False Negative |
'RESPONSE | =omm o [ === mmr e |
: | - p(A/n) I p(A/a) [ .
Abnormal | False Positive | True Positive |
| :

G e EEDEPE ORI |
p(x/y)= Conditional'probability of x, knowing y
. ) .
.p(A/a) + p(N/a)=1 . p(A/n) + p(N/n)=1

Fig 1

ryY
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ROC.Analysis is based on the two indebendant probabitities:
True Positive, p(TP)=p(A/a) (Hit)
False Positive, ptFP)=p(A/n)l (False Alarm)

One point represent one decision criteria and ROC curve shows the
- \

relationship between these two probabilities, as the decision criteria

3

varies ( fig 2 ). When it changes, the point moves on the curve,

. . .

which represent the system's diagnostic discrimination capacity. A

y N vp - . - )
‘very-'stringent criteria, i.e. low false alarm, is a point lower left,

"

and a very lenieht, i.e high false alarm is a point top right.

L True Negative 0
1” |

Falgse
Negative

L

\ True
\ Positive

*

0 ’ Falsd Positive ) . 1
Ffg 2

If the curve is under the diagonal line, which represent equal TP, and

FP, the diagnostic system 'is worse than a random*system.

’ . . -

6.2.2.2 Index Of Accuracy - We now appreciate the different degrees

L

of diécrimination capacity. We take the example in fi% 3 , sketching_

three different systems. At a given false alarm rate (0.1», the hits

' change .(.3, .6, .8) for each syétem. A system is better. when the hit

rate is better, at a given-false alarm rate: discrimination capacity
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- . 1
" has increased.

One alternative to measure the. accuracy reflected in an ROC
Canalysis is to calculate the area of the ROC graph which that lies
_ beneath the ROC curve (fig 4). This index is termed Az. The bigger

it is, the better the imaging system is.

1 True Negative - 0
1 System 1 . 0
System 2
i
6 _
Toge Systfzm 3 _ False
Positive _ Negative .
J .
.4 7 ‘
1
0/
0 False Positive ' 1
s -~
v ﬂ
T Fig 3 ' '
. .
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¥ . 1 "~ True Negative
1 0
. True False
- Positive Negative
. 0 |
0 “False Positivé o ‘1
.,, ( linear graph ) . Area Az
‘ .
Fig 4

6.2.3 Numerical Example

We now detail the construction of the ROC curve. Let us consider
a simple diaénostic problem in which two posﬁible ;tates for the,
‘patient, Normal or Abpormaf. are to be reported by a_rgdiologist from
X-ray images. An experiﬁehtai trial is pérformed wifh a set of films.
The copditional probabilities p(TP) and p(FP) a?e: -
| number &f Abnormal f1]ms :eported as Abnormal

PUTP )= cmmmmmm e e e rcce e
. number of Abnormal films

number of Normal films reported as Abnormal
P(FP)= mmmmm e e e
. number. of Normal films : -

o7

LR
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Ihese two probabilities give a point on the ROC graph: A second point
can be obtained from another trial in which rad;ologiSts repeat the
reporting procedure with a differen; decisionr criteria. However,
tfying to determine+~ or modify. a physiﬁian's decisién criteria does

not make sense. An alternative is to déﬁﬁ;he diagnostician to give . &

confidence rating of abnormality, from 1 to 5:

-
I

1 -- Certainly Abnormal ‘_

2 -- Prcbably Abnormal ° .

3 -- Possibly Abnormal _ . ,l. ~ 7 .

4 --‘érobably not Abnormal ‘
5 == Certainly not Abnormal . E - ’ .

.A' N
The radiologist maintains several decision. criteria simultancously,

and we therefore obtain several points on the ROC graph.

-
. - .

An example is given in fig 5 to illustrate the process. We have.

40 cases:30 abnormal, 10 normal ( one case usually consists of two '

images). In a ROC TABLE, we record how normal. and aﬁno:ma] _fiims

have been reported (e.g. 7 Abnormal films have been reported as
Probably Abnormal):v We create a binary decision criteria by
éonsidering the rating 1 as Abnormal, and the ratings.? to 5 as

Normalz' The conditional probaﬁilities p(FP), and p(TP) are Lheréioré
equal respectively to .0, an'c_! .66 (fig 5). The ROC point (.0,.66) is
generated by a rela ively étringent decision criteria. ‘WQ then create
a mbre lenient decision critéria by considefdng‘] and 2 as abnormal,
and 3-to 5 as normal. The cumulative frac;ion oﬁ ifig 5 are the
conditional ”p(TPj. and‘p(FPi probabilities, with the varying decision

criteria. The measure of accuracy is the area under the curve, which

may be calculated by joining the points by lides..



PAGE 61

i c : //// !
Cases: -

, Abnormal (30) Normal {10} ~
1 20 66 o .| .0 |
2 7 90 2 .2
Reported as 3 _ 2 5: 17 I | .3
> 4 1} 2 .5 .
5 0 1 ¢+ 5 1

Cumulative fraction ‘ :

- -

X X

True positive RArea which measure the

system discrimination . ROC curve
capacity: Az

Az= f92 T

Fdlse positive.

Fig 5

1

6.3 PRESENTATION OF THE RESULTS

L)

. | r
For the reasons which have been. described in the previous
. - . ) P .
paragfaphs, RGC analysis has been chosen for the data analysis of our

experiments, ROC analysis is based on a two alternative decision; it

. ~ L Y
. is therefore necessary to define accurately what the analysis 'is based

)

on, and what are the two states of the problem. Normality V.S.

Abnormality of a film is not correct because many of our/films combine
‘ N _

gross and gubtle abnormality. Because of a gross abno ality a film

might be considered as abnormal, and True Positive, although a subtle
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lesion has been missed. This woﬁld bias the exper imerits, Rating
indiViduélly the _normality/abnormafity of ;naiomical structures, as
lung, mediastinum, etc. is not cérrec;leiqher: a-pneumdnia—';eportgd
as - a lung cancer would be c0psideréa as a True Positive dlthough the
report is wrong. ‘Horeover, non-pathoidgic abnormalities might- have
been detected by the radiologis;, but not reported. That would, result

in-a non-significant False Negative. R -

~

An alternative is to use the Presencé/Abs@hce of discases as the .

N .

two alternatives decision. From the clinical files associd{égdwith.

-

the film, we get an exhaustive list of the patients' discases. These
g : he p ,

films have been taken from the teaclfing files so.we afe sure -that. only

the listed diseases are_presehtf Om\ the other hand, -a ‘radiologist

reports the suspected presenéh/qbscnce of discasdsY The analysis is

based .on the set of diseases present in ouf"ﬁilms. plus ‘possible

m

reported, but not present diseases. From this analysis, we get an

evalhation of the ability of an imaging system to display the set of

diseases, i.e, an evaluation of the imgging system performance,

3

relatively to our given set of diseases.

1 -

Each disease is present or not in.a medical case, and detected or

* -~

not by the diagnbstician.” It is therefore possible to perform, an ROC

analysis by disease. Let us assume we have N cases, and M discases.

For each case, we have -the presence/absence of the disease in the
. . _ .

- . .8 . ’
patient, and the reported presence/absence. That is recorded .iii the

following table: . ' ‘ . . . ' <

T



P+: Preéent disease P-: Non present disease
R+: Reported disease R-: Non reported disease .
: Case 1 Case 2 ° can Case N
Disease 1 R+}P+ . R-|P-
example Disease 2 . R-|[P- R-|P+ _
Disease M R-|P- R+[P-

1

- LI
The conditional probabilities p(TP) and p(FP), for a set of cases

‘reported by a radiologist are, for a given disease:

o ¥ (R+|P+) . Z(RPY)
TP= N _ FP- N |
C 2 P+ | z P-

N

\

) N i .
We include . several doctors in the ROC/disease analysis by

considering their contribution as supplementary cases. We get several

—

e

points on the ROC curve by the process eXplained in the numerical

hY

example, asking the diagnosFicians to rate the.presence of d disease
between CertninlyTPresent (5) to Cercainiy Not Presgﬁt_fO); We ;btain
a set of..hOC results (one perl.disease) which provide accurate
information about the ability of an iméging‘sySCem to display‘thg set

of diseases

-

hY

To globally. compare different imaging systems, an overail
evaluation is required. -We are eveptually interested in the aSili§y
of an imaging system to reveal diseases. A global evaluation may
therefore be provided by an ROC analysis using as a base, the wh;ie
set of diseases, present or not in the patients, and reported presént
or not. For one disease Di, the conditional probability TPi and FPi

are:

TRl . Z (R
N .

. ‘"N ' oo

TP= . FP=— \
. X Pt . X Pi-

N . N . L b _ ( N

For the whole set of diseases, TP and FP are: - . T
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o M
X Z (Ri+|Pi+) | - X X (Ri+|Pi-)
TP= =14 N : FP=
- 2 o M
& X Pix 2 X Pi-

421 .

The probability p(TP) is the sum of Qhe‘ of all the existing and
detected diseases, divided by the sum of the existing diseases. Both
‘p(TP) and p(FP) can be calcqlatéd by adding the.individual ROC table,

4

as shown in fig 6.

. \ .
Disease 1 Disease 2 GLOBAL.
Lo D+ D- ' D+ D- . D+ , D-
o ' P+ 2 |3 . P+ 5| 6 p+ 7| 9
N Cp- 1 |10 - 2 | 10 3 |20
" TP=2/5 ' TP=5/11 ~ TP=7/16
FP=1/11 FP=2/12 FP=3/23

Fig 6 .

_.We the’obtain_ong ROC graph which measures the overall value of
an imaging system. - We also record the quality of the report, from Not

Accéptable (0) to .High quality (5).

6.3.1 Visibility Analysis

ROC analysis measures the visibility of diseases. To analyze in -

more detail the performance of the imaging system, and to understand

the reasons of eventual short-comings.'ﬁe measure’ the ability of the
syétem_ to display the.normal strygrures radiologists expect to see in
a good quality film. We define, for chest, and abdomen a list of

structure, and radiologists are asked to rate the visibility of these

-

structures, from Clearly visible, to Not visible.

?
_<
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6.3.2 Consistency Between Different Doctors

-

We involve a number of radiologists in the experiments. We
perform a global ROC analysis, and a ROC analysis by doctor. We

expect the radiologists to be consistent, i.e. the deviation to be

small. If this is not the case, that implies that radiologists have

to learn how to diagnose with digital films.

6.4 PROTOCOLS i

- F

/

L
In these experiments, we compare the clinicalxvalue of digitized

images to the one from analog films. yé are interested in the

influence .of three parameters: spatial resolution, contrast

resolution; and image manipulations. As explained in the previous

paragraphs we test:

’

- 1000%1000 spatial résélution; 8 bits of céntrast resolution without

image manipulations

*

- 1000*1000 spatial resolution, 8 bits of contrast resolution with
image manipulations’

- Analog films

S

)

We evaluate and compare the clinical value of both digital images

and analog films. Digiﬁal images are displayed on a video monitor.

Experihental sessions completed with one radioiogist and one imaging

- ¢ .
system measures the radiclogist's ab;%ity to report Xray images, and

! ! -
visualize normal anatomical structures, with this imaging system. The

same set of medical cases is used for all the experimental sessions.

-

We complete three sets of sessions involving a number of radioclogists:

'
"

: . / - -
‘l . . -t L]

6.4.1 Experiment Overview_ : ‘// o . | )

» —

7\



L

. - PAGE 66
one with analog films, one with digital images without image

mainipuli.a?:icm-.s__L and one with digital images and image manipulations.

number 0: DIGITAL without image
seskions with: manipulations

: Radiologist 1°
Group 0 : Radiclogist 2
: Radiologist 3

Set number 1: ANALOG - Set Number 2: DIGITAL with
sessions with: ‘ sessions with: image
. ) ‘ manipulations
: Radiclogist & : Radiologist 7
Group 1 : Radiologist 5 Group 2 : Radiologist 8 ’
o : Radioclogist 6 : Radiologist 9

From an egperimental set, we obtain &8 measure of an  imaging

system's clinical‘ wvalue, relative to the involved group of

radﬁalogists. From the preliminary presentation of the digital images

to radiologists, we noticed that the contrast enhancement improves

drastically the detection of structures whose visibility has been

L

degraded by the digitization and video display process. We expect the

esults of digital images without image manipulation to be worse than

these™ from analog film, but we also expect an improvement of the

results for digithl images with image manipulations. We therefore
compare the clinical value of digital images with image manipulation
! .

*

against analog images. The results of digital images without

manipulations are used as the baseline to measure the efficienty of

image manipulation techniques. L.

- .
!

y : ‘ L ’
At present, oqu sets 0 and 1 have been realjzed. Because of the

limited availability of radiclogists, sets 0 and 1 have been completed

L] -

with same .group of radiologists. This has the -advantage  qf
suppressiné the bias which might have been “introduced by the

differences in ‘- reporting ability between Z .different ‘groups gf'

I} . ~
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radiologists. We expect radiologists will not remember the images.
Digital imageg are presented first.

6.4.2 Available Resources

Forty films, chosen b&lradiologists';} Ottawi Civic Hospital have
'beéﬁ_ diéitizeé. Tﬁese films consist 6f chest, and abdomen, and cover
a complete range of Xray examination and resoluéion needs: :ﬂprmal.
films, gross pathology, subtle lesions and low quality fiims. Becaqse
Qe'compare the report with‘indebenaant verification, we selected ffhmq‘
which have been clinically verified, Qith a surgerﬁ, a‘biopsy, an
autopsy, or any relevant exam.which allow to see physically a }esion.

Five radiologists and one physician, from Ottawa Civic Hospital are

available, to complete the experiments.

6.4.3  Physical Management

'We have twg-alternativey. i at Ottawa

at the Oftawa Ci

University, or ic HoSpital.. The advantages of the

Ottawa Civic location is that it will minimige the disturbance of . the

radiologists "and therefore we will have more partic pation by the
-

radiologists. Moreover, we want the experimental condifio and

-protocols to be as close as possible to thé:actual Qorking conditons
of radioiogists. Ottawa Civic hﬁspital wéuld obviously provide closé
experimengal conditions. On the other hand an experiment is much more
likely to be interrupted at thg Ottawa\ Civic Hospital by refering
physicians, emeréencies or by people curious abdut ;he neW'systém;'
Hareover, radiélogists might be more involved in the experiments, and
concentrate more if the experiments take place. outside of‘the hospital

where the experiments might appear as just another distractiﬂht
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However, becaqse of the very limited availability of radiologists .
who cannot be 'disturbed from their workload for more than 1 or 2

hours, the experiment takes place in the Ottawa Civic Hospital.

. - ) ™

6.4.4 Experimental Session ~ '

]
i

One experimental session involves a radioiogist. &8 supervising
engineer, and the imaging system"{ Digital images, or analog films).
The radigloéiét will be asked to report these images, and to .evaluate
thgif qualiﬁy. Thex‘supervising engineer cqordinates_ﬁhe sesSion,
explains the &ifférent steps to the radiologist anqlcoileéts the daﬁg.

.When the session is performed with digital Xrays, a second engineéf is
needed, to help the radiologist to interact with the digitai imaging

system, : . .

. . ]

The experimental session is completed with aboht 20 Xray

examinations. We- have tﬁo types of examinat4ons: chest.'and abdomen.
We also have baby's films, whfch show both chest, and -abdomeﬁ. Each .
exam consists of two images: a posteral anterior, and a laterér view.

L]
The supervisor engineer has a list with. the characteristics of the

medical cases which will- be displayed” during the session. An

experimental session consists of 4 consecutive steps.

FIRST STEP, presentation of the digital. imaging’ system ( this
step is qpmpleted with digital sessions only'(Sets 0 and 1): thiﬁ
step is an introduction to the system.. The s;pefvisor demonstrates
image display, image manipuiations ( roaming, and contrast enhancément_

¥

). and user interface.
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SECOND STEP, reporting: This step ' reproduces the normal
reporting procedure. The radiologist goes through the 20 cases,

interpreting them, and dictating the report after having assesed the

case, as he usually does: : _ L

‘" Case number X:. displacement of the trachea ... ™'

Posteral Anterior film is presented first and then the. lateral view.

This is consistent with normal procedure since the lateral view is'

used mostly for positioning a lesion or a structure.

THIRD STEP, visibility test: We evaluate now the capacity of an .

imaging system to display normal anatomical structures. Again, the

-

radioloéist goes through the 20 cases and for each film is asked ,ﬁo“

evaluate the visibility of hormal anétomical structures, filling the
MCHEST-VISIBILITY" (fig 7), or ''ABDOMEN-VISIBILITY" form, or both,

depending on the case.

FOURTH STEP, debriefing: If the expe;imegtal sessioﬁ ‘has ‘been_
completed with< digital images, the radioiogist now gives his
impressions of digital images. This part is skipp;d with aﬁ-.analbg'w'
expgrimental sggfion. Once a radiologist has compi;ted'soth sets 0
and 1, we may show him-side by side analog and digital images; ;o"get
5 ‘direct comparison of analog versus digital. fhe radiologist ql;ﬁx

gives his impressiorns on the methodology, and phe‘ validity of the . -

experiments. C .

-



case number ;

Visibility code:

. The following structures are seen:

. PAGE 70
Fig 7.

CHEST-VISIBILITY

L]
*'a

Doctor: " Experimenta! set number:

1 Above average visibility
2 Average visibility
3 Visualized with difficulty
4 Not adequately visible
5- Not visible

Visibility code
112131415

- Tracheal air column

. Right main bronchus
- Left main bronchus

= Bronchus intermedius

- Posterior junction line
- Deécending aorta
- Azegoesophageal recess
- Interyértebral disc spaces

- Edge resolution { central bronchi,
pulmonary vasculature, cardiac silhouette)

,‘ - Minor fissures
- Hemidiaphragm left
. Hemidiaphragm right
- Boneg ( ribs, clavicles, etc. ) cortex

- Bone ( ribs, clavicles, etc. ) trabeculae
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6.5 ANALYSIS OF THE RESULTS - .

* From thése'experimeﬁts, we will obtain three sets of results , as

-

explained in 5.3 ' : -

1
i -

1) Estimation of the normality/abnormality discrimination, and

' :

.abnormality identification capacity of the imaging 's&stem. ROC

N

analysis is a standard way to measure this capacity.

) ,

v ;
2) Comparison of the quality of the images displayed by the system by

measuring the abilities of the imaging systems to display normal

anatomical structures. . A S S

-
'

3) Subjective evaluation qnd' comparison of the systems by the

' ¥ ]
radiologists based on?debriefing sessions.

6.5:1 Analysis Of The Reports’ c | ' ;

We want to evaluate, from the treports, the ability of the system

to detect and identify diseases. This analysis is based on a set of
diseases for whichs the reported presence/absence is rated from the

radiologist's reports, and compared to the real pEesence/abéence in
- k '

the patient. This reference is provided by, an independent, <c¢linical

verification.

! The dictated reports obtained ‘during the secepg step of the

.

experimental session are typed by. a ‘medical secfetary. Then a

supervisor radiologist, who did not participate in any experimental

session evaluates the reports: for each case he estimates ™ from the
reports, the presence rating. of the diseases, from 0 (hot present) to
5 (certainly present).’ The diseases not mentioned in the'réport‘are

considered as 0 (cérthinlyinot present). From the clinical file we
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record the presence/absence of the diseases in the patient (see form

N" fig 8). One line in the form "REPORT-EVALUATION"

]

"REPORT-EVALUA

of the disease, its presence or absence in the
N,

-0 patient {True if the disease is present, False if it is not), and the

reports the nam

! presence rating reported by the radiolegists, A blank -cell is
~ equivelent to a 0 rating (not present). The supervisor radiologfst'

- -will not know the origin of a report, in order that he will not be

-

influenced by his opinion of the imaging systems, or by his opinion of

.

a radiologist's competence.

» LA

\ ' ) - - Case.810234 -

Quality of the report , T 3 S . .

_ Trith Code | Confidence - | Confidence | Confidence. | Confidence
Diseases ' [
neoplasm

nephro calcinosis

multi cystic kidney
xanthogranulmatous pylo
xanthelasma
adrenal.calcification
tuberculosis
autonephrectomy
calcific granuloma

i

Rt T R O

M= [mm|(nmm:
w

W W

Fig 8

&
* ) ] . ’ + '.I_'
Most diseases are present'in only one Ease’ A RO§ analysjé per

disease would not be' significant. An alternative i§ to do an ROC

v analysis per case, based on the presence/absence of the diseases +

"included in form "REPORT-EYAL&ATION". We obtain a table which

£r

-

-~
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indicates how presefit. and absent diseases have been rated (fig 9).

*
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CASE xxxxxx ; : 1
DIGITAL T |ANALOG o
present (T] absent (F) present (T] absent {F) o
diseases |diseases ' diseases |diseases |}
5 1 1 - 5 1 1}
4 0 0 4 0 . 1/} 1
3 0 1 3 0 o[} TABLE1
reported as{l 2 0 1 2 0 ) 01} '
~ 1 0 1 1 0 o} L
0 6 14 0 5 16|} .
p(TP) p(FP) . 1 p(TP) p(FP)_|} ;
5| - 0.14 0.06 5 0.14 0.06(}
4 0.14 0.06 4 0.14 -0.11]}
) 3 0.14 0.11 3 014 " 0.11]} TABLE2 | : {
2 0.14 0.17] 2 014 o0.1]y - -
i 014 0.22 1 0.14 0.11}} e
0} 1.000 . 1.00 0 1.00 1.001} B
‘|ROCarea_ 047 |ROCarea 0.52| difference| -0.1|710%|
Jeport] iquality- 4 . * reportiquality | - 4.4\ differencel . -0.4f -9%

- In table 1; column 3 and 6 report how the diseases ?\\\\\\'

presentf in the patient have beén rated, fog.respéctively‘
digital and analog images. E.g. 1 present Aisease- has

beea reﬁo;;ed as O (Not‘prpsent), w#th digitafriméges.'

~.Tablg z givés the ;frue. Positive, and False Negative L
prdbaﬁilicie;, Qith the varying decision critérjs. -ln rbw'f

5, :the True Positive diseases are the present diseases‘,'
B b [

reported 4@s 5 (Certainly present); in row 4, the TP
diseases are'the present diseases reported as & or 5.
L3 + ' -~

- The" atea under the ROC curve is the index which

MEASUresS . ‘
. +. the, imaging system performance
. : -

- The report quality is the average of the report qu:

1]ty
for every doctors. S (::j::::E’

\‘- T, 1 Plg 9
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From this table, using the methodology explained .in 6.2.3.'~ we
obtain the ROC graph for each casdy as well as the area under the ROC

curve, which measure .the imaging system pérformance, relétively to

" this case. The ROC analysis by doctor is performed ‘similarly.

Finally the global ROC curve of an imaging system is obtained by
_adding the ROC tables per case. From the sum ﬁable, we draw thé'ROC_
curve, which gives us a global measure of an imgéing system's quality.
The consistency between radiologists is calculated by the variance of

the area of the individual ROC curves.

6.5.2 Visibility Analysis

This pgrt analyses the ability of the imaging system to display

normal anatomical structures. For every structure the visibility

rating, given by the radiologists™for the 20 cases ‘included in an

experimental - session, is averaged and recorded in the form

"visibility-ANALYSIS" (fig 10). We then calculate the mean and the

standard deviation between .all the radiclogists involved in an

experimental set. As a result, we get, for the imaging 'systep, a,
rating of the visibility of each structure.

] ' . L :
. . . .

b
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. ; Fig 10
‘ 1 | 2 3 4 5 6 [7 8 9
i tDoct 1 Doc2 1Doc3  Doca | Do " .
2 ' - mean variance
3 CHEST ) -
4 ) ‘
5 |Tracheal air column 1.2, 16 -1 14
6 |Right main bronchus 1.4 14 1 14 T
7 _|Left main bronchus 20| 18 N )
8 _|Bronchus intermedius 14] 22 R E: ]
9 "[Posterior junction line 24 24 N 241"
Descending aoria. 1.8 20 ! 19
Azegoesophagealrecess | 28 3.2 ] 3 30 .
Intervertebral disc spaces | . 24] 3.0 27
Edge resolution . 16, 16 . 1§
IMinor fissures : 14, 14 » 14
Hemidiaphragm left 200 22 *_ 231
Hemidiaphragm right 1.2 1.6 14 %
Bonecortex 18 16 L 17
Bone Trabeculag 1.0 20 . -
ABDOMEN_ Y K NDUN B B R R
SPINE ] . o ‘_ o
__Pedicles . 1.5 .21 o 1.8
|_.Spinousprocess * | 24" 23 T [ | 24
_ Interspaces 433 300 T 3.2
. _Epiphysial joints 1.0 18 ] A 1.3
_Ribs ‘ 2% 187 ¥ ] P 1L o
Diaphragm .40 34" 7 T 37
Psoas shadow -2, [TTTT 07 -
Kidney 1.0 30 N .20
Bowelgas 2 T I O I O - X 1
Fecal material 1.5 1. I O R B IO I
iPeritonal fat lines 23 2. N 4l 220 e
HIPJOINTS | < S R R O D
Sacro-iliac —32 29 L A 8al
Lumbosacral 21 28 . - 424
Sacrococcygeal 1.1 1.5 . | T 130
Free air 2310 S 1.7
Liver < o 23 200 | [ T -
Spleen s, 1.2 1.6 14
Calcium » - _ - 1.5 14 1.5
Bladder: . - ) 24, 20 2.2
R !
.. . \
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6.5.3 Debriefing

We present & summary, and an analysis of the reaction of . radiologists
to digital images, and to the experiments they perﬁoimefed.

6.6 RESULTS

We performed the experiments in Ottawa Civic Hospital, Four

weeks were necessary to complete the experimental sessions described

in the previous paragraph. The observers were allowed to- adjust the

Y

brightness switch of the monitor as often .as they wanted. The
reporting and visibility analysis 'sessions were not ~completed

consecutivelyy begause they each took from 1 to two Héﬁrs, and -

radiologiéts were not available for longii;—;:;;qgs of time. We

experimented 'thﬁ. system with differént types of - users who ould

k)

"'  eventually work with such a system: genéralist radiologist, emergency
" radiologist, ' chest, abdomen, and heart specialized * radioiogists,

5peciali§ed chest physician. The experimental proceduré has been .

garried 'out successfully thanks to - the active and very interested ®
. :’*....‘ ‘.f' K . . . . - ,. »
cooperation of physicians and radiologists who enjoyed experimenting f‘f

-~

. with our'digital system. ' ' ‘ S
! ‘_ } ! ’ . . Lot ? .‘“ " N
,,_;;__\‘/)6.6.1 Reactions Of Radiologists To Digital Images - A
. Radiologists were impressed by the quality of digita] ihages,

fﬁtsgph tﬁpy consider as good quality images. _They appreciated the

T béssgbifity of changing fhe brightness of the video monitor, .which
T allows %o .adapt thej contrast for every structure of jinterest, and
. wt . . N .' s -

. o ] » .
results in the improvement of the visibi](:y «0of certain structures,

such as vertebrae in a.chest film, compared totanalog film sheets.

The side by side comparison of digital and analog images demonstrates
- . o i
ﬁ . . Jr’ .

¥
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however a poor contrast between light and dark areas, on a video
monitor, and certain fine details, such as bone trabeculae are 105} in °

| L
the digital images. Radiologists were not really worried about that, '-:(f\
il - " s

.because such patterns are only seen in high quality analog images.
!

Several short comings have been noted, in the presentation of the
. , ‘ U

- . : ' . » ¥
digital image. The main problem is the display of a smaller window
from the global image, and the'necessity to roam this winddw in the

. image. Radiologists need to see the whole image so that their

professional reflexes may work:prOPérly. .Similarly, the presentation

[N R - L]
of the 2 views, lateral and posteral-anterior, consecutively instead

L] A .

of side by side.disturbed the rddiolegists. Some radiologists. were

also disturbed By the brown tint of the video monitor, compared to the
blue tint of analog film sheets. These short comings can casily be

corrected in a further version of the system.  On the other hand,

radiologis}s greatly appreciated having the images displayed on a

\ -

video * monitor, without having to manipﬁlate the films in and out of.
their jackets. ’/, - N ' : \\\‘

P T
Althoﬁghirrad?diogists‘ appreciated. the 'methodology - of the -
’ reporting part of the experiment#. which was very close to-theig'usuai
working conditions,’ thc§ nOL;q..seve}al _details uh;ch moved Lhé
ékperimeﬁtq/éway from a srandard propcduref |
. . , :

-

. _“ . '_ - Some: .cases - only haé“l filmzﬁighiéh is unusudl, -and

confusing - . : . - -
- ' : LR - Ve

- No medical. or clinical inforggfﬁons were available with
the film e "
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o .
. ¢hild have been in the Ottawa Civic Hospital, and therefore no
. N . ﬂ. .

child films have been reported for more than 10 years (since the

. . [ Y
opening of the Children Hospital). »

——
.

~ In a usual reporting session, most films are simplé and

B enly a few are difficult to report Most of the films included

in the exper1ments were complex and radiologists found this very

tiring. .

. ) . » .
- Radjologists suggested that the 'choice of films was
limited; we only presented them chest and abdomen films. They

considered the digital images\we presenﬁ;d them a good qualigy

"the dig1ta1 imaging system wlth ‘different procedures, such as-

-

We ngte that these dptafls .do not D the ‘results.‘of the

experiments sincel ,» except for the /}ndowing p;oblem * they are

appllcable for both analog and digital images. As for the visdbility

L ¥
- . .

analysxs paf of the experiment, apart_: from the fac':t,' that it was}%me

consuming, the complaints were: - - L _
. . ‘ * (2 .
R - Al BT : . K . ‘

- the list of structures was long,, and not always .adapted to the

medical imagés’

- . .
. S I
. [

- the structureseradiologists expect to sgé%fgf f11m really

~ .

_-depeﬂds on the type of exam which has ‘been done en the patient, and-on

clinlcal data related to the patient; in a- plain abdomen f11m they 'do «

not ‘expect to see the bones re&lly Wefl if they want'to see. the

[

bones, a special procedure is ordered. This example may - be

generalized . to many structures, especially for thg abdoten films,

:

Iy .

- Baby's films have been included in the experiments: No |
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where the visibflity expectations are very related to the medical

s . -

cases.

v . -
-

- our films were old films (10 to 15'yaars old)l Technology has

hd .
A

improved a lot, and ’B:ésent. films provide a better visibility of

anatomical structures. The expectations for a new film are different

from the ones of an old film.

- ’ . \

6.6.4 Qhantitative Results

L3 v . N

“The Tresiilts of the visibility, and ROX analysis are included in o

appéndix A. As descri&gﬂlpreviously. thesq results consist of:,

- & ROC analysis per case, and the average rooo;?'.qua]ity for

thiadgase (page Al 1o Al12)

- A global ROC analysis._and-the global avefager report quality '

(page Al3 to Al5) Co .

.

- A.ROC analysis per doctor (page'A16)

'
. . . »

- The visibility anal;sis-(pagg Al7 ta‘A19)

-

p : Y

The results are very encouraging fof digital images:-(digital and';

analog images performed similarly. Th15 result is consistent .in the o

ROC analysis, the vislbility analysis. .and the quallty oP’ rnports
b 3

B B
' L]

.analysis: the two global ROC curves for annlog and dxgltal are almost®

identiaal the aVerage v1sib111ty for analog and digital is the same,'
"the average qual;ty of the digital and analog reports is the same.

- e

For both 1mag1ng systems, the True P051t1ve rates are poo1. .Thlg' is

due to the ’comple;ity of all our cases, and to the fact that no

clinical data was presented with the films, to help‘tﬁe diggnostician.

£
-

s
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visibility analysis by structure does not demonstrate
t . * - & '

differefices between analog and digital which are consistent between

. radiologists, except & slight degradation for the visibility of

. N\
"Edge resolution” in digital images. This did not result, however, in

diagnostié capability degradation, for our set of films. :

The ROC analysis by case demonstrates, for certain cases, - that

digital consisfently oﬁtperformeq analog. This outperformance is due .

to the better detection of the following diseases: lymph angiogram,
which is related to contrast resolution capabilities, interstitial
lung diseases (spatial resolution), powel‘ distension . (contrast

requirement). On the . other hand, analog cutperformed digital for
‘ , .

emphysema (contrqst). pulmonéry- calcifications (spatial), apical

] . - . 0
fibrosis {spatial), pneumopcritongum (contrast). . No major tendency
) s . .
can be-extracted from this case dependant analysis. -

- £ .
'

- The ROC analysis by doctor demonstrates tﬁat. some * radiol 1;

have more accurate reports with digital imgges, others wivh andlog.
However, the difference between the radiologi{llk with the same imaging

system is greater that Tthe differences between analog and digital

. ‘s
which, therefore, are not really significant.

s - . . .
. . !

6.6.3 Conclusions _ ' : o ' ) - S

L)

We ﬁurf

N\

. two  imaging systems: .the-traditional ahalog'éheet. and the digital

" CRT

.

based imaging system, The!resélﬁﬁioq-experiméntqsfdhs 1000*1000,

8 bits per pixel without contrast qq?ﬁﬁbement.. The results of both
imaging sySLeﬁsuare similar. The diagnostic capabiyify of digital nand

. e . .
analog images _are therefore the same, relative to our set of films.
. & '

This is very encauraéing for the achievemenl of a digital radiology

ormed these experiments to‘compare‘the.diagnostic capabflity of

’
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workstation since radiologists performed as well with digital images

even thouéh they were really disturbed by the windowdhg/roamiﬁé

process'. @

This does not prove however that digital images, with this

resolution are able to replace analog films sheets in radiology. The
generalization of these results to the whole range of radiographic"
images requires further experiments, taking ’‘into account\ﬁthe

recommendations of radiologists, as described in 6.6.1, about the

J&zﬁj§ity of ‘the films to be included in the expériments. " The .

presentation of digital image has to be lmproved. to béiacceptablg for

the radiologists (presentation of the whole, image on‘thg CRT»ghd

.

presentation of the two images of a medical case simpltaneously).

. ' . . '
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CHAPTER 7 S

'

CONCLUSION AND SUGGESTIONS FbR FURTHER RESEARCH |

¢

In this thesi$, we were concerned with the b}oblem of. storing and

communicating Xray examinations in the hospital environment. The

analysis of the needs and requirements in radiology leads us to the '

ronclusion that wmultimedig technology (voice, text, and image) was
] . -

'-wellﬁihapted to ptovide digital services to display, store and

communicate Xray exaﬁinations. Since digital images are displayed ‘on
high régolutio:fin. introducing digital images is & major change for
physicians ,and’ radiologists, which are presently reading analog film
: e "
4

sheets. . ¢

~

B-]

We, therefore, had to kncw.wheqher CRT digital images"ﬂere able

. ! . . . . Y < . .
to : carry medical informatjon so that radiologists may teport as

H i - . !
accurately with digiﬁal‘images és with analog _film sheets.. This
conditibn M yitiizdiéfﬂ&é\yaqt théliadiologists ;; use a;d dccept a.
digital syétem._ Ithhe iiterature,'wé foun& measurements oél diéitall
Xray iﬁages physical quélity{ "however the influence of ﬁﬁysica{

.lqdality oﬁ diagnoi;ié Fc. ' ‘_ has‘nevef\ been accﬁrately évalua;ed, y

although it is genera admitted that ‘high quality iﬁagés are

]



K ' Ce * PAGE B4

required to obtain ‘an accurate réport. We, therefore,” had to

! .

conceivé, and run tests which would estimate the clinical quality of

-~

digital images. The experiments were based on the vevaluatioh of

radiologibts' reports compared to: an independant clinical

’

verification.

We evaluated the quallty ‘of dpg1tal 1mages with a’ rhgblution of
1000 * 1000, 8 bits per pixel and Vlthout image man1pulatuons. against
the one from analog film sheets. bur experiments demonstrated that_
for our set of images, both systegs performed similarly. This resylt
is‘ﬁery encouraéing, and thpports the effort in building a 'clinically
efficient Qigital.raaitlogy workstatioﬁ. ’. . .

However, we can not conclude from these experiments,” that d1g:tal

images are able to replaée‘ analog film sheets in radxology The

- - .
.

results are relative to our set of films. Further experiments with a

wider range 'af films, as recommended by the"raqiplogists, are

[
.

necessary to generalize the results of the experiments.

Furthermore, contrast enhancements could provide a ;625pter
incr

‘visibility of anatomical structure;. and éould.probdbly i /’ se the

performance of digital images. The- influence of contrast enhancements -

-

- ) = , I
on reporting ‘accuracy needs tb be measured.
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]
L

H -’

reported as{

{

S

O 1= (MG |8 (0

(2= {=R{=F{=1[=]

o= {n i s lon

/ Feégrted as

|

O |= 1N L) | th

= N [W 8N

0.7

18

“AROC Area

~ . 0.00 022, ,
L 1,00 1.00 Y
_ ' .
_ ROC Area 038 T~—
report uality 4 :

_— : : ——

. X case 28175
o DIGMAL | .
_ present (T]absent(F}{ =~
o dispases 'tfseages; .

t
{

/_.,-. {.

{

{

Q= N |W & {n

(=3 {=]{=][=]{=][=]

T 012 -~
N R X - S
RSN G ) R
vality .. - 26 -

. .. _|present (T)

oo

'
1

ort[quality | .

PR
.

-
oy

(= H=X=J=)

0.12

,\,":“ 0.2:
: 0.2 :
" L‘QE 1. ._ ‘

difterence |

4] difference
Absent (F)| R
dseases _ o

"0 ;

Ot :

3. ;

2

o

20! -

. PIFP) |-
| , 0; .
0 .

-difterance

36

difterence _

: A-1" -
(.
case 25033 ° - i
DIGITAL e i
. |present (T} absent (F} | / present (T] Absent (F)| -
diseases |diseases [ R diseases ‘ |diseases | -
. ﬁ ; + ———

T
-0.1

.| -27%
-0.4

9% -

1.0; 28%
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- A-2 . R
case 396373 a8
. DIGITAL ANALOG 4 <
present (T} absent (F) present (T} Absent.{(F) N
diseases | diseases _|diseases |diseases ‘| .
- 5 o - . 1 »~ E R o 1 . - N
A 0 0 4| 0 -0 -
SO | 0 0 ., 3 of -0 )
reported as{ |2 0 0 ' 2 0 i -0 e )
EE 0 0 KK o ..o . '
{ior 0 1] o 0 0 1
p(TP) p(FP} . t . p(TP) | p(FP) |. _ - -
5 0.08] 5 _ 0.08: 1
4 0.08 4 .l .. 008 - _
3 ' 0.08] . 3 - 008 . . |
2 . _b.o8[” 2. . 0.08
11]. 0.08]— 1 | ¥ o008 . |
0 _1.00 0 ~\ 100 - |
. ROC area ROCarex |. ., 1. difference | | .
report|_| quality 4 _report | quality . 3. 83[difference |  0:2] = 4%/
T v . \ R ) ) . .. J
' . T
. K -__|case 6007510 - o N E
- DIGITAL . ANALOG™ & N |
- {present (1] absent (F)’ present (T]Absent (F} RYE _
’ _|dfseases |diseases |, diseases . |diseases _ P
(5. 13 0 5 T IR R
{14 . 1 0 4 0 o \-\-7;_'___”-; o
HEN 0 1 ~ 3 9 o~ 1 °
reported as{ |2 0 0 : 2 0 0 I
{1 0 0 ¢ b 0 .0 I R
{lo 16 5 0 14 . 8 1ok
p(TP) p{FP) _p(OP} p(FP) S
5 0.43 0.00 - 5 0.53 0.00 — b
4 0.47 0.00}. 4 - 053 0.00 o
3 0.47 0.17 3 0.53 '0.00 1.
2 0.47 0.17 2 0.53 0.00 A
1 0.47 047 1 0.53 0.00 _
0 1.00 1.00 0 :1.00 1.00
ROCarea. 0.69 ROC area 0.77|difference | -0.1] -10%
report| |quality 3.5|” report | quality - ' 4ldifference| -0.5| -13%
L )
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A-3
L ‘ﬁ' ;
_ CASE 60252
o DIGTAL- | ] ANALOG | i
L present (T] absent (F) resent (T]Absent (F)
1. - diseasés | diseases * |diseases |diseases
) (5 6 0 5 R
] {14 0 1 4 0 "0
7 s 1 o - - .3 1 2.
reported as{ | 2 o — 2 2| 1 1
_ - {1 ./ 0 -« 1 o[- 0
B 0 17 - 21 o . - 14}, 20]
o 1 p(TP) p(FP} ‘ p(dP) | ~ B(FP) ‘
~ ‘ 5  0.25L 0:00 - - 5 0.33 0.04
4 0.25] 0.04 4 0.33] - 0.04 )
3 . 029 . 0.4 3 0.38 0.13].
L 2 0.29 0.13 2 0.42 0.17
) 1 0.29 0.13] 1 0.42 0.17
.0 1.00] " 1.00 "0 1.00 1.00
o |ROC area 0.604 ROC area 0.64|difference 0.0l -7%
-report| _|quality 3 - report | quality 3.83|difference | -0.8] -22%
" |CASE 607119
- _ | DIGITAL - ANALOG
o present (T] absent (F) F present (T] Absent (F)
- diseases |diseases diseases | diseases
- {15 3 : 1 5 1 .2
{4 0 0 _ 4 0 3
| {{3 1 4 3 1 5
reported as{ | 2 0 1 2 0 1
. {11 0 0 1 0 0
. lo 8 42 0 10 37
- . p(TP) D(FP) p(TP) p(FP) _
5 0.25 0.02 5 0.08 0.04
4 0.25 0.02 4 0.08 0.10
- 3 0.33 0.10 3 0.17 0.21
o 2 . 0.33 0.13 2 0.17 0.23
1 0.33 0.13 1 0.17 0.23
0 1.00 1.00 0 1.00 - 1.00
~ ROC area 0.62 ROC area 0.47| ditference 0.1] 30%
report| |quality 3 report | quality 3.17|difference| -0.2] -5%
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A-4 j
L9 ; -
i CASE 60771 ‘
DIGITAL i ANALOG
present (T] absent (F) present (T] Absent (F) T
diseases _|diseases diseases -|diseasgs
{|5 6 2 5 6 0l.
{ 0 3 4 . 0 ' 1 ~
. 3 0 4 3 0 5
reportedAs{ (2 0 1 2| ol 0
: AL 1 0 1 0 1 )
{10 5 32 4] 6 - 35
p(TP) p(FP) p(TP) p(FP) -
5 ' 0.50 * 0.05 5 0.50 0.00 ‘-
14 0.50x D12 4 0.50 0.02 :
3 0.50 0.21 3 0.50 0.14
2 0.50 0.24 2 0.50 0.14 sl
1 “0.58 0.24 1 0.50 0.17
0 1.00 1.00 0 1.00 1.00 | .
ROC area 0.71 ROC area 0.71|difference | 0.0/ 0%
report| |quality . 3.83 report | quality 3.83|difference | ~ 0.0 0%
CASE 60773 ~
DIGITAL JANALOG.
present (T] absent {F) present (T] Absent {F) N
diseases |diseases diseases | diseases ’
{|5 4 0 5 7 0 _
{14 2 0 4 0 0
- {[3 2 0 3 1 1 N
reported as{ | 2 ‘2 0 2 2 0
{1 0 0 1 0 0 _
{10 ., 14 6 0 14 5
p{TP) p{FP) p(TP) p(FP) - _
5 0.17 0.00 5 0.29 0.00 N
4 0.25 0.00 4|- 0.29 0.00 _
3 0.33 0.00[ — 3 0.33 0.17 -
2 0.42] . 0.00 2 0.42 0.17 1
1 0.42 0.00 1 0.42 0.17
0 1.00 1.00 0 1.C0 1.00
ROC area 0.71 - [ROCarea 0.64/difference| _ 0.1] 10%
report| |[quality 3.83 report 3.83|difference 0.0 0%

quality
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A-5
CASE 60815
DIGITAL ANALOG -
! present {T) absent (F) present (T] Absent {F)
Y. diseases |diseases diseases” |diseases
{l5] - 0 0 5| 4 0.
B {i4 - 2 1 4 K 0 —_
— 43 3l 2| 3 2 1 1 .
reported asf | 2 "0 0 2 0 1
(1] o 0 K 0 0 /\
B {{0 25 - 22 ol 21 23| . N )
o ‘- : \—"7'-/-: j [T—
| p(P) p(FP} |, p(TP) p(FP) 1/
o 5. 0.00 0.00 5 0.13 0.00 .
) 4 0.07] .0.04 4 0.23 0.00 ~
~ 3 0.17 0.12 3 0.30 0.04 -
B 12 0417 0.12 2 0.30 0.48 -
o 1 0:17 0.12 A 0.30 0.08
f 0 1.00 1.00 o - 1.00 1.00 ’
. : : y -
. ROC area 052 ROC area 0.62|difference | -0.1] -16%
report! | quality 4.50 ‘report | quality 4.40| difference 0.1 2%
CASE 60910 - )
<7 N ANALOG | - - [~
B present (T] absent (F}- " ™ {present (T] Absent (F)
. diseases |diseases diseases | diseases
) {|5 12 0 5 - 13- .0
{|4 0 4 0 .0
. {13 1 1 3 3 0
reported as{ | 2 o — 2 ‘1 0 .
MERAA! 0 o 1 0 0
- {{o 3z 5 0 31 i
p(TP) | p(FPf i pOP) | p(FP)
L 5. 0.25 p.00] 5 0.27] _ ° 0.00
4 o0.27 . 000 . 4 0.27 0.00[ ) .
3 0.290 - - 0.17 ! 3 0.33 0.00 ~
2 0.33. .0.17 2 0.35 0.00
IE 0.33 017 1+ 035 0.00
10 1.00 1.00 0 1.00 1.00
- J A .
ROC area 0.60] / " |ROC area 0.68|difference| -0.1] -11%
report| |quality 4.00 . report | quality - 3.50| difference 0.5 14%
. ~ : A3
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i A-6
Y 4
CASE 6303141
. . | DKSTAL ANALOG b
present (T) absent (F) present (T] Absent (F)| .- _
disgases |diseases diseases |diseases I
{15 3 - 0 5 -3 o .
{14 1 0/ 4 1 ol
{13 1 0 . 3 1 0] - L
reported as{ | 2 0 .0 2 0 0 o
{11l 0 0 1 0 0
{lo 0 0 0 0 0 -
CASE 6303141 i
I oM | plFR) 0Py | _pFP) | &
5 0.60 y 5 50 .
4 0.80 4 0.87 -
3 1.00 3 0.83
2 1.00 2 0.83
1 ~ 1.00 1 0.83 -
0 1.00 0 1.00
ROC area ROC angg: * |difference |
report| |quality 417 report | quality 4.40|difference| -0.2| -5%
o .
CASE 678735
. DIGITAL ANALOG .
present (T] absent (F) present (T] Absent (F) _
diseases |diseases diseases |diseases '
{|s 9 0 5| .8 3l .,
> {14 0 0 4 0 0
{3 1 0 3 0 0
reported as{ | 2 0 0 2 0 0 N
{11 0 0 1 0 0
{10 2 6 0 4 3 »-
pETP) p(FP) p(TP} R(FP}
5 0.75 0.00 5 0.67 0.50 '
4 0.75 0.00 4 0.67 050 |
3 0.83 0.00 3 0.67 050, B
2 0.83-  0.00 2 0.67 050, |
1 0.83] . 0.00 1 0.67 050 . . |
0 1.00] N 1.00 0 1.00 1,000
: ROC area 0.92 ROG area 0.58|differerice| 0.3] 57%
report] |quality 5.00 report | quality 4.67] difference 0.3 7%
@
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A-7 T~
\\
\ ~
- CASE 740235
- DIGITAL ANALOG
present (T] absent (F) present {T] Absent (F)
_ diseases | diseases diseases | diseases
{|5 7 0 5 6 0
) {14 1 0 4 1 0
{13 1 0 3 1 0
reported as{ 12 - 2 o - 2 3 1
{11 0 0 1 0 0 -
o 4 5 0 4 4
o p(TP) p(FP} |. p(TP} | p(FP)
) 5 0.47 0.00 5.00 0.40 0.00
o 4 0.53 0.00 - 400 .. 047 0.00
_ 3 0.60 0.00 3.00 0.53 0.00
) 2 0.73 ~ 0.00 22.00 0.73 0.20
B 1) 0.73 0.00 1.00 0.73 0.20
0 1.00 1.00 0.00 1.00 1.00
N .
ROC area 0.87 ROC area 0.82|differance 0.0 6%
report| | quality 4.00 report jquality 3.80| difference 0.2)] 5%
- CASE 741365 n,
DIGITAL ANALOG o
N present (T] absent (F) resent (T] Absent (F)
N diseases | diseases diseases | diseases !
o {|5 5 ' 0 5 6 0
{14 1 0 4 2 0
o {|3 2 1 3 0
reported as{ | 2 5 0 r_ 2 N 2], 0
R U 0 0 - 1 0 0
{iof 7 27 0 7 26
p(TP) p(FP) : p(TP) p(FP) A
_ 5 _0:36 0.00 5.00 0.40 - 0.00
4 0.43 0.00 4.00 0.53 0.00
3,057 0.03 3.00 0.53 0.00 -
L 2 0.57 0.10 200 '0.53 0.13
L 1 0.57 0.10 . 1.00 0.53 0.13 |
_ 0 1.00 1.00 0.00 1.00 1.00
. ROC area 0.76 ROGarea |  0.74|difference| 0.0] 4%
report ualityr - report | quality 4.00| difference | -0.8{ -20%
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A-8 ’
.} - -
i CASE 7501451
DIGITAL ANALOG .
present (T] absent (F) present (] Absent (F) ]
5 diseases |diseases diseases ' |diseases N ne
- {|5 3 0 5 4 0 a

{14 3 0 4 3 2

{13 0 0 3 - 0 0 e
reported as{ | 2 1 1 2] . 0 2 }

{11 0 3 "1 0 0

0 13 31 0 13 31
p(TP) p(FP} p(IP) p(EP) o .
5 0.15 0.00 5.00 0.20 0.00 L
. 4 0.30 0.00 4.00 0.35 0.06 ]
- 3 0.30 0.00 3.000 0.35 0.06 ~
2 0.35 - 0.03 2.00 0.35 0.11
- 1 0.35 0.11 . 1.00 0.35 011
R 0 1.00 1.00 - 0.00 1.00 1.00 )
| ROC area 0.64 ROCarea 0.63|difference| 0.0 1%
/  report| |quality 2.80 report | quality 3.80|difference | -1.0] -26%
. AY -
CASE 7502616
DIGITAL - ANALOG
present {T] absent (F) present (T] Absent {F)
diseases |diseases diseases |diseases .
5 11 1 5 13 2 .

{14 2 3 4 1 1 ‘

{|3 1 0 3 2 v 0 .
reported as{ | 2| . 1 0 2 0 0 _
] {11 0 0 1 N -0 o

{10 9 14 0 8 . 15 _

_p(TP) 1 p(FP) p(TP). p(EP}
S 0.46 0.06 5.00 0.54 0.1]
4| 0.54 0.22 4.00 0.58 0.17
N 3 0.58 0.2 .3.00 0.67 0.17
2 0.63 0.22 2.00 067 017
1 0.63 0.22 .1.00 0.67 LAY
0 1.00 1.00 __0.00 1.00 1.00
ROC area 0.73 ROC area 0.76! difference 0.0) -4%
report| [quality 3.83 report | quality 3.33|ditference 0.5] 15%
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A-9
L]
3
B o CASE 751281
DIGITAL ANALOG
_ present (T] absent (F} present (T] Absent (F)
diseases |diseases diseases |dispases . .
{15 b4 0 5 4 1
_..4l4 2 0 L 4 2 0
{{3 3 2 * 3 3 1
reported as{_| 2 3 1 2 1 1
K 0 o 1 1 0
i 0 . 23 17 - 0 24 17
_ R
N p(TP) p(FP) - p{TP) p{FP) {
5 0.11 0.00 5.00 0.11] 0.05
o 4 0.17 0.00 4.00 0.17 0.05
B 3 0.26 0.11 ‘3.00 0.26 0.10
. 2 0.34 0.16 2.00 0.29] 015 _»
o 1 0.34 0.16 1.00 0.31 0.15
0 1.00 1.00 0.00 1.00 1.00
o ROC area 0.60 - |ROCarea 0.58| difference 0.0 3%|[-
report! |quality 3.40 report | quality 4.00|difference| -0.6| -15%
______ CASE 7521432
o DIGITAL ~ ANALOG
o present (T] absent (F) present (T] Absent {F)
o diseases |diseases diseases | diseases -
I {15 5 0 5 5 0
{14 2 1 4 3| - 0
{13 4 0 3 3 1
reported as{ | 2 0 0 2 0 0
— {1 0 0 1 0 o
{lo 4 9 0 4 9 -
_ p(TP} p{FP) p(TP) p(FP)
_ 5 0.33 _0.00 / 5.00 0.33 0.00
4 0.47 0.10| 4.00 0.53 0.00
3 0.73 010 3.00 0.73 0.10 F i
2 0.73 0.10 200, . 0.73 0.10 :
1 0.73 010 1.00 - 0.73 0.10
0 1.00 1.00 0.00 1.00 1.00
A ]
ROC area 0.82 ROC area 0.84|difference| 0.0 -3%
report| | quality 3.80 report | quality 3.80| diffarancs 0.0 0%
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CASE 755269 —t ]
DIGITAL ANALOG 1 )
. present (T] absent (F) present (T} Absent (F) N
diseases |diseases . diseases |diseases - _
{i5 5 1 5 . 4 2
4 2 1 4 4 2 1
. {3 0 0 3 0 0 1
reported as{ | 2 i 1 2| 0 0 N
{11 0 0 1 0 0 b
{10 17 12 0 .17 11 B
p(TP) p(FP) _ p(TP) p(FP) .-
L |5 0.20 0.07 "5.00 ~0.16 0.13 1
/14 0.28 0.13 4.00 0.32 0.27 o
/ |3 0.28 0.13 3.00 0.32 0.27 1
/ 2 1 0.32 0.20 2.00 0.32 0.27
{ 1 0.32 0.20 1.00 0.32 0.27
NN 1.0p 1.00 0.00 1.00 1.00 L
~! S
%\ |ROC area 0.57 .__|ROCarea 0.53|difference|  0.0| 8%
report qu.ality 3.40 report|quality  * 3.40| ditference 0.0 0%|
J 7 ...
[ _ CASE 780761 ¥
i DIGITAL : ANALOG |
{ | present (T] absent (F) present (T] Absent (F) Fl
/| diseases | diseases diseases | diseases o
i ,,K 5 8 0 5 5 0
{14 * 0 0 - 4 1 0 1
{13 0 0 3 ol . ol
reportedas{ | 2 0 -0 2 0 - 0 K
{1 0 0 1 0 0 _
| {|o 7 0 0 R 0 )
p(TP) p(FP} p(TP) p(FP) . X
5 - 0.53 5.00 0.38 ¢ U
4 0.53 4.00 0.46
3 053 ~3.00 0.46 X N
2 0.53 Lhpol -046
1 0.53 1.00 0.46 .
0 1.00 0.00 . 1.00
ROC area ROC ammd | ditference o
report{ |quality 4.00 report [ quality .- 3.60 11%

difﬂarenc‘e> 0.4
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] CASE 791912
DIGITAL |- C ANALOG
_ ‘| present (T] absent {F) present (T} Absent (F)
. diseases | diseases diseases | diseases
- {15 6 1 5[ ° 5 3
{14 0 1 ) 4 0 0
{13 0 .3 3 1] 2
reported as{ | 2 2 1 2 2 1
L {11 0 0 1 o - 0
B {10 12 34 0 12 34
o ¢ p(TP) D(FE’) p(TP) p(FP)
5t 0.30 0.03 5.00 0.25 0.08
4 0.30 '0.05 400 . 0.25 0.08
' 3 0.30 0.13 3.00 0.30 0.13
L 2 0.40 0.15 . 2.00 0.40 0.15
1 0.40 0.15 1.00 0.40 0.15
_ 0 1.00 1.00 0.00 1.00 1.00
. | |ROCarea 0.64 ROC area 0.63| difference 0.0 2%
report| |quality 3.20}. report | quality 3.40\difference | -0.2| -8%
o : CASE 810234
) DIGTAL _| - . ANALOG
present (T] absent (F) present {T} Absent (F)
diseases |diseases diseases |diseases
_ {15 -0 0 "5 o -~ ' 0
- {4 2 0 4 2 2
{13 0 3 3 0 2
reported asf{ | 2 0 6. 2 0 6
{11 0 0 1 0 1
. {io 8 26 0 8 24
p(TP) p(FP) p(TP}) p(FP}
,,,,,, 5 0.00 0.00 5.00 0.00 0.00
4 0.20 0.00 4.00 * 0.20 0.06
i 3 0.20 0.09 3.00 0.20 0.1
2 0.20 0.26 2.00 0.20 0.29
1 0.20 0.26 1.00 0.20 0.31
0 '1.00 1.00 0.00( 1.00 1.00
. ya
ROC amea 0.50 ROCarea 0.47|difference 0.0 6%
report| |quality 3.80 report | quality 4.40|difference | -0.6] -149%

O
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CASE 90025 [
DIGITAL | - ANALLXG .
present (T)] absent (F} - |present (T] Absent (F}|
diseases |disgases ¥ |diseases |diseases
{|5 0 0 5 0 0 B
{14 0 ‘0 4 0 0
‘{3 0 3 3 Q 2
"|reported as{ | 2 0 1 2 0 1
{|1 0 0 1 0 0 i
{10 0 21 0 0 22
p(TP) p(FPY p(TP} p(FP} N
5 0.00 5.00 . 0.00
4 0.00 4.00 0.00
3 0.12 3.00| . 0.08
2 i 0.16 2.00 0.12
1 0.16 1.00 0.12 o
0 1.00 0.00 1.00
e
ROC area ROC area difference | . |
report| |quality 2.40 report| quality 3.00| difference| -0.6| -20%
case 91727
DIGITAL ANALDG B
present {T] absent (F) present (T)] Absent (F) -
diseases |diseases diseases |diseases- .
B 3 0 5 7 0 -
{14 0 1 4 0 0 L
{l3 1 1 3 0 1 - -
reported as{ | 2| 0 1 2 1 0
{11 .0 g 1 o 0 1.
{i0 “ g 12 0 2 14 1
p(TP) p(FP) " p(TP} p(FP} ]
5 0.30 0.00 5.00 0.70 0.00 :
4 0.30 0.07 4,000 0.70 0.00
_13 0.40 +  0.13] 300 - 0.70 0.07 ] B
- 2 0.40 0.20 2.00 0.80 0.07
1 0.40 0.20 1.00 0.80 0.07 1
. 0 1.00 1.00 0.00 . 1.00 . 1.00
ROC area 0.63 ROCarea 0.89|difference | -0.3} -29%
. report| |[quality 3.20 report | quality 3.40|ditterence | -0.2| -6%

~—
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A-13 ¢
\ ,
\ \
A . —
o GLOBAL
DIGITAL ANALOG -
N present (T] absent (F) present (T] Absent (F)
diseases | diseases diseases | diseases
) {|5 113 8 5 126 16
{4 22 12 4 23 12
{|3 22 29| . 3 19 26
reported as{ | 2 14 19 2 11 21
L {|1 1 4 1 1 2
-{|0 235 394 0 227 389
p{TP} p{FP) p(TP} p(FP)
5 0.28 0.02 5.00 0.31 0.03
4 0.33 0.04 4.00 0.37| 0.06
N 3 0.38 0.11 3.00 0.41 0.12
2 0.42 0.15 2.00 0.44 0.16
1 . 0.42 0.15 1.00 0.44 0.17
0 1.00 1.00 0.00 1.00 1.00
ROC area 0.65 ROC area 0.66|difference ol -1%
report| {quality 3.60 report | quality 3.81|difference | -0.21] -5%
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. _A-16 ‘
—~ S -
o
Area under the ROC curve by doctor
o - | ANALOG DIGITAL DIFFERBNCE | DFFERENCE
Doctor 1 0.60 0.58 -0:02 -4%
Doctor 2 0.61 060 . -0.01] =« -1%
Doctor 3 0.65 0.69 - 10.04| 6%
Doctor 4 0.73 0.65 -0.08 -11%
Doctlor 5 0.72 0.72 0.00 0%| _
Doctor 6 0.59]* "~ 0.74 0.12 21%
X
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visibility analog .
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»

3

5

1 2 . , 4 8
1 doc 1|doc 2|doc4|doc 5
2 . variance
3 CHEST ‘
4 |.
5 [|Tracheal air column 236f 291 28 20 2.5 0.4
6 |Right main bronchus 3.05 4.08/ 3.3 25 3.2 0.7
7. |Left main bronchus 3.27| 392 36 27 3.4 0.5
8 |Bronchus intermedius | "29] 3.56] . 41 27 3.3 0.6
9 |Posterior junction line 492 42 45 4.5 0.4
10 |Descending acrta 4231 362 29 30 3.4 0.6
11 |Azeqoesophageal recess 273 4621 4.2 3.8 1.0
12 [Intervertebral disc spaces | 2.83] 35/ 3.1 29 3.1 0.3
13 |Edge resolution 25 282 31 223 271 - 0.4
14 |Minor fissuras 443 3.41] 33 29 3.5 0.6
15 |Hemidiaphragm left ] 218 229 23 22 2.2 0.1
16 |Hemidiaphragm right 236 24| 221 24 2.2 0.2
17 |Bone cortex 20 268 22 214 2.3/ ) 0.3
18 ]Bone Trabeculae 391 359 28 27 3.2 0.6
19 -
20 ABDOMEN
21 |SPINE - -
22 Pedicles 205 242 22 22 2.2 0.2
23 Spinous process 242 253 23 1.9 2.3 0.3
24 Interspaces 2.05 221 23 22 2.2 0.1
25 Epiphysial joints 2.53 2l 50 21 2.9 14
26 Ribs ' 216 211 23 21 .
57 : ‘
28 |Diaphragm - 4 2l 35 30 3.1 0.2
29 |Psoas shadow 44| 405 32 33 3.7 0.6
30 |Kidney 3.95 395 32 31 3.5 0.5
31 |Bowel gas 2 2 1.9 21 2.0 0.0
32 {Fecal material 3.65 416 221 20 3.0 1.1
33 |Peritonal fat lines 4.26| 34| 31 28 3.4 0.6
34 : : .
35 |HIP JOINTS
36 Sacro-iliac 28 276 28 25 2.7 0.1
37 Lumbosacral 4.08 25 23 2.9 1.0|
38 Sacrococcygeal 4.46] 4.3 20 3.6 1.4
39 )
40 |Free air 3.79] 442 33 20 34 1.0
41 |Liver 3.89] 228/ 27 34 3.1 0.7
42 |Spleen 489 3.27| 3.1 35 3.7 0.8
43 |Calcium 3.76 2 24 23 2.6 0.8
44 |Bladder 447 382 35 25 3.6 0.8
45 . X
46 _|Average per doctor 1°3.26| 3.15 3.03 2.54 3.0 0.3
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A-18
visibility digital
1 2 3 4 5 -7 8

1 doc1idoc 2|doc 4|doc 5 l e
2 mean variance
3 CHEST R
4

5 |Tracheal air column 252 262 271 241 25 - .. .02
6__ |Right main bronchus 3.08| 3.33] 34 25 34 04
7 |Left main bronchus 3.46| 35| 38 27 34 04
8 |Bronchus intermedius 3.08 285 48 .28 3.4 .09
9 |Posterior junction line 455 50 43 46 04
10 |Descending aorta 4.05 342 40 3.0 3.6 o 0.5
11 |Azeqoesophageal recess 3| 4.08] 5.0 - 4.0 10
12 |Intervertebral disc spaces | '3.43] 3.14] 34| 28 3.2 .. _03
13 |Edge resolution 1.9] 224 3.0 20 23 05
14 jMinor fissures 475 348 45 34 40 @ 07
15 |Hemidiaphragm left 257 211 29 2.1 24| - 04
16 |Hemidiaphragm right 2331 2471 26 23| 24 02
17 |Bone cortex 1.9] 243 31 20 23 © 05
18 |Bone Trabeculae 3.81] 45 43 3.2 4.0 - 06
19 . ' . '

ABDOMEN

21 [SPINE \ _
22 Pedicles 22 222 23 22 2.2 01
23 Spinpus process 2.18] 2.33] 21| 24 2.3 0.1].
24 Interspaces 217| 195 20| 21 20 0.1
25 Epiphysial joints 3.08 1.5]. 2.7 24 .08
26 | Ribs 221 211 34 22 ]
27

28 |Diaphragm 3.29] 2.25] -3.2 22 271 06
29 |Psoas shadow 43| 313" 3.0 34 35 06
30 |Kidney . 4.21] 34| 35 35 36 04
31 |Bowel gas 2 184 20 19 1.9 0.1
32 |Fecal material 3.37 4 21 22 2.9 0.9
33 |Peritonal fat lines 4.15] 3.15] 34 25 33 0.7
34 | ' '

35 |HIP JOINTS e
36 Sacro-iliac 3 275 21 25 26 - 04
37 Lumbosacral 35 24| 32 ) 300 05
38 Sacrococcygeal 5 3.0 20 3.3 15
39 :
.40 |Free air 4.45 4 270 20 _ 3.3 1.1
41 |Liver 43| 223 28 ™28 300 09
42 |Spleen 5| 28 3.0 30 35 1.0
43 |Calcium 3.9 2 271 23 2.7 08
44 |Bladder 48 311 32 25 34 1.9
45 )
46 |Average per doctor 3.34] 289 3.17| 2.58 3.0 0.3
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L A-19
' Evolution
1 2 ] 3 4 5 .8

1 doc 1|doc 2|Doc4|doc 5 '

2 _ o ) variance

3 CHEST ) . . -

4 -l -

5 |Tracheal air column 0.16/ -0.3| -0.1| 0.14 _ 0.0 0.2
6 |Right main bronchus 0.03] -0.7] 0.06 Q. - . -D.2 0.4
7 |Left main bronchus 0.18] -0.4] 0.16] 0.05 " 00 0.3
8 |Bronchus intermedius 0.18 -0.7/ 0.65 0.14 0.1 0.6
9 |Posterior junction. line ) -0.4] 0.74] -0.3 0.0 0.6
10 |Descending aorta -0.21 -0.21 1.06 0 0.2 0.6
11 |Azeqoesophageal recess 0.27] -0.5 0.85 " 0.2 0.7
12 |Intervenrtebral disc spaces | . 0.6 -0.4| 0.24 -0.1] . 0.1 0.4
13 |Edge resolution -0.6| -0.6 -0.1] -0.3 0.4 0.2
14 |Minor fissures 0.32 0.07| 1.26| 0.48 0.5 0.5
15 jHemidiaphragm left - ,0.39, -0.2| 06 -0.1 0.2 0.4
16 |Hemidiaphragm right 0_0.07| 042 02 0.2 .2
1A |Bone cortex - -0.1] -0.3| 0.83] -0.1 0.1 0.5
18 |Bone Trabeculae -0.1] 0.91} 1.52| 52 0.7 0.7
19 . '

20 ABDOME.N

21 |SPINE '

22 Pedicles 0.15| -0.2] 0.18 o 0.0 0.2
23 Spinous process -0.2| -0.2| -0.1] 0.49 ~ 0.0 ) 0.3
24 Interspaces 0.11] -0.3| -0.3| -0.1 -0.1 0.2
25 Epiphysial jpints 0.55| -0.5 0.56 0.2 0.8
26 Ribs 0.05! 0.01] 1.11] 0.1 )
27

28 |Diaphragm -0.7| 0.25 -0.3] -0.8 -0.4 0.5
29 |Psoas shadow -0.1] -0.9] -0.2{ 0.12 - -0.3| 0.5
30 |Kidney 0.26| -0.5! 0.29] 04 0.1 0.4
31 |Bowel gas 0 -0.2] "0.05/ -0.1 -0.1 0.1
32 |Fecal material .=0.3] -0.21 -0.1] 0.17| -0.1 0.2
33 |Peritonal fat lines -0.1{ -0.2] 0.35 -0.3 -0 0.3
34 )

35 |HIP JOINTS ‘

36 Sacro-iliac 0.2 0 -0.7 0 -0.1 04
37 Lumbosacral -0.6 0l 0.95 0.1 0.8}
38 Sacrococcygeal 0.54 -1.3 0 -0.3 1.0
39 . N

40 |Free air 0.66| -0.4| -0.7 0 - . -0.1 0.6
41 |Liver 0.41 0 _0.06] -0.6 0.0 0.4
42 |Spleen 0.11] -0.5] -0.1| -0.5 -0.2 0.3
43 ICalcium 0.14 0 029 O 0.1 0.1
44 |Bladder 0.33 -0.7] -0.3 0 -0.2 04
45 .

46 _|Average per doctor 0.08] -0.3| ".0.2| .0.03 0.0 0.2
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